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INTRODUCTION 

Site 80-5, otherwise known as W-Line and Dolason Hill Prairie, is located on 
the east side of the Redwood Creek Basin. The drainage area studied, encom­
passes all tributaries to Dohson Creek, which have their headwaters on the 
south-facing, spur ridge of Colason Hill Prairie. Most streams encountered, 
were small and ephemeral or intermittent. Some were spring-fed. Elevation 
on the site varied from. 160 feet to 2,424 feet. 

The site is underlain by Franciscan sandstone and shale. There appear to be 
coherent sandstone beds, generally trending NW/SE which form small benches 
in the topography, particularly on the upper half of the site. Slopes here, 
are rounded and stable. Bedrock becomes predominantly shale, grading into 
a "scbisty-shale", and "blue goo" soil becomes more prevalent on the lower 
part of the site. Slopes increase, streams become more incised and unstable 
areas are present in the old growth below. 

Virgin redwood covers about the lower half of the site{420 acres). Grass­
land prairie covers 200 acres along the ridge. 154 acres were logged; about 

.' 

two thirds were tractor yarded and one third, cable yarded. 

There are two major haul roads on the site. W-line and Harding's Road, 
totalling 4.8 miles. Road history, erosional problems and treatments for 
each, are described in separate sections of the report. Specific costs for 
work locations are found in the tables at the end. (These tables are probably 
much more useful and interesting than the text.) 

(1 )
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TOTAL COST SlJ1MARY 

Dolason Prairie and W-line were rehabilitated in the summer of 1980 for a grand 
total cost of $109,485. This figure does not included vegetation or the 
aborted W-11ne rockpit cos~s. The total drainage areas affected is 774 
acres. The area actually worked on is 23 acres. 

Percent 
Actual Cost of Total 

Total heavy equipment cost* $ 82,633 
,o~·Total labor intensive cost $ 11,522
 

Total cost of quarry I transport rock J 15.33& • ''',0''0
 \5% \\00""" 

Total s~e9.48S· 100S 
II O,2.tS 

*Actual cost of work done on site. Does not include move in and out 
or lowboy expenses. 

The following table shows the breakdown of heavy equipment costs. 
Table 1 
Nu~r of Actual cost of Percent of 
sites or work (rounded to total heavy

Treatnent length nearest dollarl- eguipment cost 

Ripping and opening roads 4.6 m1les $2,591 3S 
Removal of drainage obstructions 48 si tes $33,518 41S 

.) culverts .) 15 .) $11,925 a) 14S 
.b) hurmoldts b) 23 b) $18,036 b) 22S 
c) swales, siid trails, othe~ c) 10 .c) $3,557 c) 4S 

Decks 9 sites $13,801 17S 
landings 3 sites $2,714 3S 
Roads 4.8 _miles $22,106 27S 

a) forested or logged a) 2.9m11es a) $8,785 .) l1S 
b) prai rie b) 1.9 m11es b) $13,321 b) 16S 

Travel between work sites .$1,796 2S 
MoVing materials to work sites $3,279 4S 

• 
Standby $480 0.5S 
Standby related to rockpit closure $1.803 2S 
Other miscellaneous costs --lli.L- 0.5% 

Totals $82.1633 lOOS 
(3) 
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HEAVY EQUIPMENT COST BREAKDOWN BY ROAD 
-Table Z 

? 
,,­-

ROAD 

'I-line 
R-l to R-25 
(2 miles) 

D-line 
, All below H-8-".- (.5 miles) 

Harding 
R-26 to k & K 
~2.3 miles) 

HtMJOlOT
 
CROSSINGS
 

$ 193.50
 
(2) 

7,453.50 
(6) 

10,389.25 
(l~) 

ROAD VCULVERT 
DECKSCROSSING SWALES LANDINGS TOTAL COST/MILEREACHES / 

I .­. .-' .-- . --.- .....,
.' ...... 

! $10,974.00$10,321.25 $2,736.75 $39,965. 
/-

15'" $19,982.58)$1,938.75_$~~_,_974!OO( 

(21) I-:--cn-----­(11) (2)(10) AU: 1-, 
-7 {.-" ·r:~ ... ~ '.... -' ...- ~ ,.. 

.1,506.50 774.75 9,734.75 19,469.50. 
I (1 )(2) 

9,436.25 22,249.501,603.50 820.50 9,~73.70 

- (18)(1)(4) 

Ii) 

Note: U)aquan t tty of••• 



90 B John Deer 

Table 1
 
HEAVY EQUIPMENT LIST
 

DESCRIPTION OPERATOR (liNER COST HR 

Bulldozer Gary Netherby/Whitey Brown $60.00 

Excavator Larry Lambert 64.50 

ie 22-B Crane Ora g- 1i ne Ralph/tarl Kjer 77.50 

DC Case Extendahoe Vern McGaughey 30.00 
(Backhoe) 

T D6B 44A Bulldozer Ivan Koonhauser/Carl Vollweiler 33.00 

50 case Bulldozer Rusty Vorous 65.00 

T TO 25 Bulldozer ' Robert Moore/Ted's Construction 73.50 

ader Loader Henry Budeau 35.00 

T 955 2 1/2 yd. Loader Mike/Hal Reardon 55.00 
• -r . 

se W18 Loader John Lis~(?)/Robert Figas 45.00 

(5)
 



• ABBREVIATIONS 

C-I Culvert nurrber - ­
S-I Swale or small channel, fill crossing. 

H-I Hurrboldt crossing, logs suspected, but 
not always found. 

0-1 Deck or wide spot on 
corners) • 

road (switchback 

L-I Landing, usually associated with cable­
yarding. 

R-I Road reach, usually from one crossing to 
the next. 

R/Q-I Road reach with very wet slumping and/or
gullied cutbanks. 

Numbers are not in a logical order, as it turns out. 
They originally indicated the order we planned to do 
things in • 

•
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RIPPING AND OPENING ROADS
 

All roads other than W-line had to be opened for future accesS using a TO 25 
bulldozer. Fourteen partially or totally blown out crossings had to be 
reconstructed in order to deliver rocks, check dam boards, and straw to each' 

work site. 

The TO 25 was equipped with two 24-inch ripper teeth which had an effective 
ripping depth of 18 inches. All road surfaces were ripped three times 
(passes). We neglected to rip the inboard ditch on W-line. Possibly the 
inboard ditch is still carrying subsurface flow which might have caused 
the small slumps in the switchback area on W-11ne. 

Table --:,4_
 

Category Hours Cost Total Cost
 

Open 13 1/2 $73.50 $ 992.25 

Rip 21 3/4 73.50 1.598.63 

Total j2,590.88 

List of blown-out stream crossings and gullies which were filled during road 
opening: H-4. H-5, H-1, H~9, H-l0, H..io 1/2, H-ll, H-12, H-13, H-15, H-16, 
H-23, S-13, ~-40, and Delason Creek and associated gullies. 

•
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W-lINE: INTRODUCTION
 

W-line w~s a major haul road built by Arcata Redwood Comp~ny (ARCO). It starts 
at the Bald Hills Road, just below Elk Camp Prairie, and winds down through old 
growth and logged land for 4.5 miles, ending at Colason Creek. The lower two 
miles, beginning where the road enters Colason Prairie, were rehabilitated in 
the summer of 1980. The remaining 2.5 nriles are scheduled for removal in 1982. 
Several highly controversial areas along the lower W-line were logged in 1977, 
just prior to park expansion. These consist of two cable-yarded units (l-l and 
L-2), a tractor-yarded unit on the prairie fringe, coincidentally also an 
archaeological site (between 0-6 and 0-7, extending down to C-4 and C-5), and 
200 foot wide "right-of-way" cuts along the entire road reach. 

The first 0.6 miles of road switchbacks through the prairie (R-25 to 0-8), 
following Harding's logging road, built in the early 1950's. This was upgraded 
and heavily rocked in 1977. Erosional problems in this area are discussed later 
in the Harding Road section. 

The remaining 1~4 nriles of road, mostly through old growth, was also rocked and 
had eleven intact culvert crossings. MOst of the culverts were correctly placed 
and had caused only minor erosion. However, it must be kept in nrind that there 
have been no major storms since 1977. ··A slump occurred above C-8 in March 1980, 
blocking the channel and culvert inlet. and diverting flow across the road 
prism. This was causing gullying and failure of the saturated outside edge of 
the road. In manY places, the road passed through headwater bow~. disturbing 
the natural subsurface flow. 

There were numerous areas where road stability was questionable. indicated by 
the presence of ponded water. seeping cutbanks, tension cracks. and small scarps. 

R-10 was the most unstable; a 400 foot long section of the 'edge of the road had 
failed. debris avalanche style, down a SO-90S logged "right-of-way" slope; small 
I1lJdflows reached several hundred feet in~o old growth below. 

There were six decks, all with slash and loggs perched around their edges; in 
some places debris was shoved up against the old growth redwood below. MOst 
of these decks were built away from stream channels, and posed no illlnediate 
problems. The two cable yarded landings were build on moderately sloping 
ridges and have virtually no erosional problems. 

(8) 



The site-specific section which follows includes site conditions before 
rehabilitation. and details on how the treatments were done. Sites are 
discussed in the order in which they were completed. Costs, treatments. 
volumes. road lengths. etc. are summarized numerically in Table 1-4. 
This is probably the most useful part (not as boring either~). 

•
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• W-LINE: SITE-SPECIFIC DETAILS 

B..l 
This short road reach was used during the salvage operation. but had no
 
erosional problems. After salvage was finished. it was gently outsloped by
 
the excavator. One water bar was also constructed.
 

Q:.l
 
The edge of the deck closest to C-l had tension cracks. and perched slash.
 
The crane pulled this material back. and the cat spread the fill. providing a
 
gentle outslope to the deck.
 

C-l
 
Aworking 24" culvert with trash rack-and half-round. set close to the original
 
stream grade. There had been 2' of downcutting below the end of the half-round.­

and tension cracks were present at the outside edge of the road. The channel
 
is in old growth above and below the roadway. with no significant problems.
 

The channel was excavated by the crane and cat. The crane did most of the
 
digging; the cat moved fill away from the crane and used it to outslope the
 
surrounding road reaches. did some winching. and periodically made level pads
 
for the crane to work from. The cat was also working on outsloping Deck-l,
 
while waiting for fill from the crane.
 

See comments at end of C-2. 

C-2 

C-2 was a working 36" culvert with trash rack and half-round. laid close to 
the original stream grade. One to two f~t of both the inside and outside 
edges of the road over the culvert had failed, and more tension cracks were 
present at the outside edge of the road. Up to 2 feet of sediment had been 
deposited in a level reach of channel above the trash rack. Downcutting below 

• 
the half-round totalled 6 feet. The channel above and below is in old growth. 
with no significant problems. This ~hannel carried the most flow of all channels 
worked on: observed maximum flow was measured as 7 feet wide by 2 feet deep, 
and was roughly estimated to be traveling at 1 foot per second. This calculates 

(10) 
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to be 14 cfs. but this figure seems high. 

The majority of this stream excavation was done by the hydraulic excavator and 
cat. The crane did some preliminary work. pulling up material thought to be 
beyond the excavator's reach. This turned out to be unnecessary. a skid trail 
below the main road provided access for the excavator. and the excavator ended 
up redefining and cleaning up the crane's work. While the excavator was working 
below. the cat removed much of the fill over the culvert. using the dirt to 
start outsloping the road. Then the excavator came back up. removed the culvert 
and defined the channel. 

Rocking took a long time here because. due to the narrowness of the road. rock 
had to be dumped about 200 feet away from the crossing. Originally we had 
planned to have the cat push rock over to the excavator. the excavator would 
then place it in the channel. Howev~r, the cat ended up with more dirt than 
rock by the time he got to the channel. Ind so the excavator ended up moving 
Ind placing the rock alone (took 5.5 hours). This walk~g back and forth was 
extremely inefficient; I loader was what we needed. OnlY\~inor hand adjustment 
was requi red. Be> "'\ 0$ '2.cck.. 

CORments 
This was our most expensive crossing. per cubic yard removed for several reasons, 
one being the rock. mentioned above. The other main reason is the crane. this 
is also why C-l was so expensive. The crane required a level pad to work from. 
In order to shape the channel properly, he often needed several pads to give 
him different working angles. This required that the cat stop what he was 
doi ng and buH d pads, or upgrade the access to I 1eve1 spot. Eventua11y the 
crane had to remove these pads. Another problem with the crane (or possibly 
just the operator?) was the inaccuracy in casting. lt often required several 
casts to correctly pllce the bucket. The bucket Ilso had I tendency to knock 
loose large dirt clods and other loose rlvel which ended up downslope, often 
in the channel, out of reach of all equipment. The crane was also totally 
dependent on another piece of equipment (cat or loader) to remove his fill . 

In comparison. the excavator was able to independantly maneuver and work on 
slopes: this allowed the cat to remove much of the fill over the crossing 

(11 ) 
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before the excavator started. Often the excavator was only needed to deepen 
or define the channel. The excavator could dig fast and accurately, and often 
was able to distribute (or outs10pe) his own fill. It was seldom necessary for 
the excavator to stop working while the cat moved the fill. He was also able 
to remove logs or culverts by pinching them between the bucket and the boom. 

In summary, due to the crane's slowness and its need for the constant presence 
of a cat. the cat is not free to go ahead and start working down over the next 
crossing. and is therefore not kept busy. It is an inefficient way to use a 
cat. 

The excavator and cat can work relatively independently. The cat can outs10pe 
almost continually using the excavators' fill. and also that removed in the 
preparation of 'the next ,crossing. The cat is continually working, and is able 
to reduce the amount of fill the excavator will have to move. 

• 
Culvert 3 was a working 24" culvert wi~h trash rack and half-round. laid close 
to the original stream grade. Tension cracks were present at the outside edge 
of the road, and there had been only minor downcutting below the half-round. 
Water had also been seeping through the fill below the culvert. A large spring 
area in the cutbank to the left of the channel required a spring drain. The 
channel is in old growth below with no significant problems. The area above 
was select-cut in the 1950's and then clear cut in 1968. both by tractor. This 
channel had 3 skid trail crossings which were diverting flow out of the channel 
(the "S" crossings). and 1 semi-intact Humboldt crossing. (This Humboldt 
crossing was left in place-because the amount of flow was not anticipated to 
cause any major problems.) 

This stream excavation was done almost entirely by the excavator. with minor 
assistance from the cat. 

Efficiency could have been improved here by changing the design of the spring 
drain. It was planned to join the main channel at an acute Ingle. midway down 
the excavated channel. This required a long drain Ind so more digging and dirt 
moVing. It is quicker to build drains from the in-board ditch that join the 

(12)
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• main channel at near right angles, and at the top of the excavation. However 
the design should also depend on how much flow is expected and whether the 
channel is rocked or check·dammed. This spring has, so far, produced less 
flow than expected. However higher flows, especially in unprotected drains, 
may downcut, and deposit their load in the main channel; this fan may divert 
flow into a side bank. (This happened at H-ll where we joined a drain at 
right angles.) Spring drains seem more likely to cause problems in check 
dammed channels than heavily rocked channels: they can saturate side banks 
where check dams are keyed in. 

This channel was rocked primarily by the excavator, with only minor hand 

adj us tment reQu ired. 80 '1 05 . 'R-ocl:::... 

All the fill from culverts 1.2, &3 was used to outslope surrounding road 
reaches. 

S·2, S-3, & 5-4 (the "S" crossings) 
S·2, S-3, and 5-4 were adjoining skid trail crossings on the channel above 
C·3, left by the 1968 tractor logging operation (or possibly put in during 
the 50's?) All 3 skid trails were angling downslope when they crossed 
the channel, and flow was diverted from the channel down the skid trails. 
In addition, most of the runoff from the'lower prairie had 'been concentrated 
into the W-line in-board ditch, which drained onto the slope adjacent to the 
natural channel developing an 8-10 foot deep, 20 foot wide gully (also discussed 
under W·l) joined the natural channel just .above S-4. Several feet of 
sediment (eroded from the gully system) was carried down the skid trails to 
a gently sloping area to the right of the channel, where water fanned out 
creating a large marshy area.' This near level area may have been used as a 
deck during the 1968 logging, based on observations of old air photos. 
Subsurface flow from the marshy area co~tributed to cut bank failures on 
the W-line below, described in the next section. R/Q-5. 

These skid trail crossings were removed by the excavator alone. They 
contained no logs. Access via skid trail was improved by the cat; and the 
excavator took one-half hour to travel to the site from the W-line, near C-4. 

The original plans were to put check dams in this channel, however a loader 

and rock was available at the time the excavation was finished, and rocking 

(13) 
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seemed more cost effective. 30 '1 cis. R..oc.C-

Rock was dumped on the W-line and ferried up to the crossings by a large 
rubber-tired loader. The loader opDrator, John Listof, of figas Construction 
Company was irresponsible and reckless. He got the loader stuck in the 
channel several times (he was supposed to be dumping from the edge of the 
channel, but was going so fast he didn't stop in time.•.•.. ). On the last 
load of the day he got totally stuck in the channel, and could not get out 
unassisted. While I went down to ask the excavator to come up and pull him 
out, a Figas dump truck driver, Wes Roberts, decided to give it a try. In 
his attempts, he damaged a redwood tree and destroyed the stream excavation 
by ramming the sides lopes and knocking several feet of fill back into the 
channel. I heard this happening but got there too late to prevent the damage. 
It took 1 1/2 hours of excavator time to get the loader out, and another 
two hours to repair the damage. We used a small cat (850 Case) with a 4 in 1 
bucket to move the remaining rock; ihis cat also had rippers on the back, 
which were used to rip the access road after the work was completed. Hand 
placement of rock was both necessary and time consuming here because the 
access forced the loader to dump roc~.at limited locations. Rock was moved 
up and down the channel by hand and wheelbarrow. 

R/Q-5 
R/Q-5 was a 600 foot long road reach with very wet slumping cut banks. The 
area immediately above was tractor logged 1n 1977, and slopes above that 
were tractor logged in the 1950's and again in 1968. Much of the surface flow 
was coming from the skid trail diversions above (the "SIt crossings). Subsurface 
flow, emerging in the-cutbanks, was also increased due to diverted flow soaking 
into the level area above. One hundred fifty feet of the outside edge of 
the road had tension cracks and beginning to settle. 

This section of road was outs loped rather then cross road drained because 
of a) the instability of the outside edge of the road. and b) the lack of 
defined channels below the road. Rather than concentrating flow in a few 
places, outsloping encourages water to spread out, allowing for greater 
abSorption by the soil and availability for plant life. 

This outsloping was done entirely by the excavator at a cost of .$.52 per 

linear foot. 
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C-4c:; was a working 24 inch culvert with trash rack and half-round. It was laid
 
close to original stream grade, and as a result, there had been little down­

cutting. This channel has its headwaters (a large spring) in the 1977 tractor
 
logged area above. The natural drainage has much slash and had been driven
 
across in numerous spots. Most of the flow now comes down a series of skid
 
trails, some of which have 2' x 2' gullies.
 

This stream excavation was done by the excavator and a small cat (850 Case) 
with a 4 in 1 bucket (standing in for the 1150 Case, which broke down). The 
cat removed most of the fill and the culvert, and the excavator defined and 

. rocked the channe1• 

Flow was expected to continue from the right inboard ditch (fed by a small 
gully), so it was enlarged and rocked. Only minor adjustment of rock by 
hand was required. It turns out that this drain carries almost equal flow 
to the natural channel. 

~2 

0-2 was a nrld-sized deck, with very fresh but small «1 foot) vertical displace­
ment~ abundant tension cracks and ponded water. The terrain below is fairly 
gentle, and is seemed unlikely that deck failure would have created any major 
erosional problems. 

Asmall amount of fill was pulled back by the excavator and cat, used to 
,outslope the inboard ditch area, and 1~rove drainage on the deck. A steeper 
section above the lower part of the C-4 excavation was pushed ~ onto a 
gently sloping bench by the cat. 

f:1 
C-5 was a working 24 inch culvert with trash rack and half-round. The channel 
below the half-round had been completely obliterated (by fill pushed over the 
edge of ~3), and looked more like a skid trail than a channel, until it 
entered the old g~th. Flow from the half-round was diverted left, through 
and around a small pond, and then back to natural channel. The channel above 
was oM gina11y a gentle swale whi ch had been dri ven through numerous times 
during the 1977 tractor logging operation. 
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The channel excavation was done in the usual way with the excavator and cat. 
T~O spring drains were provided: the left for seepage from a slumping 
cut bank, the right for runoff from skid trails. Due to the lack of defined 
channel below, the lower left bank was reconstructed with fill. 

This channel took more rock than expected-hence only the steeper upper part 
was rocked, primarily by the excavator. The steeper left spring drain was 
rocked by hand; rock was gathered fran a rock area several hundred yards away. 
and ferried to the site in a pickup trUCk. 

The lower. gently sloping channel reach has two check dams and four sUbmerged 
spillways. The submerged spillways were intended to provide local base levels. 
keep the flow centered in the channel. and be quick to install. The boards 
were sunk about 10 inches into the channel bed, so the spillway was level with 
the channel bottom. However. during the December 1980 storm. about 6-8 
inches of downcutting occurred below each SUbmerged spillway. In the future. 
energy dissipation should be provided for submerged spillways (or better yet. 
don't bother using them!). Forturnately, at this time the downcutting has 
not exposed the bases of the check dam boards, so they have not been undermined 
(yet). They are now working as small check dams;,. we added slash for energy 
dissipation. (some of the slash has been carried away; it should be staked in 
place. ) 

D-3 

0.3 was a large deck, built on a ridge. Water was seeping from the cutbank. 
ponding in the in-board ditch and on the outside edge of the deck. Slash and 
logs were piled near vertical around most of the deck edge; fill and slash 
were piled up to 10 feet deep against a ring of old growth redwoods on the 
edge of the C-5 channel. 

The excavator pulled the outside edge of the deck up. and the cat worked the 
fill into the i~-board ditch, providing a gentle outsloping. The cat winched 
up numerous logs. and pushed a section of deck edge down onto a stable bench. 
This was a faster way to move dirt to a stable position than having the ~. 

excavator pull it up. However. the cat got stuck several times and was 
unable to get back up the slope without the assistance of the excavator. 
This might have worked better with. larger. more powerful cat. 
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R-S and R-9 
R:s and R-9 were a double road through-cut providing access to a landing on a 
ridge (L-1) from two directions. The through-cuts were diverting and concen­
trating surface flow, but had not exposed any seeps. Sandstone boudin struc­
tures were present in the cutbank. At the lower point where the two roads 
joi~ (R-8), considerable fill had been pushed over the edge and piled against 
old growth redwoods. and had a slope of 90 percent. This was pulled back by 
the excavator. to reduce the chances of it slumping in the future. 

The double through-cut (R-9) was outs10ped by the cat; two roads were blended 
together to allow drainage to return to natural in this headwater area. 

R-7, providing access to Landing 1. was stable and on a gentle slope near a 
ridge. The 1150 cat dug four waterbars to prevent water from flowing down 
the road. 

,/ 

L-l
 
Landing 1 was built on a ridge with gentle slopes. except on the northwest side.
 
This steeper area had a lot of slash perched on the edge, and ponding water.
 

This landing was ripped. and the steep'slashy section was pulled back by the
 
excavator. The f111 was 'used to provide a gentle outslope. 1q>roving drain­
age off the landing.
 

&!Q.
 
This was a very unstable section of road; the outside.edge of the road had
 
failed in debris avalanche style. traveling 200 feet down a SO-90 percent
 
logged slope. Old growth at the base of the slope acted as a barrier. holding
 
back logs. rootwads. and up to 10 feet of sediment. Mudflows have traveled
 
several hundred feet down through the old growth. depositing several feet of
 
sediment behind logs and other natural barriers.
 

The cut bank above the road is extremely wet in spite of being within several
 
hundred feet of the ridge. It is not·uncormcn for cutbanks through ridges
 
1n I sandstone/shale terrain to be springy. Surface flow. concentrated by 

skid trails along the ridge. and the emerging ground water was ponded on the 
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road and in the in-board ditch area. 

Below the R-ll road reach is a series of skid trails - these end or 
disappear below R-l0. If these skid trails were originally present below 
R-l0. they may have helped initiate the slumping and debris avalanching. 
This was an extremely steep area which should never have been logged. 
However it was within the road "right of way". and ARCO has a habit of 
logging the right of way to pay for the road. (no timber harvest plan 
required.) 

Several springs below the road had also been uncovered by the failures and 
probably also contributed to slope instability. This water was beginning 
to gully the surface of the failures and was adding to the possibility of 

, ' 

future failures.
 

Treatment here consisted of pulling back the outside edge of the road. and
 
filling the in-board ditch, done by ,the excavator. This moves potential
 
failure material to a more stable location, improves drainage and cuts dow~
 

on the amount of ponded water soaking in and lubricating the failure plane.
 

R-ll. 5-5 and 5-6
 
The road here passed through the headwaters of a small drainage. There is no
 
defined drainage above the road. just a broad bowl. Due to road construction
 
and removal of slope support. the entire soil mass in the steep bowl was
 
settling. There are 2-3 foot high recent scarps around the head and edges
 
of the bowl. older, rounded scarps are present as well. The outside edge
 
of the road was also settling. Tension cracks were present here, and also
 
in skid trails below (in the ARCa road "right of way"). All flow from the
 
basin above the road was diverted by the in-board ditch to the next drainage
 
to the right.
 

This area was mildly outsloped in order-'to restore drainage flow across the
 
road prism, add support to the toe of the slumping bowl above, and pull back
 
Potential failure meterial at the edge of the road. The excavator also
 
gently outsloped - swaled the skid trails below, stablizing the failing edges.
 
It was not anticipated that the amount of flow from the bowl would cause
 
any further erosional problems here. straw was the only-secondary treatments.
 

OS)
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C.6 was a working 24 inch culvert with trash rack and half-round. placed on 
a broad divide. It was carrying flow from two drainage headwaters over 
a ridge and delivering the flow into the next drainage bowl. Culvert 
discharge had produced rills and some small gullies as it crossed the 
logged area. but below in the old growth the flow fanned out and deposited 
its load. 

This culvert was removed by the cat and the area was mildly outsloped to allow 
drainage to return to a more natural pattern. 

R-12 and C-7 ("Redwood Bowl" or "Red Spider Gulch'·)
 
Road reach 12 passes through another bowl-like headwaters area. Here. however
 
the area drained is larger (the ridge is higher here) and flow is beginning
 
to concentrate in difined channels just below the road.
 

C-7 was a working 24 inch culvert with trash rack and half-round. located
 
on a small rise within the bowl. The in-board ditch collected water from
 
the entire bowl. and the culvert discharged it toward the right tributary;
 
some rilling had occurred.
 

There were tension cracks and minor slumping at the outside, edge of the road.
 
The cutbanks were very wet and had slumped in numerous spots. The in-board
 
ditch was blocked in three spots. causing water to be ponded on the road bed.
 

The culvert was removed by the cat. and the road was mildly outsloped by
 
the excavator - cat combination. The excavator worked his way along the
 
edge of:the road. pulling road sidecast and slash up. and dumping it in
 
the in-board ditch. The cat followed and smoothed out the piles. working
 
material into the cutbanks. and compacting the fill. Three swales were made
 
in the outsloping at the center of nat~ral depressions in the bowl to direct
 
flow towards the developing channels.
 

In retrospect~ I think we should have pulled back more material at the
 
Outside edge of each swale. steepening but evening out the grade of each
 
swale. Presently there is some erosion occurring where flow goes over the
 
"hump" at the fonner outside edge of the road.
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C-8-
C-8 was a culvert that was plugged by a slump which occurred in March 1980. 
The culvert was not laid at the original stream gradient; about 4 feet of 
downcutting had occurred below the half-round which was partly detached. 
This was among the deepest crossings on our site (C-l. C-2. and C-3 were 
also very deep). The stream becomes well incised just below the road; 
above the road the drainage is a broad bowl filled with slash. Cut banks 
acrosS the bowl were 5-7 feet high and seepy. Slumping of the slash-covered 
slopes had occurred repeatedly here. Slash and rootwads were precariously 
perched on the edge of the 30 foot raw slump face. 

The crane did preliminary work on the furthest reaches of the excavation. 
We had problems here again w1th the crane knocking loose large dirt "clods" 
(up to2 feet in diameter) and having them end up in the channel out of 
everyone's reach. 

The excavator and cat were used to winch end knock down logs and slash that 
were perched above the channel (to prevent them from failing later and 
blocking the channel). The excavator clawed at the upper part of the scarp 
face. making 1t less vertical. and also making a 3 foot wide bench 3-4 feet 
below the top of the scarp. to help catch ~terial that might fa11. Some of 
the slash was dragged to L-2; a Jot'was bur1ed along the in-board d1tch to 
the right of the crossing. The remainder of the channel excavat10n was done 
by the excavator and the cat. One hundred and fifty yards of f11 1 was 
end-hauled from this site. (using 2 dump trucks) and used on 0-6 to fill 
the in-board ditch through the archeologic site. Th1s was recommended by 
the archeologist. to prevent further ground disruption at the ancient 
village site. 

Rock for th1s crossing had to be dumped 250 feet away from the channel. 
The backhoe. working on crossings in the upper prairie, was brought in to 
help move the .rock. The excavator distributed the rock as evenly as 
POssible. but due to the large size of rock, we needed more to prov1de 
COverage for the entire channel. An add1tional 30 yards of rock was delivered 
and dumped directly into the channel. This proved to be a minor disaster. 
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The rock delivered contained nearly SO percent dirt, and this all ended up 
in the channel. The excavator spent a considerable amount of time trying 
to sort rock and dirt. These factors combined to make this one of the most 
expensive crossings per yard. 

Dumping rock directly into the channel also affected the labor intensive 
costs. We ended up with a rocky hump in the middle of the channel which 
was very time consuming to remove. Many rocks needed to be moved by hand 
because the excavator was unable to reach the far bank for rock placement. 

-R-13
This road reach crosses the slope just below a drainage divide. The only 
problem here was that'the in-board ditch concentrated the overland flow from 
above and directed it into the C-8 channel. 

The outside edge of the road was pu1led back and the in-board ditched filled 
mostly by the excavator. The cat smoothed and compacted the outsloping to 
allow drainage across the road prism. 

l-2 " 
This landing, built ona ridge, was dry and stable. The level areas were 
drained by'a system of radiating ditches constructed by ARCa following 
timber harvest in 1977. 

These ditches are working well, there had only been minor rilling on the 
sides of the landing. There were no signs' of potential failure. This area 
was left as we found 1t. It was not ripped because this would have necessitated 
rebuilding the ditches. It was also considered useful to compare this 
radiating ditch system with other types of landing treatments. 

Above the landing, on the outside edge_of the switchback, road side cast 
and slash was p1ledup against old growth redwoods. The in-board ditch 
from the W-line above R-14 drained over the divide onto this unstable mess; 
tension cracks and small gullies were present. The additional water had 
been deposited in the channel below. 
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The excavator pulled back the oversteepened side cast and slash from 
around the bases of the trees, and the cat used the fill to eliminate the 
in-board ditch and outslope the ridge area, returning drainages to their 

natural basins. 

---R-14
concentrating and divertingThe in-board ditch of this road reach was 

surface flow across a ridge and adding to problems mentioned above. 
outsloping was done here almost entirely by the cat. It was outsloped 
rather than waterbarred because of it's proximity to the ridge, this 
disperses rather than concentrates flow in areas without defined channels. 

NOTE: Conditions and treatments were similar f~ l-2 to R-18 (includes- . 

C-9, C-10, C-ll, R-1S, R-16, R-17, 0-5, 0-6, 0-7), hence these were grouped
 
together.
 

C-9, C-10 and C-ll
 
These were all working 24 inch culverts with trash racks and half-rounds.
 
In each case the culvert was placed near the center of a swale, but there
 
was no defined channel above or below. The in-board ditch collected overland
 
flow from the bowls above the road, and ,where discharged from the culverts,
 
the concentrated flow had caused minor downcutting.
 

These culverts were removed by the cat and left as outsloped swales.
 

R-15, R.16 and R-17
 
This section of road had locally seepy cutbanks. The in-board ditch concentrated
 
and diverted flow to the culverts mentioned above.
 

To eliminate the problems associated with concentrating surface flow in
 
drainage headwaters, the in-board ditch was filled and the road was gently
 
outsloped. There have been a few very~inor shnps in the wetter sections
 
of the outsloping.
 

~i:.-lower (I accidently labeled 2 decks D-5)
 
This was a ridge deck, with steep slopes below. and with ponded water on about
 
half of its surface. If the edge of the landing failed, it would have had an
 
ldverse impact on the surrounding old growth.
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Ce The edge of the deck was pulled back by the excavator. The cat, used this 
material to fill the inboard ditch, and to rebuild a low drainage divide 
(to prevent water from flowing around the ridge to the next bowl). 

1)0-6
1)0-6 was 8 stable deck. built on a divide. There was some ponded water. but 
the main problem here was that the in-board ditch concentrated headwater 
runoff and carried it across the divide. 

This area is part of an archeologic site. To avoid further disruption of 
the site. the deck was not ripped. and the in-board ditch and ponds were 
filled with material removed from C-8. The rocked road surface was decom­
paced (12-18 inches deep) using the angled blade of the 1150 cat. A cross 
road drain was dug by the excavator on the upper side of the deck, to reopen 
the drainage from a broad bowl. and to break up any flow that might be 
coming down the road. 

~7 

This was another stable deck on a small divide. All that was done here was".,..' to outs lope the in-board ditch area with the cat• 

.' 
NOTE: The remainder of the W-line (the switchbacks) is discussed under 
Harding's Road as it was part of the original logging road system built 
in the 1950's. When the W-line was built. this section was widened and 
rocked. 
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HARDING ROAD: INTRODUCTION .. 
Harding Road was built in the early 50's. and was a major logging haul road. 
It started at the Bald Hills Road and 5wi:tchbacked down. mostly through 
grasslands to the base of Do1ason Prairie. The switchback area is commonly 
now referred to as part of the W-1ine. but has actually been in existence 
since the early 50's. The forested area to the south of the road was selec­
tively logged several times, beginning in the early 1950's. All yarding 
was done by tractor. 

I1 ~". r -.. , • .-, r 

The road passes over ephemeral and intermittent streams at 15 locations using 
humboldt crossings. Only three crossings re~ined intact with no erosional 
problems. Most crossings were plugged (or non-functional from the start?). 
and were diverting flow down the inboard ditch; gullying the ditch and the 
slope or channel below where the flow finally broke through the road. 

special problems arise in prairies due to road construction. Subsurface 
flow in the prairie soils (at least those underlain by interbedded sandstone 
and shale) is confined to the lower part of the Ahorizon (12-18 inches deep) 
by a less permeable. clayey 8 horizon. This means that road cuts or gullies 
intercept subsurface flow at an unusually shallow depth. and the continuous 
seepage increases bank sluffing. The shallow subsurface flow encourages 
gully growth by piping where the flow is concentrated in natural swales. 
Piping is accelerated, or initiated tn new area~when road cuts or gullies 
create free faces. allowing the soil-water to drain faster than normal. A 
major consideration in deciding to totally outslope prairie roads and gullies 
relates to this: hopefully7rebu~ing the seeping AlB horizon bounda~. the 
subsurface flow will remain in the soil. and piping will be decreased. In 
addition. prairies are of high aesthetic value in the park. Total outs loping 
eliminates the road scars. Gullies are harder to treat: those in natural 
swales will always car~ flow. because s·oilwater will c~llect there, even 
if the surface runoff feeding them is decreased. Gullies in unnatural 
places (ridges. etc.). created by improperly placed culverts or drains. can 
be successfully filled. We filled a 12' x 8' X 100' long gully (caused by 
the inboard ditch collecting flow from most of the switchback area of the 
prairie. and discharging it onto a slope adjacent to~but not 1*,a natural 
channel.). which is so far doing fine. There may be a linrit to what can 
be filled but we might as well t~ SOlIe bigger ones and see what happens .•.. 
if the fill doesn't hold. it probably won't look that much worse than it 
did to begin with .••••• hopefully the fill won't go straight to Redwood 
Creek. 
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some of the biggest erosional scars on Delason Prairie were caused by plugged 
or non-functional hurrboldt crossings on Harding Road. The sequence of events, 
or at least the causes are briefly described here. 

Flow from H-6 was diverted down the road to H-S, and had enlarged the inboard 
ditch for 450 feet to a 7' x 3' gully. The combined flow of two drainages 
washed 'out the road at H-5, but caused only minor enlargement of the channel 
belaw: ·'Flow at H-4 remained within it's drainage. but had washed out 50 per­
cent of the crossing fill. 

H-3 did not function, and flow ran down the ditch to C-12 for 500 feet. 
enlarging it to an average of 4' x 3'. 

C-12 had a culvert but the inlet was 12 inches above the bottom of the ditch, 
so the combined flaw from C-12's and H-3's channels continued down the ditch 
for 200 feet to 5-13. The ditch here averaged 5' x 5'. 

5-13 encompasses two small channels. One (left fork) was simply filled and 
the fiow diverted down the ditch to the other channel (right fork) which had 
a humboldt crossing. The combined flow from the three non-functional 
crossings caused the humboldt crossing to wash out. This lowered the base 
level for the inboard ditch, initiating downcutting. A 12 foot high head­
cut developed which retreated 100 feet to the left fork, causing erosion of 
about 100 cubi c yards, of the fonner divi de between channels. (The rate of 
retreat can be observed in old air photos.) 
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HARDING ROAD SITE-SPECIFIC DETAILS
 

H-l was expected to be a Humboldt crossing but no logs were uncovered during
 
excavation.
 

This drainage was left as shallow swa1e. and contours were blended with the
 
outsloped road. Secondary treatment consisted of a heavy application (3-4" deep)
 
of straw.
 

somewhat of a hump was left at the outside edge of the road. and a small amount
 
of erosion (rilling) has occurred here.
 

!i:! 
H-2 was a very small Humboldt crossing on a wooded prairie channel. The exca­
vator and cat worked on this, with the cat doing the initial dirt removal, and 
the excavator defining the channel and placing rock. 

The lower part of this stream splits, flowing around a medium-aged clump of 
redwood trees. Initially. only the left side was rocked but runoff from the 
December 2, 1980 storm overtopped the rocks and flowed down the right side 
as well, causing same downcutting. T~s side has now been protected with locally 
gathered rock. 

RLQ-21 

Road construction here initiated slumping and gullying in the slope above. 
The slope has been stabilized by young Douglas fir, but surface flow and seepage 
were still carried by the inboard ditch to an active eight foot deep, six foot 
wide gully. Rocks had been dumped in the headcut, but flow had cut around the 
rock. Causing continued s'de bank failure. 

This area was gently outsloped (allowing flow to disperse) using fill perched 
abOve a newly constructed channel (W-l). This fill had to be moved about 75 feet •. 
Which explains the higher outsloping cost here. 

The banks of the gully were laid back, and the rocks placed more effectively by 
the excavator. 
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Some rilling and minor slumping occurred on the slope where fill was pulled 
back. This was effectively treated by spreading additional straw mulch. 

This swale was filled with dirt when the road was constructed, and its flow 
~aS diverted down the inboard ditch. Fill was removed by the excavator and 
cat in the usual way. Below the road, the flow fanned out in a level area. 
Check dams were installed in this channel. One needed to be repacked with 

rocky fill; all are now working well. 

5-8 was another dirt-filled swale, opened by the excavator and cat. The chan­
nel had fairly steep side slopesi surrounding cut banks were high. These 
factors combined to make removal and outsloping of the fill more time-consuming 
than usual. 

This channel has a fairly even grade (35~), and not much flow was expected. 
Labor intensive treatment consisted of .a heavy application of straw (4-5" deep), 
held in place by jute netting. This worked fairly well, except in the lower, 
slightly steeper section where about a foot of downcutting occurred under the 
jute netting. 

0-4 was a wide switchback corner. Inboard ditch flow collected along R-23 
was directed onto the slope, partly through a culvert and partly across the 
road, creating several gullies down the steep f111 face. Cutbanks were 10-15 
feet high. 

The crane spent a long time here pUlling~up material thought to be beyond the 
reach of the excavator. The crane is an inefficient way to move large volumes 
f fill. The crane removed the culvert. which was also extremely inefficient. 
he Cit probably could have done it in 1/3 the time. The crane also needed the 
at to remove his accumulated piles of fill. meaning that the excavator was left 

alone for periods up to several hours. This decreased excavator efficiency. 
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outsloping of this area was completed by the excavator and cat. The excavator 
finished ahead of the cat and started work on outsloping R-23. 

R-Z3
The lower part of this section of road had slumping cutbanks, vegetated with 
braken fern and juncus. There was also a large gully or slump, plugged with 
rock. above the road. However, no seepage, and only a minor amount of water 
in the inboard ditch, was observed during the mapping phase (March-April-May). 

This road was outsloped by the excavator and cat: the excavator pulled up the 
road sidecast, and the cat worked it into the ditch and cutbank, blending out­
sloping with natural contours as much as possible. In this section of road, 
the excavator got ahead of the cat, and the cat operator felt rushed to catch 
up. Consequently, the fill was not compacted as much as in other areas. The 
terrain here was also very steep, making cat work more difficult. 

These problems, in conjunction with more seepage from the slumps and gully than 
expected and possibly with not having ripped the inboard ditch, has caused 
several small failures in the outsloping. Another contributing factor may be 
that in order to end up with top soil 6n the surface, all the road rock was 
pushed toward the ditch. creating a French drain effect. Flow from these failures 
may have been concentrated again on the unripped inboard ditch of R-22, causing 
a large "blowout" in the outsloping on a very dry section of road. However, these 
failures seem to blend in with the slumpy nature of the surrounding slopes. 
(For details on these failures, see the December 1980 storm notes). 

D-5 and S-lO 

~5 was another wide switchback corner on steep terrain. Road construction 
initiated· slumping and gullying on the sJope above. This was still active and 
very springy during the mapping phase. Inboard ditch drainage fMOm R-24 and 
the slump area crossed the road and created a large gully (12' wide by 8' deep) 
down the steep fill slope. A lot of boulders had been dumped in the headcut 
for energy dissipation. 
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• The crane worked here. supposedly pulling up the lowest portion of the side 
cast. However. he ended up working on the upper part of the slope as well. 
which was within reach of the excavator. We finally realized this and decided 
to let the excavator finish the job. 

To help drain subsurface flow from the slump area, a crude French drain (using 
3-8" diameter road rock) was constructed using the old inboard ditch. A swale 
was dug across the road, directing slump drainage into a natural prairie swale 
below the road. 

The wet cutbanks of the slump were not completely outsloped, but were contoured 
to drain into the swale. We decided to fill the gully because it was faster 
for the cat to push dirt down into it than to have the excavator lay back the 
sides. 

This area has held together very well, so far. There is no evidence of subsurf~Ge 

flow in the filled gully. The swale was treated with a heavy application of 
straw (3-4") and only very minor downcutting (rilling) has occurred. 

R-24 

R-24 was a road reach whose inboard ditch was causing the problems mentioned 
above. 

The road was outsloped by the excavator and cat. Three small, actively piping 
gullies (migrating headward from the cutbank) were plugged with large rock 
(2-3' diameter) and dirt. and then outsloped. 

Asmall failure with continued seepage occurred in the vicinity of the outsloped 
gullies. In a nonnal or heavy winter. these may blowout, but hopefully. the 
rock will prevent this. 

R-25

R-25 was another very large switchback corner, which cut through a ridge. Al­
though there were no major drainage problems, it is a highly visible grassland 
ridge and this area was outsloped completely. At the new end of the W-Line. 
• culvert was removed and replaced with a cross-road drain. 
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R-26;;..- ­

R-26 was outsloped by the excavator and cat. We buried a major spring about 
100 feet to the right of 5-13. This section, about 10 feet across, failed mud 
flow-fashion, during the first (and only) major storm of the winter. It now 
resembles a spring drain intensionally constructed by the equipment. However, 
it was probably cheaper to completely and uniformly outslope the area, than to 
work around the spring, shaping a spring drain. By outsloping over springs or 
seeps. you have a chance that it will remain in place. If it does, the area 
looks that much better. If it doesn1t, you at least have a naturally constructed 
drain, which may be more stable than one designed by people. 

The channels through this blown-out crossing (described in detail in the Harding 
Road introduction) were reconstructed by the excavator, with dirt removal support 
by the cat. Rather than returning the spring flow to its natural swale below 
the road, it was left joining the main channel where we found it. Its channel 
was widened and the 12 foot vertical side slopes were laid back. If we had 
returned it to its natural channel, downcutting would undoubtedly occur because 
its base level had been lowered by about 10 feet due to downcutting in the main 
channel (natural swale 1s· now a hanging valley). There would also have been 
problems keeping the flow from its now well-established gully. 

The right fork was also widened and its sides laid back. The logs of the old 
HUmboldt crossing were left in place (embedded in the bank) because the stream 
had already reached an even grade adjacent to them; they were actually helping 
stabilize the bank. 

The slumping, springy cutbank between the two channels was laid back, and a 
bench was left to catch and prevent failure material from plugging one of the 
channels. 

Both channels were rocked. One problem arose here in that rock was stockpiled 
o~ the wrong side (the beginning side) of the channel. We had changed our 
approlch direction after rock was dumped. The backhoe was used to ferry rock 
to the other side. and also to place some rock directly into the channel. The 
remainder of the rock was placed by the excavator. 
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These channels required quite a bit of labor intensive work, rearranging the 
rock. We could have definitely used more rock here. We were faced with a 
choice of putting rocks in the center of the channel, preventing downcutting, 
but deflecting flow into banks, or placing rock on the sides, but allowing some 
downcutting. We chose the latter, but then readjusted some rock after the 
first heavy stonm to stabilize the small headcuts which developed. 

t 27 , 28, 29 and 30 

These prairie road reaches, mostly all with gullied inboard ditches, were all 
completely outsloped by the excavator and cat, using both sidecast and fill 
from crossing. The cat was kept constantly busy, moving dirt and compacting 
the outsloping. All seeps were buried. 

There have been a few minor slumps in the outsloping, but no significant 
fai 1ures. 

This non-functional culvert was removed, and the channel completely excavated 
and shaped by the cat. 

," 

It has an even, gentle· gradient (251) and is a minor channel, so treatment was 
limited to a heavy application (4-5") of straw. 

The straw has worked exceptionally well. After the first storm, there were only 
a few inches of downcutting. The straw was moved out of the main flow route, 
but tended to clump, creating little nickpoints and meanders (see storm photos 
145-47) • 

-
intact, was removed by the excavator and the cat. The cat did most of the 

jor dirt removal before the excavator took over, resulting in the gentle side 
lopes. Checkdams were used for the secondary treatment here. They were 
esigned as mini-checkdams with 6 inch effective height, and 6-10 inches of 
nprotected channel fall between dams. These were the most expensive per check­
am for reasons discussed in the labor intensive section. 
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The rock that was placed below each splashboard was not staked in place, and 
waS moved during the December, 1980 stOMm, resulting in 6-10 inches of downcut­
ting below each dam (see storm photos 155-59). If mini-dams are used in the 
future, it is important to make sure that either rock is staked in place on the 
unprotected section of channel fall, or that the rock is big enough not to be 
carried	 by storm flow. 

A hump was left in this channel, between the excavated reach and the natural 
channel below. About 2-3 feet of downcutting occurred below the last checkdam 

This should have been excavated more completely, or more checkdams installed. 

a partially blown-out Humboldt crossing, removed by the excavator and 

We left a log in this channel, in the right bank. It was discovered after we 
had finished that sides lope, and to remove it would have entailed redoing the ,e ':	 entire side. It looked like if we left it in place, it would provide slope 
support and prevent side bank erosion•. 

ocks were placed along the bottom of the log to prevent undercutting, and along 
he rest	 of the channel by the excavator. Only minor hand adjustment was required. 

-5 had blown-out and reached an even grade, but access forced us to fill it. 
he fill was then removed by the excavator and the cat. A very large rock 
outcrop 1) at the end of the channel was left in place. It was acting as a 
table base level for the channel, although it may cause s~ erosion if high 
lows are deflected into the bank. 

. 

his channel was sparsely rocked. It dOWncut about a foot in some spots, but 
drock is now exposed and it appears to have stabilized. 
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H-6, intact, was worked on by the excavator and cat in the usual way, with the
 
cat doing the initial fill removal.
 

Several logs were removed from this crossing and it was left at an even grade
 
which blended well with the natural channel above and below. However, the first
 
winter storm uncovered two more logs at the bottom of the channel.
 

This channel was rocked, but could use more rock. There was a choice here
 
similar to that at 5-13: protect the sides or the bottom. We chose the sides
 
again, and there has been 12-18" of downcutting locally. Downcutting is now
 
limited by the logs. Hopefully, flow will not erode around or under the logs
 
in the future, but it is a definite possibility.
 

H-7, blown-out but refilled for access, was removed by the excavator and cat
 
in the usual way. There were some very large logs in this channel. There may
 
still be one left, or it may be a stump; neither piece of equipment was able to
 
remove 1t. 

.'
 

Flow from the major spring to the right of the channel was channelized into a
 
broad drain, which joined the natural channel just below the excavation.
 

The main channel was rocked by the excavator, with only minor hand adjustment
 
required. The spring channel was left unprotected but covered with straw. It
 
has an even grade and has not downcut.
 

H-8, intact, was an unusual crossing. There was an indistinct channel below,
 
totally thrashed with 10gg1ng debris. There was no channel above, but there
 
~as a spring. Several logs were removed here, and taken down R-40 and buried.
 
The channel was left as a broad swale and rocked. Initial rock placement was
 
by the excavator; however, most of the rock was stockpiled too far away for
 
him to efficiently move it. We ended up gathering and placing about half of
 
the rock by hand, with help from a Redwoods United crew of four.
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unfortunately. there was less flow than expected. so this labor intensive. 
unpleasant job. was probably not necessary. Straw would have worked fine. 

H-9 
~ 

H-9. blown-out but refilled for access, was removed by the backhoe and an ancient 
0-6 cat. The 0-6 was able to work down over the crossing, preparing the site 
for the backhoe, but could not effectively outslope because of its blade. In 
order to change the angle, the operator, or more commonly the geologist or tech, 
had to get out. pull some pins and move the blade manually. 

Since it was impractical to do this between each pass, it meant that to keep it 
from side casting fill off the edge of the road, it could only push dirt from 
one direction; therefore moving dirt usually took at least twice as long. This 
cat was also continually breaking down. Either the backhoe had to move the 
fill in its loader bucket, or we had to pull the 1150 away from the excavator 
to hel pout. 

There were also s~ problems with the backhoe. It had a very small bucket, 
about 1/8 cubic yard most of the time, and because of its limited turning radius, 
it was often impossible to directly move each bucketful out of the channel. Each 
bucketful of dirt was usually moved 3-4 times before it was within reach of the 
cat. These are limitations inherent to backhoesi however, we had an excellent 
operator. 

This particular crossing was not as deep as many others done by the backhoe, so 
moving each bucketful several times was not necessary and this ;s reflected in 
a reasonably low cost per cubic yard. 

This channel was rocked by the backhoe. Only minor adjustments by hand were 
necessary. 

H-10---....
 

H-10, blown-out but refilled for access, was removed by the backhoe, with assist ­

~, 

Ince from the Mesozo1cA cat. The backhoe had problems laying back the side slopes 
to a stable angle. Had the 0-6 been more maneuverable, it could have helped by 
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back-blading the fill from the channel. The backhoe bucket was so small that it 
seemed to take forever to move the volume of fill necessary to de-steepen the 

slope. 

Finally. the 1450 Case with a 6-way blade was brought in. and in half an hour. 
it did what might have taken the backhoe several more hours to do. 

This channel has a very even. gentle gradient (lO~). Four mini-checkdams were 
installed here with about 4 inches of unprotected channel fall between each dam. 
These worked well here; however. in retrospect. this channel could probably have 
been left unprotected. 

H-10 1/2 

This small. partially blown-out. Humboldt crossing was removed by the backhoe. 
The backhoe was able to borrow a much larger bucket for several days and this 
definitely increased its efficiency. 

This channel was left unprotected. During the December storm. a 2.5 foot headcut 
developed and migrated about half way up the excavated channel. We added as 
much rock as could be found to the channel and hopefully. this has stabilized 
the headcut. 

&M 
This long road area was totally outsloped, mostly by the 1450 Case. The backhoe 
pulled back the edge of the road near H-l1. where the slope was too steep for 
the cat to push uphill. 

Seeps along the AlB horizon boundary were successfully buried. However, more 
•

flow t~an expected emerged from a spring above the road, which is the source of 
the flow at H-10 1/2. Subsurface flow from this area caused a major blow-out 
in the outsloping below. It is morphologically similar to the one in the switch­
backs (R-22), but this one has sustained flow and evidence of piping. No water 
has been observed in the R-22 slump s~nce it occurred. We should have created 
• 5wale in the outsloping here, which would have directed flow toward H-l0 1/2. 
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This Humboldt Crossing, beginning to collapse but still working, was removed by 
the backhoe. Fill removal and surrounding outsloping was done by the 1450 Case. 
An open spring drain was constructed using the old inboard ditch, draining a 
cutbank spring to the left of the channel. 

he lower part of the drain is much steeper than the upper part and downcutting 
as occurred in the "hump" area. Most of the sediment was deposited behind the 
op checkdam. This deflected channel flow into the side bank, causing some ero­
ion, and may have helped initiate leakage around the top check dam. 

e bottom check dam leaked on both sides because of being packed with rock. For 
re details, see the winter maintenance section. 

wncutting associated with failure of this checkda~ has exposed a log which 
part of the Humboldt crossing. This was not observed during the heavy equip­

t phase; it 100ked like a natural 'channel nickpoint. If we had noticed this 
removed it, we would have had a better match between excavated channel grade 
the natural channel below. 

Humboldt crossing was partially blown-out, with a steep-walled, even graded 
nel through the fill. The channel was filled for access and the fill removed 
he backhoe with cat assistance. The D-6 worked down over the crossing, 
ibuting fill up and down the road. It broke down (again), and was replaced
 
e 1150 C. Efficiency of the backhoe increased dramatically. The 1150 CiS
 
tor was able to maneuver his cat further into the channel to retrieve fill
 
ing the need for the backhoe to move each bucketful multiple times.
 

lower end of this crossing, 3-4 large logs had been stacked perpendicularly 
the channel. Removing them would have required deepening the excavation 

rly 8 feet. They looked very stable and there was little seepage emerging 
them, so we left them. Aspillway was cut in the top log, and it is acting 
heckdam. 

annel was rocked by the backhoe. Some hand adjustment was necessary.
 
it is working well.
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H-13-
H-13 was a large Humboldt crossing, on a well-incised channel. Flow had eroded
 
through the fill, leaving a steep-walled, even graded channel. However, this
 
was filled for access reasons. The excavation was done by the backhoe, with
 
assistance from both cats (the 0-6 broke down again). This and H-1S are the
 
deepest channels done by the backhoe. One log was left in the bank.
 

This channel was rocked by the backhoe, with only minor hand adjustments neces­

sary, and is working well.
 

fr:1!
 
This intact crossing was removed by the backhoe, with assistance from the 0-6.
 
This crossing was fairly expensive because of redoing a side slope. We origi­

nally thought it could be done without disturbing several 12 inch diameter trees
 
on the lower outside edge of the fill. However, the slope looked too steep to
 
remain stable, so the trees were finally removed and slopes laid back more.
 

This channel also appears to have at least one log left in it; however, most
 
of the flow is on the surface.
 

This channel was rocked by the backhoe. Only minor hand adjustment was required.
 

H-15
 

This deep Humboldt crossing, about 50S blown-out, was removed by the backhoe and
 
0-6. There are springs on both sides of the" channel. Open drains were provided.
 
The left side slope is steeper than we would haye liked. A small slump has
 
occurred here •
. 
This channel was rocked by the backhoe. Very little hand adjustment was required.

-" This excayation is working well. 

H-23-
H-23 was I failing skid trail crossing, remoyed by the backhoe and 0-6 cat. This 
crossing had to be partially filled in order to get equipment across for laying 
back the left bank. I am not sure this was worth doing. 
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( O-LINE AREA 

D-line area includes H-16 and R-40, H-16~, H-17, H-18, H-19, H-20, H-21, H-22, 
Delason Creek, L-3 and all surrounding roads. Only a few crossings are discussed 
in detail. 

This area was tractor logged in 1971-2. Drainages were plugged with Humboldt 
crossings, but most were still intact. H-16 and dolason Creek had caused the 
greatest amount of erosion, diverting flow out of" the natural channels and 
gullying the slopes below. 

Six crossings were removed by the excavator and 1150C. These crossings were 
very closely spaced, so the intervening road reaches were outsloped with cross­
ing fill. Road costs were included in the crossings. 

Not all of these crossings were completely excavated; logs are now visible at 
H-l9, H-20, H-21 and Dolason Creek. However, it looks like (hopefully) most 
of the flow is now on the surface, and the rocks should help prevent major 
problems in the future. 

H-16 and R-40 

H-16 was an intact Humboldt crossing on a skid trail (R-40) angling down the 
slope. Flow from this well incised drainage was diverted down the steep skid 
trail and had eroded a large gully (10' wide X 10' deep, average), paralleling 
the natural channel. 

The excavator removed logs from the channel, plugged the gully with fill, and 
built up the blown out bank (with logs and fill) to keep flow off the skid trail. 

Fill removal. winching, stump burial and outsloping of the gully area were done 
by the cat. Some of the fill from H-20 and H-22 was also used to fill the gully. 
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Check dams and a chicken wire slope support fence (invented and patented by
 
Ms. Louise Johnson) were installed here and are working well. 

I

H-16,? H-17 and H-18
 

These three crossings were left as we found them, for access and vegetation 
1 reasons. 

H-16~ and H-17 were 25 year old blown-out crossings. Flow at both sites had 
erodet through the fill, leaving narrow steep-walled channels. Banks are revege­
tating and stabilizing on their own. H-18, on Dolason Creek is only 8-9 years 
old and probably should have been removed. Flow is starting to erode through 
the fill. there is a very slight chance flow could be diverted out of the channel 
eown a skid trail. However, removing this crossing would have meant filling H-17 
for access and. eliminating dense stands of 25 year old trees growing along the 
skid trails. 
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LABOR INTENSIVE WORK: SUMMARY
 

The majority of labor intensive work (excluding vegetal treatments) on this 
site was done by Redwood National Park's labor staff: W. Quinn, Jason 
Miller, Rick Abrams, and Daryl Slawnokowski. Larry Hester and lim lanno 
also worked briefly on the site. Supervision and assistance was provided 
by Louise Johnson and Bob Mallonee. 

During the heavy equipment phase, two laborers (Quinn and Miller) worked on 
the site brushing work and access areas. providing winching assistance, and 
towards the end. starting on the secondary treatments. 

Secondary channel treatments consisted of rocking. check dam construction. 
or combinations of straw and jute netting or curlex. 

Straw mulch was spread over the disturbed ground to discourage surface 
erosion and rilling, and to improve soil moisture conditions for vegetation. 

Other miscellaneous tasks were completed as necessary. 

Table 5 
.. 

LABOR INTENSIVE COST SUMMARY 

Check dam construction 
Rocking of channels 
Jute netting and cur1ex 
Straw 
Douglas-fir and shed removal 
Chicken wire slope support fence 
Skid sled 
Other labor intensive costs 

Total Cost* 

Percent of 
total labor 

Cost intensi ve cost 

$4.109.89 35.5% 
1.247.02 11% 

801.13 7% 
1.502.38 13% 

410.85 3.5% 
43.20 
75.60 

1% 

3,332.44 29% 

$11.522.51 100% 
Pay rates listed in the fonowing tables are:
 
GS-9. $8.18/hr; GS-5. $5.40/hr; CETA, $3.10/hr; WG-3. Step 1, $6.75/hr; WG-3.
 
Step 2, $7.03/hr; WL-3, Step 2. $7.74/hr; WL-3. Step 1, $7.43/hr.
 

*These fi gures do not inc1 ude cost of mater; a1s ". .
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Table --L 

Unit Costs for labor Intensive Work 

Item Quantity Cost Unit Cost 

Check dam construction 41 $3,442.06 $83.95 ea. 
Rocking of channels 5.514 ft. 2 990.09 .18/ft. 2 

Jute netting and curlex 2.828 ft. 2 801.13 . 28/ft. 2 
Chicken wire slope support fence 40 ft. 2 43.20 1.08/ft. 2 
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Check Dam Construction 

Cost include construction and transport of equipment and materials to each 

sped fi c sHe. Does not include costs to mill the redwood boards. 

Table 7 
Unit Person- Cost/

Si te IDams Cost Hours Hour Cost Subtotal 
~~ 

'., 

~, C-5 6 $ 12.05 5 $7.43 $ 37.15 
'., 
-t 5 7.03 35. 15 $ 72.30 

$ 
J 

'~ 

H-l0 4 88.18 24 7.43 178.32 
16 7.03 112.48c.,~ 

• 8.:~- 7.74 61.92 $ 352.72 
~;'t 

~'r 
,?" H-16 7 84.70 24 7.43 178.32 
'£ 
-' 
;)~ 24 6.75 162.00 
ti 24 5.40 129.60~ 
:jJ 8 3.10 24.80 

12 8.18 98.16 $ 592.88 

H-3 5 202.53 16 7.43 118:88 
28 7.03 196.84 
92 6.75 621.00 
8 5.40 43.20 
4 8.18 32.72 $1,012.64 

S-7 8 75.64 76 6.75 513.00 
11 5.40 59.40 
4 8.18 32.72 $ 605.12 

W-l 6 (sm) 62.10 36 6.75 243.00 
24 5.40 129.60 $ 372.60 

.. 
H-ll 5 86.76 30 7.43 222.90 

30 7.03 210.90 $ 433. SO 

Totals 41 509 $3.442.06 

NUrrber of Check Dams ~ 41 Cost of Lessons (29 Person-Hours) ~ 190.37 

Unit Cost e $B3.95/check dam Initial moving costs of check dam 
boards to each specific site ~ 477.46 

(42) TOTAL COST $4,109.89 



COMMENTS: 

Unit Cost is comparitively high because stream excavations were made to match 
the natural side slopes above and below. requiring wider check dams than 

(	 anticipated. Many check dam boards were also narrower than expected. because 
of splitting during handling and transit (possibly due to being unseasoned 
wood). In order to build dams to desired effective width and height. much 
time consuming splicing was required. Also most dams failed at these splice 
points. 

:~. -... . ~-.,... 

V.5. _~; h-,-::.- _ 
: ' ~. >- "-	 ._' 
'~.;~	 .,~ 

"'J__ _ -'...;.' .!.- ' _ '~ •~ V --weak poi nt I: ---. ---.- -­
need a splice 
board to prevent
lea kage. 

Personnel problems at H-3 helped drive up the cost per check dam. Our 
ori gi nal two 1aborers were to be laid off. requi ri ng new people to be trained. 
It seems that efficiency goes down when there are more than two people 
working on a channel (more tinE tends to be spent ·shooting the breeze"). 
We also had severe motivation problems with one of the laborers who was to 
be laid off he basically refused to work for the last two days. A 
final factor which increased cost was that rock. used to help protect stream 
banks. had to be gathered at a greater than average distance from the 
channel. 

The unit cost at C-5 is low because no splash boards were constructed on 
four of the six dams; these four are submerged spillways. 

Rocking	 of Channels 
» 

Channels were rocked initially by heav] equipment. Labor intensive work 
included placement and adjustment of rocks in each channel. and locally 
gathering smaller roacks (4-12- diameter) to fill the gaps (chinking). 
Hand placement/adjustment of rocks [in the channels after heavy equipment 
finished] took longer than anticipated because of the exceptionally large 
stock supplied by Ted's Construction Compa~ (W-line Rockpit). Large 
rock is not only heavy but leaves large voids, which requires more chinking. 
and also may block or divert flow. 
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l,__B Are~ Person- Cost/ 
Site ( ft. ) Hour Hour Cost Subtotal 

.;,t. 

.,"'t' 

,-
0-5 250 . 3 $7.0:) $21.09 

6 5.40 32.40(e 
" 

3 8.18 24.54 $ 18.03 

5-1, 2, 3 800 6 7.43 44.58 
8 7.03 56.24 
3 5.40 16.20 
2 8.18 16.36 133.38 

C-4 412 1 7.43 7.43 
6 7.03 42.18 
1 5.40 5.40 55.01 

C-5 300 1 7.43 7.43
 
: 1 7.03 7.03
 
"~'. 15 5.40 81.00 

7 8.18 51.26 152.12 

C-8 264 9 7.43 66.81 
9 7.03 63.21 
5.5 5.40 29.70 
5.5 8.18 44.99 204.83 

I;"..: 
'Ji. 

I-
.',it H-12 300 4 7.43 29.12 

4 7.03 28.12 

7 5.40 31.80 95.64
'., , . 

00llson Creek 1150 10 6.75 67.50 
10 5.40 54.00 

5 8.18 40.90 162.40 

H-22 399 2 6.75 13.50 

2 5.40 10.80 

1 8.18 8.18 32.48 

-4 6.75 27.00 21.005-13 400 

H-5 294 2 6.75 13.50 

2 5.40 10.80 24.30 

H-6 285 2 6.75 13.50 

2 5.40 10.80 24.30 

~, TOTALS: 5514 ft. 2 $990.09 
. ")t., 

, .; 

'L 

l' 
~ 

~ 

Total area rocked = ~514 ft.2'~. ijnit Cost e $.lS/ft. 36 hours mi sc. chan~l rocking = 256.93 

$1,241.02(44) i 



COMMENTS:Iei 

\
Miscellaneous channel rocking hours include chinking while heavy equipment 
was still working at the channel (which commonly totalled less than one-hour 
per channel), and other short periods of chinking, often at several places 
in an hour. 

Rock adjustment varied from moving only a few rocks to total re-arrangement 
per channe1. 

~. 

\
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• Jute Netting and Curlex 

Jute netting and Curlex was Bpplied to channel side slopes, channel bottoms 
and road outs lopes. Costs include transport of materials and equipment to 
each specific site. 

Table 9 
Area Person- Cost/

Site Type (n. 2) Hours Hour Cost Subtotal 

C-8 J 960 8 $6.75 $ 54.00 
38.5 5.40 . 207.90 

, 34 8.18 278.12 $540.60 

';,J S-7 J, C 400 4 5.40 21.60 
,~ 4 6.75 27.00 . 48.60 

.~!. 

S-8 J 928 3 6.75 20.25 
16 5.40 86.40 
7 8.18 57.26 163.91 

~5 C 500 6 5.40 32.40 32.40 

W-l C 40 3 5.40 16.20 16.20 

TOTALS: 2828 123.5 .$801.13 
. 

J c Jute netting Total Area c 2828 ft. 2 

C c Curlex Unit Cost c $.28/ft. 2 

... 
_.~. ' 

COMMENTS: 

The Curlex netting fiber which holds the aspen shavings together has a 
tendency to tangle and become detached from the shavings. Also, because 
of its "fluffy" nature (as opposed to fute, which is heavier and confonns 
to ground contours), animals seem to get tangled in the netting and have 
pulled it loose in several places. 
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( Straw 

Straw costs. include the initial placement of bales on the site, storing and 
retrieving straw from the feed barn on the airstrip rehabilitation site 

I 

(used this fall, after rains began). helping the vegetation crew seed and 
spread straw. and moving straw for Doug Lane's mule team to tarry to in­
accessible sites needing a greater application of straw for erosion control 
purposes after the initial vegetation work had been completed. 

Table 10 

Person- Cost/
Category Hours Hour Cost Subtotals 

Moving 8 $7.03 $ 56.24 
14 6.75 94.50 
12 8.18 98.16 
30 5.40 162.00 
8 -3.10 24.80 

32 Redwoods United 252.51 $ 688.21 

Spreading 18.5 7.43 137.46
 
8 7~.03 56.24
 

16 6.75 108.00 

17 8.1,8 139.06 
20 5.40 108.00 

, 64 Redwoods United 265.41 814.17 

Total Cost j1,502.38 

(47)
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(. Boug1as-fi r and Shed RelOOva 1
 

The removal of young Douglas-fir trees was suggested by Steve Veirs as part 
of the prairie restoration program. These trees are among the first to invade 
disturbed ground (cut banks and road side cast). and result in "unnatural" 
lines of trees across the grasslands. There removal a1sQ facilitated out­
sloping through the prairie. 

The lean-to metal shed on upper Do1ason Prairie (located on an archeological 
site) was dissassemb1ed and removed per Ann King Smith's (park archeologist) 

:; 
c­

~ 
~~ 

;~ 
. '., 

...... 
, .. 
: "" •I

:~ 

~ 

recOlTlTlendation. 

Table 11 

Category 
Person-
Hours 

Cost/
Hour 

Doug1 as-fi r 18.5 
15 
7 

$7.43 
7.03 
5.40 

Shed 9 

9 

7,;43 

7.03 

i 

! 
.. 
~ 

: 

Chicken Wire Slope Support Fence 

Cost 

$137.46 
105.45 
37.80 

66.87 
63.27 

Total Costs 

Subtotals 

$280.71 

130.14 

$410.85 

I­ A chicken wire fence was installed on the left channel bank at H-16 to protect 
the stream channel from being obstructed by falling slope debris. 

',~.I.· Table -lL .. '.....· ..o/.~;.
Person­ Cost/

•• 0, Site Area Hours Hour Total Cost 
- ~ 

'~t ' 

~.'.~' H-16 40 ft. 2 8 $5.40 $43.20
~-'$ 

.~',~

-'"
 

"~e Unit Cost • $1.08/ft. 2
 

(48)
 

i 



Skid Sled
 

Ie The skid sled (designed to be pulled by a cat) was constructed to trans port
 
straw or check dam boards to areas inaccessible by truCk. 

Table 13 
Category Person-Hours Cost/Hour Total Cost 

Skid Sled 14 $5.40 $75.60 

Other Labor Intensive Costs 

During the early part of the heavy equipment phase, the laborers spent many 
hours "assisting" heavy equipment. Often they would only be needed for a 
few minutes at a time for winching, choker setting, etc. Since this time 
was not spent working on a specific project it was not categorized. These 
hours also include travel (to and from work sites), training and/or receiving 
instructions, counseling, breaks, camp maintenance, and other standby time. 

Total Hours s 470 

Total Costs.= $3,332.44 

(49)
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WINTER MAINTENANCE
 

Check Dams 

seventy-six percent of the check dams required some maintenance with unit 
repair cost of $7.60 each. The types of failures included splice board 
leaks, check dams packed with rock and dirt instead of dirt alone leaked or 
blew out at the base, splash boards became suspended due to downcutting 
below, and leaking due to the lack of splicing between the top and bottom 
boards (mentioned in Labor Intensive section). 

Table 14 

Site Quantity 
Person-
Hours 

Cost/
Hour Cost Subtotal 

H-16 7 7 $5.40 $37.80 $ 37.80 

C-5 6 4 5.40 21.60 21.60 

S-7 8 . 6 6.75 40.50 40.50 

H-ll 5 8 5.40 43.20 
8 8.18 65.44 108.64 

H-3 5 2 5.40 10.80 
2 8.18 16.36 27.16 

TOTALS 31 37 $235.70 

Total Cost =$235.70 Unit Cost • $7.60/each 

COMMENTS: 

At H-ll we had to reroove an enti re check dam (bottom one) because the water had 
blown out around both sides of the bottom board. Failure occurred because the 
dam was not properly spliced when constructed, and it was packed with large 
rocks and a small quantity of dirt. 

(50)
 



The check dam was replaced with as much rock as could be found; rock was staked 
in place. However, downcutting is continuing below the stakes, and some of the 
shorter stakes have been undermined, but the rocks so far are remaining. The 
channel drops off steeply here and it appears that there is at least one log 
left in the crossing, which either was not visible or was not noticed during 
excavation. If this had been seen it would have been removed and a steeper, 
but more even gradient channel would have resulted . 

• 
At H-3 and H-11 the splash boards became suspended due to downcutting below. 
This required lowering the splash boards, thus increasing the effective 
height of each dam. These mini check dams were an experimental attempt to 
save on labor costs by reducing the number and size of check dams in prairie 
channels with a gentle gradient and low flow. They were designed to serve 
three main purposes: provide frequent stable base levels; keep flow centered 
in channel; and provide sediment storage for what might wash down from the 
rehabilitated area. Rather than leveling between dams, they were left with 
4-6 inch effective height to catch sediment and minimize fall distance, and 
thus potential energy, of water flowing over the spillway. The main rock 
was washed away from the splash boards. Either larger rock or staking the 
rock in place would have worked. This was tried later at H-11 after. the 

'" rock was moved by the storm. 

~ --weak point ~ 
need a sp1;ce"'..~ 
board to prevent--, " ~,..-:::':---- - - \' leakage.

I ';" ~ 

: ~:~-::-~_,:"_~--=:::','_._. ,_,'-__ __---:.~oj?} 

The rocking of the failed check· dams needed to be replaced with dirt, and 
a few needed splice boards. 

·..(. 

''!.'
", 

,:,,' 
''-',~ 

" 
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~ Rocking of Channels,. 
Winter maintenance in rocked channels consisted of adjusting rock placement 
to prevent stream bank erosion. Commonly the large rock diverted flow out 
of the center of the channel. around the rocks and into the banks. Rocks 
were rearranged manually using pry bars and rolling or carrying rock from 
the center of the channel to the banks. In some cases extremely large 
rock (up to 4 feet in diameter) was dumped mid-channel by the heavy equip­
ment and could not be moved manually; these are continuing to cause some 
erosion. 

Table 15 

Area Person- Cost/ 
Site ( ft. 2) Hours Hour Cost Subtotal 

H-22 399 6 $6.75 $'0.50 
2 5.40 10.80 
2 8.18 16.36 $67.66 

H-10 1/2 176 4 6.75 27.00 
2 5.40 10.80 
2 8.18 16.36 54.16 

H-19 390 6 6.75 40.50 40.50 

H-7 250 2 5.40 10.80 10. &J 

TOTALS 1215 26 $173.12 

..i.'.­ Total Costs= $173.12 
Total Area 1.215 ft. 2I: 

I:Unit Cost S.14/ft.2 

COMMENTS: 

H-10 "1/2 was originally left unprotected. Following the December 2. 1980. 
storm, the channel develop a two-foot headcut. We gathered rock locally to 

use in stabilizing the channel. 
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At H-7, rock was placed too high on the channel sides, and was not very 
effective. So we moved the rock further down the channel sides. Flow here 
was less than anticipated. 

Seedi n9 

After the first rains, small slope failures occurred along switchbacks along 
W-line, and along Harding Road. To help stabilize these failures, a prairie 
seed mix was spread over the failures. 

Table 16 

Person­ Cost/
Site Hou 1"'S Hour Cost 

R-20, 22, 26, 34 &0-4 2 $5.90 $11.80
 

(53)
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CONCLUSION
 

• The National Park Service was established to protect unique~ and valuable 
natural resources for today and tomorrow's generations to enjoy in a variety 
of recreational uses. Redwood National Park is uniq e in itself, for we are 
involved not only in preservation, but also in resto ing these natural resources 
for future recreational visitor needs. As urban are s expand, more and more 
people will be seeking the solitude and beauty prov; ed to them by their 
National Parks. Redwood National Park expects a con inuing increase of recrea­
tional visitor use, especially as 1t develops a wide range of programs (inter­
pretive, camping, wilderness use, etc.). 

We feel the grasslands are an exceptional place. Me dews have a long histo~ 

of being a place favored by man - broad open vistas, sun and warmth, and a 
variety of flora and fauna which can be observed an utilized. Indians lived 
on the fringes of the prairies - rell1lants of their elling sites can be found, . 
usually in the same places we today would choose to amp or settle for awhile. 
The early whtte settlers also chose the prairies fo their homesteads - mainly 
for practical reasons (i.e. grazing), but undoubtedl aesthetic reasons entered 
into their choices, too. 

In the future, as part of the park, the prairies will be used and enjoyed by 
manY travelers - mostly on foot, as the Indians did. It would be nice to be 
able to see the basin as they saw it for so many th usands of years. This is 
w~ we should make utmost effort to restore the pra'ries to their native state. 
Roads should be totally outs loped, and contours ble ded together; unnatural 
gullies should be filled; and enlarged gullied natu al swales should be 
blended in with the surrounding topography - whenev r possible. .. 
Our feelings towards the Rehabilitation program is o-fold. It's imperative 
that we focus all our energy, time, and money to th rehabilitation of the 
damaged watersheds. At the same time, since this 1 our only opportunity for 
heavy equipment access, we should work. to restore t e landscape's natural and 
scenic beauty as much as possible to what it was pr or to men's intervention. 

In summa~, we prevented massive erosion from occur ing in the next Jillion 
years. W-Line had very few major erosional proble and we admit it was a 
piece of chocolate cake with vanilla ice cream and cherry on top, which we 
washed down with a hundred cases of beer• 

..
 
."!, 
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STREAM CROSSING RE-CALCULATIONS USING ROAD PRISM VOLUMES
 
Table 17 

~ Crossings Yard3 Cost/Yard3 

C-1 209 $ 9.07 
C-2 247 8.58 
C-3 249 3.71 
C-4 132 5.01 
C-5 93 9.94 
C-6 92 .65 " \. .... 

.. 
l" ' ~.) ':' • ~ 

C-8 253 11.46 
C-12 75 1.60 
H-1 58 1.11 
H-2 48 2.69 
H-3 147 .64 
H-4 83 3.44 
H-5 123 2.06 
H-6 241 1.87 
H-7 228 3.60 

- H-8 107 6.50 
. \ H-9 220 3.92 

H-10 48 8.18 
H-10~ 110 2.41 
H-ll 133 5.03 
H-12 97 9.57 
H-13 300 5.20 
H-14. 202 8.34 
H-15 311 3.48 
H-19 320 2. 19 
H-20 275 4.59 
H-21 50 9.46 
H-22 624 2.09 
H-23 122 2.83 

Do1ason Channel 718 4.73 
5-7 95 3.98 

S-8 334 .75 

~ 5-10 89 2.80 
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• 80-5: W-LINE. DOLASON PRAIRIE 
STREAM CROSSING RE-CALCULATIONS: 3RD TIME 

CALCULATION METHOD - AVERAGE END-AREA 
Cross; ngs Yard3 Cost/Yard3 

C-1 233 $ 8.13 

C-2 I 318 6.66 
C-3 , 400 . 2.31 
C-4 , 85 7.78 
C-5 , 60 15.40 

C-6>
I 

C-8 

, 54 

224 

1.11 
12.94 

C-12 • 132 .91 

H-1 ,i 103 .63 

• 

H-2 , 
'. 

H-3 / 
H-4 >H-5 

/
H-6 ,/ 

H-7 ,I 

H-8 
I 

I 
H-9 /v 

39 

102 

81 

149 

278 
272 
"46 

153 

3.31 
.93 

3.53 
1. 70 

1.62 

3.02 
4.77 

5.64 

H-10 \ 24. I{ ('1 16.35 
H-10 1/2 

H-11 ,I 
/ HO 

118 

2.41 
5.67 

H-12 
H-13 

H-14 

./ 
\/ 

, 
..; 

130 

. 317 

212 

7.14 

4.92 
7.95 

H-15 -/ 136 7.95 

H-16 / 246 1.27 
H-19 / 3S3 1.83 

H-20 /' 
H-21 ( 

/
H-221 .J 

i 

. H-23 ,,/

fit yo1ason Channe1. ,.t// 

S-7 .­

260 
76 

500 

94 

816 

97 

4.86 
6.22 
2.61 

3.67 
4. 16 
3.90 

\ 
S-8 t/ 396 __~.~_3 

5-10 Ii 261 .95 
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Site Description 

The Dolason Rehabilitation Unit, Site SO-5, is eight miles east of the 

Pacific Ocean and encompasses the north side of the Dolason Creek drainage. 

The unit is bounded on the north by the K&KRoad; the south by Redwood 

Creek; the east by the main stem of Dolason Creek; and the west by the 

Dolason Creek/Emerald Creek drainage divide. The boundaries encompass 

845 acres; mapping was concentrated in the 152 acres of tractor-logged and 

73 acres of cable-yarded hillslope and the 200 acres of Dolason Prairie. 

Old-growth redwood covers the 420 acres remaining between lower W-Line and 

Redwood Creek (Figure 1). Two haul roads switchbacked across the Dolason 

unit. The Harding Road extended from Bald Hills Road downslope to W-Line 

on Do1ason Prairie. and the terminal section of W-Line continued from the 

middle of the lower slope. Rehabilitation activities concentrated on the 

removal of all 4.3 m11es of haul roads, and .5 mile of a skid road spur off 

D-Line near Do1ason Creek. 

The site is underlain by the Redwood Creek Schist and interbedded sand­

stone and mudstone of the Franciscan assemblage (Harden, et !l, 1982) which 

are separated by the northwest-trending Grogan Fault. The fault diverges 

eastward from Redwood Creek one mile upstre~m of Dolason Creek, and intersects 

Dolason Creek at the 250-foot elevation and the north spur of Do1ason/Emera1d 

Creek divide at 1000 feet. An isolated unit of metamorphosed sandstone and 

mudstone is located adjacent to the east side of the Grogan Fault (Harden, 

et !l, 1982). The Redwood Creek schist is a well-foliated, highly fractured 

and sheared, fine-grained quartz-mica schist. It is predominantly in old 

growth redwood forest on this site. The character of the mudstone and sand­

stone changes downslope from Bald Hills ridge towards Redwood Creek. More 

coherent sandstone occurs from the ridge to the 1750-foot elevation ending 



near the spur road that connects D-Line to Harding Road. Sandstone bed 

thicknesses are up to 10 mbut most are .1 to 3 mwith thinner mudstone 

interbeds (Harden, et !i, 1982). The incoherent sandstone and mudstone 

unit covers the mids10pe to the Grogan Fault. The sandstone/mudstone ratio 

is lower than the coherent unit; massive sandstone beds are less common, 

and rocks are more brecciated and sheared (Harden, et !l, 1982). Landslide 

deposits of an old complex earthflow cover the upper third of Do1ason Hill 

and overlie both sandstone and mudstone units. 

Soils in the area are predominately in the Atwell soil series, and a 
. 

Hugo-like soil series along the ridges. Prairies and adjacent oak woodlands 

contain the Kneeland soil series. The Atwell series consists of deep, poorly 

drained clay rich soils. which are subject to active mass wasting. Most Atwell 

soils exist on broadly amphitheater-shaped concave slopes with high densities 

\~ of small first order shallow-incised streams. There are also an unusual number 

of windthrows. fallen, and tilting trees. The Hugo-like ridge soils are we11­

drained, with a gravelly loam surface and a clay loam subsurface, which are 

more stable and less erodible than the nearby slopes. The Kneeland series 

found a rolling, earthf10w slopes, and benches can range from moderately 

well drained to somewhat poorly drained, and consist of a loam to clay loam 

surface with a clay loam to gravelly clay loam subsurface. 

Elevation on the site range from 140 feet at Redwood Creek to 2,476 feet 
. 

on Bald Hills Ridge. Hi11s10pes range in gradient from 15 to 80 percent. The 

steepest slopes occur adjacent to the tributary streams to Do1ason Creek and 

to Redwood Creek. The broader. gentler bench areas are near the Bald Hills 

ridgetop and along the Do1ason Prairie ridge. Coherent sandstone beds form 

these benches in the topography. Ridges are rounded, and tributary dr.ainages 

~	 are well incised. The hi11s10pe. including the Do1ason/Emera1d Creek divide 

below Do1ason Prairie. steepens downslope of the contact between the coherent 



and incoherent sandstone and mudstone units. Stream channels in this zone 

are more poorly defined and less incised than upslope. In the lowest one­

quarter of the hills10pe, coinciding with the schist and the remnant old 

growth redwood, slopes increase, streams are more incised, and unstable areas 

are present. 

Land-Use History 

Harding Road was a major logging haul road built in the early 1950's. 

It started at the Bald Hills Road and switchbacked down, mostly through 

grasslands to the base of Do1ason Prairie. Two units totalling 68 acres 

south of the road were selectively logged and tractor-yarded by the Harding 

Lumber Company. In 1971 and 1972 a 37-acre unit was c1earcut and tractor­

yarded by Simpson Timber Company with a spur road built in 1971 connecting 

D-Line with Harding Road. W-Line was a major haul road built by Arcata 

Ie Redwood Company in 1976. It starts at the Bald H1"lls Road on the northern 

boundary of Elk Camp Prairie and enters the Do1ason Creek drainage at the 

switchbacks of Harding Road. This.6 mile of switchbacks was upgraded by 

widening and rocking the road and then incorporated "into the W-Line road 

system. W-Line then switchbacked another 1.5 miles through forest to Do1ason 

Creek. In 1977 a 47-acre unit was tractor ~learcut and two units totalling 

73 acres were cable clearcut from W-Line by Arcata Redwood Company. 

Erosional Problems 

The Delason unit was chosen for rehabilitation because of the recent 

road construction and tractor logging,' and to test treatments for roads and 

erosional features on prairies. The terminal 1.5 miles of W-line downslope 

of the switchbacks was a relatively intact, all-season haul road. Ten of 

eleven culverts were intact and properly placed with only minor fluvial erosion. 

A cutbank slump occurred in March 1980, blocking the channel and culvert inlet 

at RX-7, thus diverting flow across the road prism and causing gullying and 



failure of the outboard edge of the road. There were numerous areas where 

road stability was questionable, indicated by the presence of ponded water, 

seeping cutbanks, tension cracks and small scarps. A400-foot section of 

road had failed, debris avalanche style, down an 80-90 percent, logged, 

right-of-way slope causing small mudflows to reach several hundred feet into 

the old growth. Several decks had logs and slash perched around their edges 

and against old growth redwood, with one deck located above an intermittent 

stream channel. 

• 

Harding Road crossed fifteen ephemeral and intermittent st!eams with only 

three stream crossings that remained intact with no erosional problems. The 

rest had either failed or were plugged and were diverting flow down approxi­

mately 1,250 feet of inboard ditch, causing gullying of the ditch and the slope 

or channel below where the flow finally broke through the road. At one cross­

ing (RX-14) approximately 100 cubic yards had eroded due to the flow diversions. 

Special problems arise in prairies due to road construction. Subsurface flow 

in the prairie soils (at least those underlain by interbedded sandstone and 

shale) is confined to the lower part of the Ahorizon by a less permeable 

clayey B horizon. This means that road cuts or gullies intercept subsurface 

flow at an unusually shallow depth, and the continuous seepage increases 

bank sloughing. Amajor consideration in deciding to totally outs lope prairie 

roads and gullies was to attempt to bur,y the seeping AlB horizon boundary and 

allow subsurface flow to remain in the soil. Also total outs10ping eliminates 

road scars on the prairies which have a high aesthetic value in the park. 

Tractor yarding acti"vities severely impacted the streams in the 1971-72 

and 1977 units. large organic debris and soil were used to construct tractor 

skid trail stream crossings at ten distinct locations on poorly incised 

stream channels. In several of these regions. intersecting skid trail 



networks obliterated the former channels. Several crossings had also plugged, 

forming large diversion gullies downslope and on skid trails. The two cable­

yarded units had minimal erosional problems. 



Approach to Rehabilitation 

Detailed geomorphic mapping of the Dolason unit began in April 1980, 

and lasted into June 1980. This time period was also used to prescribe 

specific erosion control treatments. Heavy equipment work at the site 

commenced on June 30 and finished September 16, 1980. (Table ). Labor 

intensive work occurred during the heavy equipment phase and finished in 

November 1980. Table 1 summarizes costs and general categories for heavy 

equipment and labor intensive treatments. 



(~ Heavy Equipment Work 

Fifteen pieces of heavy equipment were used on the Dolason site including
five bulldozers. a drag-line crane. a backhoe. an excavator. three loaders. 
and four dump trucks. A list of equipment types. with hourly rates is contained 
in Appendix 1. The heavy equipment work can be separated into four categories: 
1) hillslope work above W-Line, and on the D-Line spur road. 2) the removal of 
2.2 miles of road across Dolason Prairie named Harding Road. 3) the removal of 
the lower 2.1 miles of W-Line haul road. and 4) miscellaneous heavy equipment 
costs. Table 1 summarizes these cost categories. Total heavy equipment
expenditure on the Dolason site was $82.443.40. 

Equipment work began with opening the D-Line spur road and Harding Road. At 
the same time, dump trucks delivered rock to stream crossing locations on the 
entire site. Once these tasks were completed the roads were then ripped. 
and work began at the lower end of W-Line near Delason Creek. 

Removal of the lower 2.1 miles of W-Line road was by far the most important and 
expensive aspect of the Dolason Rehabilitation Site. The emphasis of work on 
the removal of W-Line can be divided into three categories: 1) the excavation 
of thirteen stream crossings; 2) outsloping of road; and 3) removing the fill 
edge along landings and decks. 

Excavation of the thirteen stream crossings on W-Line Road was accomplished
primarily by a bulldozer and excavator. with minimal work being done by a drag­
line crane. The amount of fill removed from the crossings varied from 39 to 
400 cubic yards, averaging 175 cubic yards. Cost varied from $60.00 to $2,898.75, 
for an average of $858.00 per stream crossing or $4.55 per cubic yard of material 
removed. Total excavation cost was $10.332.50. 

Seven of the excavated stream crossings were armored using 380 cubic yards of 
quarried rock from theW-Line rock pit, for an average of $117 per stream cross­
ing or $2.15 per cubic yard of rock placed by heavy equipment. Total rocking 
cost was $818.25. Equipment hours. costs. excavated volumes. and unit costs 
for each road crossing treated are listed in Appendix 2. 

The total cost to treat the W-line road prism was $27,391.65 of which $16.514.40 
was s peri t on removi ng the fi 11 edge froin 1andi ngs and decks. wi th an average
cost of $13.043.65 per mile of haul road. Outsloping the W-Line Road involved 
three pieces of equipment. primarily an excavator and bulldozer, with minimal 
use of a drag-line crane on landing and deck fill edges. The entire length of 
W-Line was ripped using a ripper bulldozer prior to outs loping. The lowermost 
1.5 mile of W-Line road. mostly through old growth redwood was outsloped to a 
slight to moderate degree at an average cost of $1.78 per linear foot. The 
0.6 mile of W-Line that traversed Colason Prairie wasoutsloped co"",letely. 
at an average cost of $4.20 per linear foot. Equipment hours. costs, outsloped 
road lengths, and unit costs for each road reach treated are listed in Appendix 3. 

There were six decks along W-Line that had slash and logs perched around their 
edges, and in some places debris was Shoved up against the old growth redwood 
below. The crane was utilized on three of the six decks, and the excavator 
and bulldozer on all six decks. The edge material was pulled back and then 
sloped against the road cutbank at a tota' cost of $16,514.40, averaging $.18 
per square foot of area affected. These costs are included in Appendix 3. 



Removal of Harding Road was the second most expensive phase of the Oolason 
Rehabilitation Site. The emphasis of work can be divided into two categories:
1) the excavation of seventeen stream crossings; and 2) outsloping 2.2 miles 
of prairie road. 

Excavation of the seventeen stream crossings on Harding Road was accomplished
by two sets of equipment; a backhoe and 0-6 bulldozer combination completed
the upper nine crossings and an excavator and bulldozer combination completed the lcwer 
eight crossings. 'rhe amount of fill removed from the crossings varied from 
75 to 317 cubic yards, averaging 157 cubic yards. Costs varied from $94.50 
to $1,684.50, for an average of $666.00 per stream crossing or $4.01 per
cubic yard of material removed. Total excavation cost was $10,714.75. Twelve 
of the stream crossings excavations were armored using 310 cubic yards of 
quarried rock from the W-Line rock pit, for an average rock placement cost of 
$88 per stream crossing or $1.98 per cubic yard. Total rocking cost was 
$615.00. Equipment hours, costs, excavated volumes, and unit costs for each 
road crossing treated are listed in Appendix 4. 

(e 

An interesting comparison can be made between the use of a backhoe and bulldozer, 
versus the greater efficiency of an excavator and bulldozer in excavating 
stream crossings. The backhoe/dozer combination excavated nine stream cross­
ings, totalling $7,232.50 and consisting of 1,370 cubic yards removed, at an 
average cost of $5.28 per cubic yard of material removed. Whereas, the 
excavator/dozer combination excavated eight stream crossings, totalling
$3,582.25 and consisting of 1,303 cubic yards, at an average cost of only
$2.67 per cubic yard of material removed. 

Outsloping Harding Road involved the same two sets of equipment mentioned 
above. The entire 2.2 miles of road was outs10ped completely, except in sections 
that traversed second growth forests. These areas were moderately to slightly
outsloped. Almost the entire length of Harding Road was ripped" using the 
TD-25 ripper Catepillar. The total cost to remove Harding Road was $9,076.2~, 
with an average cost of $4,125.57 per mile. Complete outsloping of 1.4 miles 
of Harding Road across Oolason Prairie cost $7,836.00, with an average cost 
of $5,597 per mile or $1.07 per linear foot. Slight to moderate outsloping of 
0.8 mile of Harding Road through the forest cost $1,240.25, with an average 
cost of $1,550.00 per mile or $.29 per linear foot of road reach. Equipment
hours, costs, outsloped road lengths, and unit costs for each road reach 
treated are listed in Appendix 5. 

The emphasis of work on the hillslopes was the treatment of ten skid trail 
stream crossings and the removal of 0.5 mile of skid toad. Two different areas 
were treated, the slope just above Rx-3 on W-Line, and the D-Line spur skid 
road and slope. Skid trail crossing excavations on the D-Line spur road 
utilized a bulldozer and excavator. with a loader delivering rock to the 
finished channel from a rock stockpile located on D-Line. The skid trail 
crossings above W-Line were done by an excavator, and a loader delivering rock 
to the finished channels, and a bulldozer placing waterbars on the access skid 
trail. 



The amount of fill excavated from each worksite varies from 30 to 816 cubic 
yards, averaging 241 cubic yards. Total cost for the excavation of the ten 
skid trail crossings was $7,648.50, with an average of $765 per stream 
crossing or $3.17 per cubic yard of material removed. Eight out of the ten 
crossings were armored using 290 cubic yards of quarried rock from the W-Line 
rock pit. The cost for placement of the rock was $1,227.75, with an average
of $153 per stream crossing, or $4.23 per cubic yard placed. 

The half mile of skid road removed cost $2,701.25, and included slight~'ou~loping 
the road, pulling the fill edge back on a deck, and constructing three water­
bars on the D-line to divert inboard ditch flow off the rehabilitation site. 
Appendix 6 itemizes equipment hours, excavated volumes, outsloped road reaches, 
and unit costs for each hillslope treatment. 

Miscellaneous heavy equipment costs on the Dolason site totalled $11,917.50. 
They included channel armoring below ·two culverts on the K&K ($1,423.50), 
ripping and opening all roads ($2,591.00), travel time between worksi~es 
$1,796.00), and standby expenses ($6,107.00). . 



Labor Intensive Work 

Labor intensive work was completed by a staff of Redwood National Park 

laborers. site geologist. and technicians. Redwoods United. Inc.~ employees 

applied straw mulch. The primary purpose of labor intensive work on the 

Dolason site was to reduce bare ground surface erosion and excavated stream 

channel erosion. and to re-establish vegetation at the freshly disturbed 

worksites. A complete list of the tasks. including the quantity. cost 

and unit cost for each is given in Table 2. 

Labor intensive work started one week before heavy equipment rehabilitation 

work began. and the first task was ~he delivery of straw bales and checkdam 

materials. As the heavy equipment work progressed. labor intensive tasks 

such as checkdam construction and channel rocking followed. All labor 

intensive treatments were completed by mid-November 1980. 

The most expensive labor intensive treatment and technique to prevent 

erosion in excavated stream channels (downcutting and bankcutting) was 

checkdams. A total of 41 checkdams were placed in seven stream channel 

excavations. for a total cost of .$4.109.89 (excluding material costs). or 

$100.24 per check dam. Unit cost is comparatively high because stream 

excavations were made to match the natural side slopes above and below and 

required construction of wide check dams. All the cbeckdams were either 

one or two boards high. and had wooden energy dissipators installed at their 

bases. Rock was also used as channel armor where possible both between 

daw.s and at the lower end of the channel reach where the rock was staked 

into place below the last dam. 

Channels were rocked initially by heavy equipment. Labor intensive 

work included placement and adjustment of rocks in each channel. and locally 

\ 
gathering smaller rock (4-12 inches in diameter) to fill the gaps. Thirteen 

channels needed major rock adjustment and several other channels needed 
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minor adjustments after heavy equipment. and labor totalled $1,247.02. 

The most expensive labor intensive treatment and technique to prevent 

erosion on bare ground was the application of straw mulch. Total cost for 

distribution and application of straw mulch was $1,502.38 (exc1uding straw 

purchase cost), of which 46 percent was spent moving the straw and 54 percent 

on spreading the straw. Approximately 23 acres were treated, with a unit 

cost of $65.32 per acre. 

Jute netting and curlex were applied to five worksites, which included 

three channel bottoms, one channel sideslope, and one steep reach of 

outsloped prairie. Total area covered is 2,828 square feet, with a total 

cost of $801.13 (excluding material cost), or $.28 per square foot. 

The removal of young Douglas-fir trees on Delason Prairie was suggested 

by the Research Biologist as part of the prairie restoration program. These 

, ~ trees are among the first to invade disturbed ground (cutbanks and road side 

cast) and result in "unnatural" lines of trees across the grasslands .. Also, 

a metal lean-to shed on upper eolason Prairie (located on an archeological 

site) was disassembled and removed in response to the Park Archaeologist's 

recommendation. Total cost for both projects was $410.85. 

A chicken wire (slope support) fence was installed on the left bank of 

skid trail stream crossings 3 to protect the excavated stream channel from 

being obstructed by falling slope debris. and to allow overland flow to pass 

freely through. Total cost was $43.20. Awooden skid sled (designed to be 

pulled by a bulldozer) was constructed" to transport straw to areas inaccessible 

by truck,at a cost of $75.60 (excluding material costs). 

Miscellaneous labor intensive costs totalled $3,332.44, and included standby 

time wh.i1e assisting the heavy equipment. choker setting, travel to and from 

(~ worksites, training, and discussion time. 



Winter Maintenance 

Maintenance during the winter immediately following rehabilitation at 

the Dolason site consisted of repairing 76 'percent of the checkdams ' 

($235.70). adjusting channel rock to prevent streambank erosion in four 

stream crossings ($173.12). and the application of grass seed to several 

prairie outslope failures ($11.80). Total winter maintenance cost was 

$420.62. 

The type of checkdam failures included: spliceboard leaks; 

splashboards became suspended due to downcutting below them; and the fill 

packing around the bases washed out (see diagram 1). 



, ., 

f4i' Evaluation of Heavy Equipment Used 

The use of heavy equipment at the Dolason site was effective at excavating 

introduced debris from stream channels, removing potential road fail'ure material 

and improving drainage on the site. However, the cost-effectiveness could have 

been improved by changes in the types of equipment used. Many road removal 

tasks that were completed by the crane or backhoe could have been accomplished 

more efficiently with a hydraulic excavator. The backhoe's lower cost 

effectiveness has already been stated in the heavy equipment cost section. 

On worksites where the crane initially worked, the end product was of poor 

quality and the cost efficiency was extremely poor. Therefore, many of these 

worksites were later completed to a higher standard suing the excavator. 
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SUKWlY OF AVERAGE COSTS OF ROAD TREATMENT: 

, of Range: Total Average: Average: Range:

Type of Work­ Range: Equip. Sites Cost/ Range: Total Costl Costl
 
Warksi te Si tes L. F. EquipllEnt Hours Cost 1 Works1te Cost L.F. L.F. L.F.
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Ski D T R P,I L o"c1 HAUL ROAD CROSSI NG ROCK COSTS - BO -S­

f (0 ... 10 'r " d I Ro c k ­
Work Quantity Quarry Trans post Pl aceme~t Total Total Total Labor Int. Total 
Site yd3 Cost/yd3 Cost/xd Costfyd Cost/yd3 Rock Cost Excav. Cost C~~~~ .~_!t~_fost. 

RlC-/ 40 ~ ILf. ~o I 2.07 "/~.([,8 ., 100 0, e() II 1770.75" '::l77 I. 55 

R,x-Z 80	 'If. Goo "t. '-i3 19. 0 .3 152;:· '10 t7 "3. 75 3.< ca~. IS 

,'t. fs,O N.~ ILt. GoO 11(t.:~.DO 'i 2..,.00Rx·,3 80	 2..092.00 
.\ 

RK- "t .30	 l'tUO /'If<, /'1. {PO '1 3'8·00 "GJ/. SO 55.01 "5L.i.5J 

R..r-$' 30 Pi· (#0 g.30 Z 2 .c'D ,,'C. 7. (Ie " 75.00 152.72. '5 1"1.72­

R'I.-7 70 1'i.f#O 1.2'1 Of 15.81 " 12.. 30 2.~og.75	 Ii 12 S. 8820'1. ~ 3 

RJc-/O 30 I~· f# 0 IL.t.{g 0 42'{.oO 12.1:(.00 S~7,Oo
NR 
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zo 1"4..<00Rllo-2G,	 3·00 n. (,,0 3:" 2.. () IJ 13~~.50 Q5. tPl.f 13 f". Ilf 

R:IC -27 30 ILl· (,£> 4.50 fl.}. Ir­ -:"."Jo::' c"~ 1"1 :2 3. £{O '80S.S0 
~-2?> 30 Itt, <;'6 3·00 ,'I (:(" 

,::.~ 0.-' . m 1594. SD '946,,56 

pb'ft. 2.. 



,Ie •
PAG.·' ,wO 
5"-' D T R PlI L aile! HAUL ROAD CROSSI HG ROCK COSTS - 50 -s

I c.... , " .... d ~ Ro c lot ­
Work Quantity Quarry Transpo§t Placemegt Total Total Total Labor Int. Total 
Site yd3 Cost/Ydl Cost/yd Costjyd Cost/yd3 Rock Co~t_ .. E.x~.~~. Co~~_ _ __ CO~'~~'~~~.'~~_~~n 

30 ,L(.G,o 2.f:.6 17. 10 5/,3.00 100 G:>. 50 - IS 1'1. SOR.'It-1CJ 

30 1"1. ''0 :3 50 I~· 10' 5 ~I?-.("I0 2 1/0.00 - 783.00Rx-30 

5),% /, 20 1"1. ,"0 ,..~ ;}'tl.r'(I '7el().50 - 192. S-CI~ '"0 

2.0 I~.(go N/;"S)(-"11 1"i·CO 0 l'i.:.: t· (\ 12 f,:',. flO - .555.00 

s.,.-~q l"i ~D&fD NR Ill· G::-O .524.('(1 1:C'~!.2=:'- J2.4'l! 1'1 '2:' . ...., 3 

5'1(- tf 10 ZO PI· ,"0 I. -, c.- It". ~J·b- 32TOO y-::: 7.00 - 7"s.00 
-- _. - . ­~ 

~ -(4.( /1 I~O J1i Co 0 "I. <:'10 I~·SO 3J20.l"O 2(.11 "2..5- IfI,2. '-to 589"'.65 _.,- ­

30 ,Lj ~O I~ .G 2, ::,.2': '1<"11...9.::: ".:. ::-.0 0 I ~ :: . :.., '1' 1tt-r.5. 2 8's,,- 3-H,li. C
 
"5~ '-, 3 I If
 

#q /2.0~
, ~ s '4:2."iC'/ " 1Co. Clrt . ~I(O)"07.40 '.1.5",112.00 • '12,(,2(0. "1~I~. ~C' C'I'Tohls 25" Cfgocl Avt. . t'''r., C,/ 



I 

..
 

Site 

""""..U" 

5)1.- ~)"8,~ 
7, ~/1 

Sx-,.,iO- 16 

Sx -, 

Sy; -.;t 

5\(.-.3 

5)( - ,.,,
 

~1.· 5 

:5-/ ~ (,r\~ 13 

Dot ~~O'" 
(,-«t'k. 

0'1 f'LS: 

r e
 
£~P~l'\.t 

Ex'- .. ..., . 
115°C 

t«~;,,~: 

l:)(C'b\J, ""­

l- c~"e. r 

£)II:~u. 

£ '1.( 1'v • 
115 DC. 

£~C~v . 

,,!Soc. 

£rt:C&U. 

\150 C 

i)(~v. 

IISCl(. 

£"'<'1:\). 

" ~:' C
 
Rec.K'",I"\
 

l.o~der 

Et(£.HJ 

/I~DC
 

~ck....') ,
 --_.~ 

('JCOV. 

1..(10 J ~ C" 

£¥~'-" £2..!r 
1'5 DC- 'itt 
Loa..\ c ("' 11 Yz. 

NOI>/,$ 

Cos t­

# , "I :s:lXJ 
z &fO. 00 

,e, ,.2.5" 

,2lf7.50 

12Cl·l\O 

5&0.50 
12.c>· 00 

q03. 0 6 

~O.OO 

193.50 

120.00 

~77. '2b 
~30. 00 

. 
.158·00 
,t;O,CO 

. ~ 

3b.OO 

1'2>:n..2,5 

12.~O.OO 

45',50 
~"2 ~-' C;,., 

532,.2S 

2. "lifO. 00 

~IS·OO 

8t7~.2.S 

J4, \\5 10fle.. Work: Sk~·. Tr- ~i \ 

Voll..'.",,~ IA ,,; ~ 

C\'6~ ~·P\'2. £. X(..WO'+1 0,," Co~+ ..ut ·e's.......,P~
 

To...... 
~. 

Vl .... ~ 1­l...I ~ StTE W:51IOtl- \ 
Co~+ 

~ ~85,OO 

.. 
"IOZ. "15 

12 Cf' ~o 

700. !>() 

.
 
12,,3.00 

313.5'0 

J3(~ 7.1.!,7' 

l.i:'·1..0t"' 

,3~.()C> 

~~/2.25' 

7f,Li.DO 

E~~v: 

.$ 7<e l l e·. 50 

~ 1\( L. ; .-.r, ; 
',J 

., 22 .. ,. -, c-I ,J 

If 'is 7f.. 7'::­

'/6 ~ 

es+. 100 
-. 

~ 
" fe	 4' "', ~ 
'.. " 

I'd. 30 

,\ 

'3V~; 

- .. .-
~ ;2C> 

ZilJO 

.- ­-
K)C' 20 

2 "ltD 

500 

R,.	 LiO 

7~ 

20 

'81C, 

ltr ("'\ 

2.	 "III cy . 

J'1c.) c-y 

C(I -:. t 

# e.€S" 

"'2'
13. ~ ..J 

~.30 

\. t:.3 ,' .. 

-
N.c.. 

"I. <g t. 
_.- ....-	 -' 

N·C.
 

/.2.7
 

'2.6,1 

NC­

5.7~ 

/.75 

3.:'6 

Lf q.,
' . ~-

~ 3.'7 Icy 

'!Y~71cy.L_> 

Ire ,~+ ....(.. .f.­
~oc k~ ...~ 

'/33.35 

./d~"".:«~) 
$ YI2 {.. 0 

Cvr , f! I' 

1&.2.0 

Nc",p 

.'\ . r	 C-

j de ... :; c'·:) 
~ 5'l:Z· s~:. 

Rcd' ; ",c, 

:".!.. l/n 
-.J 

.,.; t " ( 

. 
Reo( L .,,~ 

11&. :!. . l.{O 

i'ocL..,,:· 

:3:: ~~ . :.: ,~ 
, j . ~ 

'" ~""',$",!.) 
C'f/i;:'··/ ~. 

C.... r	 \ L)" 

/4,. ~o - ­

Cv~t 

. 171ft'" 

(# '1. .10/./&"t. 

"" I l~i"• . / r-

Nc ... eo 

o 

I 
~l' ,. e 

fe, LI.70 lee . 

.os /.r1 :l. 

' .. ( ,.(. 

. o9/n- 2­

~ • itt ? ''iiJ... 

·,,,j"'''''~')9.9lJ 

Jf', ~;t 7. '3 

5'17. '60 

ico . .5 (':) 

12Cr3 (''10 

qote. :)2 

13~CJ.73 

473.C'C 

35SfS.u,5" 

SJO,Jf1l,. I~ 

Roc \<-{OJ r ~ <'0 

~cc f'!>~ ~~ 
c(J~,1. I a,r "' •• ~ 

I,.. (lI( (,WI! &, 

- . 

hv..b/e­
c k ~",,,, t' I 
(. Y. (1).-Va..#ti 0#' 

do ....ble r t.. ;Or, 

4.t	 Top' 

/0 



- -

- -

'oJ I , .,;;. 0.1'" '-""""I ~ - -- ......;:j..... 
~ 

L./ ............ "...,,"" .".
..... ...,... -"
 
re ,APP-'l"Ji x ;;L e vJ- l-uJ E' e 

TChl •fA,,; t LT.L·r. 5i ~e ~ Re.", t\ r k.sU,..itVo I v..P-. Co.Icf 4-15.,.£ CDs.-rr~~,,+­Cos, ::.oslyA. 3 UJ:5> r£~~pple"f Cos-l­
~""fI\~d 

M;,.(.cr' 
J9 facts. 25, 4"'1·SD£xc~v.RJ'--I • },.()' k -fI T~O I233ID"'l(g.2£:Cr 6"c. f) J~ Vc ~+ ... ,f \ -, )7'10. 7 5~~o.oo1150 c.. 

RdC k: ­
~4. 50£. ICC. a v· 

.2.08G;O1'2~·.501I5()C (,0. 00 
- 0- - _0 -- ,- _ 

___________ L -. -.-- - ---- -- • -- --.-.-'-'--- - ­

2. JIg .SOt1 i ".,r111-"8.75"R--.-2 • £ -,.c ~ oJ 

1(')( J.....155". OQC, ~"e­ 5.55"318 
P, .\ ~" - 1,..,·",·+\1163.75 

Rock: _
 
35"f . ..,G"
 

\150C "'I '60. 00 

3S~.7S w 4· 43£'/Ce~l,)­
_.-~.. - -_.-. -- _. -- -- '-'.' ------ .._--._----­.~r----...,------I.. -------0.--.-.-------·-.--- ...._- -- . 

77...,.00R.~- 3 • I ~F( ~\l. Yoo ;'1.3\ .. CJ21..i.DD'121..\ ·00IlS"Oc. ,:';-0 ·00 
\ 

-
~()(.. k ~ ~tl+ f',.c\..; t 

'5D, r~ ~ '" \h LI 
laerd~. 

_ •..• 0." _.~.  _._~  

I f.XC6U' '1.5"'.50 4> (f;' ,. t,' 0Rx-Y. ~() . Ii, .... '': I··--~ 71(g.51155 7.79.J150 c.. 210,00 
: i· I' &'-- , E"S.O ,) '"h' !. :!TCJ 

c_Roe.- k. : ,./Bro ki' II..Not' 
Lf . 121ft 2.o"t • f\. 'I.e. 30 

~ttDrd.:;,------'---r ----Rx -S i: I(C ~ \'- c.""S.()O 
• 11.50C kOLk,,,,.-,I Q?"I'Z'"G, 'I!~ (~(j30.QO 1/.25" ..JloO .51!-n:l

~-152- 'I.:'"etC i... ~ -- ­
JI~(l 02. 

- I . (1 /,',.~fll(I'-<" 11. Cf ,co c..".- l0.)8,3030 /2.05/J-..'1$-0(. 120 ,(0 I )~'-f.(i'~; 7;;':· ::CI
 
I- 1-·-- I .. -~- .._.- ----'-'
 _._.~._----­



7..-

QT' t;:. o-r~ "-', ""''''''''''W' I '~~I __ f7~ DQ-~""">V-fC" 

r­e e VJ- LUJ £" pce~.- 2- 'e 
-LA~; f- I- ..J,...L.r.Uritlb .....-c. . Re",~rk.sk>+.. 15.1" ;r.u.~-I- lDsiyJ. 3 u'~r£?t"-~r.".f- I C,aT u,sf­

~. '"""""t-d' 5C7<:.t. 2!.~ 
') h a<.<.'/(]I. ( ~ \J • r"i I ~ . ;IS Q (' }J. 10f\x -G, • -b"J..f

5<"] 9. 2[:'II SOC l<Jo.oO 
------- ..__ -&- ­ .. 

RockIzqo.ooR'J.-7 J.. ~og.·75 . J-8fJ8. 'Hr£'X(c\J.• .521ft z 

'.3(p '13. '0 

I J . 5'"1 2D"',~?c2.;2 I-f, 150C. 1170.00 

3·i8.75" ,Cr ~f\e. .' _. ~ I SlAte f\Jt.-.+ ~ ·5t./ft ~ 
R6C-k i "G. ­

,.21 tt+ 5~O- (,1­
&(k~ Cfo.oo• e,o.oo 

t· 

I 70 
f'1u.~ 

Re P'\O U!.. 
~o.ooSW~ Ie... -(PO.OO Cu.. 'v~r+-Rx -8 • (00.00,/s-o C 

""'10 

he~<l .....~te~s10 :;~~.5'O Isn=,£Hav. .~3 tD 1.1. StJ" 'I. !:J-()R,c-'1 • bOlA}'
<:~ \ d. 

~ ----~.-R.",- 1"0 •... . .' 

•
 ~xc a..v.
 3.3112'7'-00 '2 q. 0012~.O~J_ 3~_. -- I ­.._._~ .... 
rock.. I.t\cJ. 

R'Jl 30 -------_...•. . _.... _.­" , v'(~ C' t 1"\ : ~ '(;ZS'g.oo 3-'''''3. CIt)E""c~\l. 3.90 7 C. (D if/I~..~7Rx ~ Il • 378.00 (pO!::>. 12/70,00115D C 1031,'1..
J'u..ff N~4Io,,' • 121ft "). 

ltS·6"CI
1-------1- ." . " . -- ...- ..... 

.= ,;.c~v. P-C,·06 ~~f-e.R.", -/2. • ;J. II Cf· DO 39w ;p.-3" illq ':0­r • , rJ _-7' 0 Co Nr?~.j-;"t·120.00 • / gIFt '2... .I, _ -_'". "')-" lil1..ql1&:'.91\---...------... "1' 
:;~{~...vR)(,/3. £yc"C-v lzq.CQ tllf90C).2y1. c6 ';&1 -.95' ~. (J 

I 

120 Cl(':\I: ..-() C 

_, cOl. ,"')o~)_:L ~ 
~~ 9 2£. 1« ...., <13 Yz.. ,"-030. 75 4 1/'1 "1, -~ -~ Co -;;)'+0 tJ ~ Vtl l~~3 t>~o~ Iv, -. L.,' ~'/''i

" 10 ".,. c " "'fd~" $ 12, 'l'l.>. ~ Kl'- ~/~.251 " 3fC .1,< J-1I.1.S- '?J7&.J I ...,Crl}.re. 20rf:,~(c>J 15"50.00 
/I.c~ !>""8 I f 1/J50.75 1 I ;'5/ c y IJ N '15~ ,f;, '1C,<9 I./..I~ _1-1, /5€l. 'IS'I 3'180.00I . .1­

I ~ot~\rCD CfOOO "'"J 1'3 '-1).5/. ­IO'~ -1tI"'" 



oTr~c).~ '--I v"".... , • ~~ 
vv ~ 

v ... ... ".;;0 V- IV 

p ~ ~\(..re e H ('I r- d i 1<' Rel (\ d 
...... -I To T f\ l-..L.r. LA ~j t L· J. ,J4 $ / 1 £' ¥e. rr·c.( ~ .:U,.it\b ,14""c.. .TOfa.15.1" ;;e....f-~-I- CoS. C/) ~ Iu,~TyJ. 3 

:2-. 

I

I 

£~~pf*!(\f 1 (;,.s' Cos-l- V d /",.,N--.p\hd 7.' 
~fr·.: t+ :' -.... !.. dj dt'". (t,) e'" ,., to( I./II '(.'2: /~ot. Lf :.q:::E.... ,khO~1 'Cf500R)(- :l~ J.. "12.!.:O '.. -~=' -~ .. , .~~-

1":: ~ Iro 7 Y5". 1-2­b - (p , (, S-. tJ 0• .. I ­
\\l~O 32C() 

-------ilf------ _..I -.----.--~.. ." -. ~"rro~c hod 
;;.'1' z ~ f:". £L)BH 232.50Kx, ZY ck c r.t\e J2 (P::; 5,') t 10


• D-Co
 33.00 , ." 
.\ I J~...-../eL ....... (:3)
s.re " 13 .-\­ I st}. 00 f"G,. >--lfo ~7. r.;e­11£Rx-2.f) C/.... b""e I

~" 9. ('0 u -,,';) '" , _' __ ' (0D-G. qq.OD J '02. &D• 
1460 

.'2, CfO.ClO 

RCJ('l..et d 
25S CtC 16>6 ~. 08 to' P." '. \ I '.R.x-u,. q;;; ,. 6".n. cl.-f!ton:'. )B H .1D'G-, 3.3.60 . 3z/n 'L fIJI '0 q. sri II,i.:. , ft, I r• 102'1. 14 ....... W\~:J 

'-'
1/5 DC 3~(). 00 'c; W~/. so 

Rocki W'~ 
~. nO ---.... -.----_ .. _..BH G,O.OO ~o,oo z.O •
 

.- ....--.._- .._.,--.- -.P·'-_·· ...
I 1-' . ------- .­ I~o(' ked . ,S5"C6. DQBH 5S5.00Rx-27 
j I- In c J.. lo "''' (7 I, D-G:J '31,I ~ 8.50 -

II5'Oc.. '90'·~·1 ,42:.5D
 
L' -- 1< i n;.­f"" 'I \.., 

'I ~~()I~} t:. col .?,oBH /35.00 
I --_ . 

.. - . _.-.- - :.'-------- .- . 

rl' ~ l r)R)(-2~ • Bit '120. Of) 1591.(.5;J . 212. 
7,5~ .-- I~ '3 Lt•.!J-('")

{\I L I L­D-<O <t 71.1. 5'6 
Rock;f'.~_ ....I _ ---1--'-- '._--. ,.. 

BH 9°,00 90. 0 0 I ::0 ';J . (,-0 
.... 1-...----.. - " ­



-- -

- -

--,----.,. 

Taf6-JS.r£ C,~r£ 'it"-~ f>fIIltt'''' CDS 01­
N~hd 

C>14 ~q5.0()~-2't • 
/00," .£0D-~ £'11·50 .. 

------ -"­Roc h. i "':J 
75.00 7£'·00BH 

.- . --"­- - • - •• - ... & -_•. ~- - • - ---- .. --.. . ---~ ­

12.0.00

• 
2."10·(..0Btf 

1150C 

R-x - 30 
I:LD.OO 

- .-._-"'--Rockl"'~ 

10£"·00105".00B\-\ 
__ 0­ .. - ­. - ., - ­~ 

--,-~._. -' ­

!1C.(c,,,,, &,,. ....... ~
 

J: ." (" t- v· IfO"z. • --ll' ,2.. 2S'16TA£." 
"10. "7/ 'i. 7!. 

17
 B H 11.S'l.,
 ~75". sO 
f'c.rcl-.(;::;;, I'lSO.OOIIS0c. 
", I£'. 60,,~\ll-CO .. 2.2..50 

D -(0 '0'12 2557.5D ~ 113 z.t:). 7..5' 
I

I,,· • 
, 

~ 

212 'Y'j 111: . 
. 

" 

. 

.' 

- ...,...-­

~
 

~'&A.,",c. 

yJ. 3 

13~ 

- ---- -. 

30 
~ '~--,-

CiLf 

I-- _&_~.- -

30 
---_..-. 

:;,(;,73 yJ3 

310 ~/ 

- . 

~~ ~151.f 

_ 

\-j \e H(\c d\ ('~ y(t)"l' <1 p~~~ 3 
,-) 

LA,,; tL.x.U,.it 
CDs.1f-......~TCf,~T 

7, I-( 0 I'J (11 t:­ -

---- ' ­

J..£O 
.,. .. _. - . -.- ­-- - --. -­

;.5C ,~~~ -

, ...- ..- _... -_.­

~ ·5"0 
,- .. _",' 

A,,--· Roc k; ..c;, : 'f 
\ ~ ''1.01/cy .# 111. Zy 

r"rel.:.. d(!"tY 
(11.q8/~y 'J 17 C1CJ. 110 

• 

• 19'.,0 ~D 

. 

. 

-.-...)-•• _.....,..·v 

'. 

L.I 
,oT A L.. .-
~,n: . Rp,.., '" A::. 

'S-T$ 

/08/.50 
Rocked 

cf....(H·~e 1 

.. _-"--- -_._._----- .. .,.... --- _._------ -

Roc ked 
3t..(SC:'C 

cs... .. "" ~ ) 

._--~- ------~..._.- - -o-

13, 3DO, IS-
'12 .81 /c'..... $. __ " r-r_ 

I)~ -7' -= -
~12~.~ 

~D 



----------

-- - -

-- - -

-- -- --

.,;;;)T r ~ 0.,"'" "'-', "'''"''''''"- .. ~~ 
.... .., -.J v .... ... "~"" .... 

eo. ?---­r. Ap~"~\:!- y-- e H~r-di~ Ro~d 
L 

S'f~ 

N"'-"hd 
1<'1( -l~ 

rF:'O'-;f...~4-1 ():,:sT 

I £)(C~v. IIISl':O.SO 

7;,f .. 1 
usr 

,.
• 115DC \SO .00 7teCJ.5D 

f?Oc.kif'~ _ .. ... 
b,,<:.!.; ~ot,.. I 'O.Of) '0.00 
_ .. _•. ___n_·___ ,_._•. -. -.__ .­ _.. 

/ISO CR'J- IS. 

•
. ---_ ..._.­

£~c~tJR'I( - I~ 

'ISOC 

120.00 
.._­ -... , --.- - - ­ . 

120.00 

" .... SO 

30·00 
9'1·50 

f- 'J(C MJR"J( -17 • I 22.6.7S­

•
To h:~.' -"1­£,(~; t LI:

Urit I J.- .r:lbl&4M.C,. . :s , -J-~ I Re.to\. o.r l:...s 
Cos,... Cos,yJ. .3 ec,~T~i~ k-e.&.~-t 

clou..bfe..
i< <:' C k; ":j :Not $ <a'2e. GD CI"C) !>~i ",c,

Mt.~ ~u.1"f' d I .3. "60 
~·l. 00 .at /oft ;2..1 co ..,7.50 d-~ .f'r--t t;

£st. zOO 
-- --+-­ Roc.ke.J 

30 I 2. 00
 

-" . .--- I
 Iu ..."tt1 kr kd 
1.1'00 ShbW£~t ..,~ 120.00 ck~",..e.-l 

-_..•. -_. , 
~ J j3,.·~:(5~ eMf' k- d (\ "" 

q.Jt· So';0;)..S3IO~ ·C13 c"-.o" ...e I 
JOI2,~'1 1107. ,y 

Rock~J 
clogS. 7-6­53 cJ-. ~ .....e 1 

II Co (... (,0.00 ~:~'Z~J ~ ~ _1-3
. ­

30 ­
• __ •• ,_ ••_4 • __••• .- -- •••_- ...... ­

~ .,II-_ -.- .- 0-_.---------_· ._. 
Ro('ke dl~ock j ...... j

R'I(-IS E-,(c.~u I .. 70 25 3~ 6eJ.08/ft~ c/...ll""e('Cl3.50 ~&.t.302S~3.!,-Ot~~- ­
~~'1. ~o• /l50C. 

\ 

(,0.00 ."d i(y # • 
~:r .....-' - ­

1,01' k..; ,... J R"c.Ic~ J'+!Sf. 5'02.f~ _ I.Go.2..

• "lSI. 50R~-\9 Exc ~v. LfS"1.5'0 , 03/f)f 2. 4.".... ,1115'". 'to'1 "'1; , . K)C . $ - - ,}~\. ~o
J:i; -20 

dO\A.ble.- ("J,.fOt­

~20.S0 \ roc 1::.(' d'l20 . .50 :l.. ~l ;(. 3.0LE.)((' t:_V. SSO.50R,,-20 • I u.."pr(,-H, J.. 
115(\C 2LfO.OO e~'~' 

-) .
"",c) .,,1R)C 

----_. -_ ..-. k?oc k~d
~ 9fD. 00I L.( (P ~. 77i'7(C~V 5,,,,.00 "'Clro.ooR'J<·.11 c i.. b ",..e../

/I 50 c.. leo.oo• ~ 
'Nt 2::­

1--------­ Roc}-J)8M ..3~a. DOR,x-U gro.;) 5D77)...5-0 I£"3 S.oCO-·G, 1.1,2.50 r J.... C'r.-­• Rock,,..~ . 
1-(.5020C/o. coeli qo.tJo 

I 



- V'o-' -~ W-S-'N t::. • 

re Ro b. d: Rec J..as~fU-,,-d i~ .3 -. 
p,-"ri t..!WlJoJ 5 

IN: IlA J" ~ re_"'i~ deL k. 

vo '-" ~U"-l 

Cos, ­
~""'""~ 

5.1£ £~i Pfltf't't- I Co ~ r 

~ 
Ellc ,,-u I387. DOR-I 
C... ,~f\e.. .1."1'.2S 

d \ 
,I5D~ '30·00 

R-.;z. 

R-3 

-_._, I- .._­

3,2;;/.50f:. ')let- '"'.R-Y 

~l((1l.\J, , z.'t. 00R-S' 
o· '2. '8S0C 120.00 

£"flceu. 3670.00R-' v\ 
II ~O c... '3330. 00C. " .' 

R-7 , 
~-----f''- ,.. - .._." " •. " . ----.... 

/2. < (' 4V. QGet.7s.­
R- 8 \:1.. 

I'S-OC. Q30.,.OO 

£ )(c.~v· 1(,77. 0 0R-'t 
"\ II CDC .''''''0.00... 

\------- _._.....
 
£ "!£ e,<J. ICf3.so
R-IO 

, (SOC ,o,00 
f----- - ' -- ­

£1«( 00, 61.f5.0DR:' " 
J150 C. Sa.,{).OO 

J..ine 6 r:TorAl 
Fl'e.+ 

$ 
12 ~g-. 2S­':15 I 

... 

i;2S' 

2.50' 

(o;<.s'~~~, 00 

2.50'~l-fq, 00 

,
J..JI(\(\120<3.00 

19 "J 1, 75 /075 

1tJ,~5'30#67.00 

I l~.. O~.~·,·~ -1
h ~ ?c. , , 

ilS3,50 I ;J.;lS 

"t75 '1185',00 

J...r.U",ir 
r,: t:' , ht--- (' 1"\ t(' ~fi.. -r 
Sf' G ..... • ,

:4~.ou, r I (~ t"'::, 

" 

" 

'1,5'J.. 

, qq " 

Pt()~, 5tl~"
1.7(t, 

t ,of. \ ..... , o. " 

'11'· 

flo )-~I· ~() 

/. C,O Plots 

i
 
s+r ,~~...J 

J.' :3 
~"('J::. 

~~ .,'vJ.l.fq 
~... '.' (~. 

Dt!'5 re e.. 
c\./sIDfi .... j 

1t105 

tf\os 

1'/105 

M05 

(Vf 0..5 

.«: / ,"o:;j
cC' ~ 

.....,-nOS 

~o.s 

50S 

cos 

C('>S 

e..+v .. 
R£"""~k5 ) 

~d~ by Ry -t. Wood.s,
 

30 "!c. r)lt 17 'Y# C r b" t..­.
 
53% Ca.t-. 

(o~f. ,,.r f'.f dec! .....
 
R.--IIl""d ..... ')1-2.
 

. LU.".l5
 

d i f-f 0 -' ,
 

&&lock 

1M 70 £'yt:.&.u.w..ttJ:!> 

s-o 7". £xc.b-uIPDad 5 
50 ,., Ca.-f­

u-'''., d ~ , '-I L()~. e·7.S-tJ ,,·?<rk.. 
ti."·","d 'I:" .... 'v.i~ 

Sz. 'Yo Eye &-.J. 

Lf8 'Yo 'I 50 ~~}. 

':-.0'504- ,,,c I u ,~ "d ;" f2 -Got ­
----, ,. -_. 

wood.s ' so % E.xc. 

sO ...~ Cat. 

wiXld5 53'% Ex 
Lj 7 0/0 Ca.!­

t~ ,""O'J(' rl ,.' CLo.lv"( ~s J 
fLd (. cl • \ • ,... "- Lf d rc ks 

75% ~·x.
Y.z.. P ~lAl. 

20£% ea.J. 

. 53% £>evJ/r 
'-(7% CD-+­



- 60 -.5're 
S.re· res .,..£~j flkf'/\i 

''''-''\t-d' 

-
-R- \2.. I 
tJ

1215OCr-<"N~.. 
.f.5'1<-13 

(I« ev. 1226.5D 
,"", to , 

" 5'"0 c... ,~ 2f>.OO 
,-----.--1--------..•..- .. - •. - ... -." ­

... a.... e.R- JLj C "G. 2 .50 

flCcev. 12QO.OO
r 

1150C. t'P'O.OO 

G <c ;)v· Ib"'~.OO 

I,SOc.. .&.1 ~o ..60 

R- IS" 

vJ· LINE' J 

Rood 

~+l\ i U "e;.r 
r--('e +Co~.J.-

- I I 

12.S" 

II I 

.. ~q'16. 15 750 

" I,2. 5"3~g2.50 

2. ey 'l·t. co .575"' 

.-J)O l..~ ":J;rJ 

Il\c~es
 

I U~i+ 

c.-?-:. +­

. ­

I·, (O.c,(, 

31· ILt 

S.2D 

PAG£" ~ 

a. Dto<;ree­
~\ 

0(.1. f3 (opi .....7re...,""ii'" t 
iE; t" <kJJ J cOS 

Sl~.:' J ­

" COS 

.' co S 

II co.s 

trbTAIS 
)5", 

Cr i'h e.. '1t-'I, 

£.xej).")"
1/,0 'I.. 

'U50C­
,V­

l"I,,5.z,D. esD 

'359"'·, '-I{) IIJ7) 3et I.. "S­
12, 2 ?7, 2 S­

10) 950 ' 

2. f lt1i Ie~ 

. 

'pi c;- • 

~'1'!JO/LF 
r'l(jt~ " I 

~_j t ~''-' -. 

~~' .. t...! 

lj 1<'tl ?of.,).r //" 

-~/'" ,.. \( 
"l. ,~ \~. -' 

\..J'~ 

~ 

'J 
-- t 

l 

) .. ' 

r.
 
fh" i e / Woo ch % 
REMARKS 

, 
. 

COST i ... c Iu..ded. ' """ 
R.x- ~"d ~)( - .. 

Prei6c L 5w;fd.l)1~ck os 
;I 

3'll% Crl''''e.., u% EJ<-)
 

3G.% C4t-.
 

Pt ~-,,"', C (:1A.'; f~ (b·~~.Ie:.. Os 
, 'F kD"l/'IClu..d«!':" rr"c t"lu .... ) 

~I"ci ~~ll~ ~lIjt'~. 

2.S % Cr -,,,,,_J 3'1 % ~¥;I "111;(' "- f­

50"co COot-SO %" £ JCc.-..u . 

Pr~' i ('.. -lop SIAl; fd... kcks, 

I"'C ,....J ~ ~ D"e-. ke,. J,....n. l-t r 
r~~,o",-

I I rc., Cr~t\ e::.. 

£XCo.v ..i.t~ it> 
45t:j~ IIGOC 



- -

W-.:J Ro (~ ~_-DC' 1·/'1 :: ("' F\...... H~rd~~r. \e 
ROb£! RCl\che.s 

511~ £~P"'·l'\t Co5T 10 ~ol 
cCJ~r~04Mh~ 

'10 -;3. 00 I~ (.,3. DOe't.c.~1JR-llo 
'1(,,0. 001\5c>C­ .. 

/20.('0(2.D. 00" SOc..R-17 

~ ..- -- -------- -. . .­
322.. 5'0 7/2.50£W.( ~..,.

R- 'S 
'1 SD C­ :3CfO. "" 

~ - -- ._-- ~ ..... ~ _.- ­

f)((_~\J· I~ I. l £' '-/01.25R- ICf 
"2 I.j(). 00,ISOC. 

120.00,,50 CR- 20 '2..0.00 

E)(Ch\J. ,Z cr. l>O ("U1 ct. 00R- 21 
5...,0 c>::>'I5'OC. 

. , £:)(( l! V . 12~. 00 
30~DOR-2.7­

IIS0C ISO.OO. 

....-" . 

I~(). uOI 'gO. 00115'"0 cR- 2.3 

• _.- ._--_•• >-
QCf 00qq.OO)(-zY D-'" 

_. _.--------_.. _.. ~ 

'ir/. zS­81.25'R-J.5 ,..,S-O 

. _.. ..-

105.00BHR--2~ '730·00 
325.00145Q 

t· 

~
 
L.r.Li f\~~r Mod Ot) f<dori,,~-- . t­'f t' .' t,....." 

, 
~.~ I r\J, I c'() [:;ILiOO 
<,t' f rJ 

, II CO S;;00 

,,! , ,, co ::,.500 

. 
r: 

«()~~'15 

I ('u ::.;" 12,5" 

I 
II

31~' CO 5 

I 
3~ 5' (' (J 5" 

l;C." I t ­
Co:o,+ 

•1.33 

.'10 

J. Lf-;) 

/. J.{ r., 

• Cf~ 

I. 7.~ 

9': ­. -.) 

.to 

• LJ II 

.20 

~.J..f(, 

V . i luO% C\..+

I,
 ~O() d ~
 1"(· ~
'22S 

-. 

, 
()JOC".• ,::1 <;, 10070 C• ..,.... . 

~)os"Zzs 

fOO % Ca-l­
t' Y2. w Vz.. P'100' :'9(.""::; 

V, 
'11% 51-+. 

rr('~ H-t\11 .e­" 59% CO-+­'"1S 

L.v ... r<..~ 

•
 
(!,t-~ , .'

Prc}'lri e. / Wood 'J 
REmAKKS 

/..17 % . £"'Cl>'J. 

p, 61 r; e­ 53% - C~t-

100 ~ . Cat­
rr~1t I e.
 

'1Lf %. Eltf'al', 
rt-~;rif:- .J;f&, %- C!f ' 

£xr~ ,)3~ % 
pr~ir; e- (,2.% Cat-

V-O% Ci't­Pr~'1 ric­

£vca.J.I~ r.. 
Pr~i ~ j e.. ~2.C>/o Cot­

'10% E)(c.~u. 

~f Vz. W 
~o,.o Ca~ 



HarJi"~ ~o~d, 0014('('1"­~o-s-... 
p~ :L/-e Ro~d-eRE ~C~ s •

Pr~', tj e I Woo d.s e-+ c. •
D~~f( 'C­/..r:.. REMARKS )YOta I Lhi t­L;tle~r'Sift' o.t~/t.fI~1ir ~ l.rr~" t­co~t·FlfeJ£'fj-"'-i f . I Co ~ r ('0'::' t­

28"~ i3H1"""",,,.:1" 
.~ Pr~i ri e.­I 7~1cJ ~+-tI0S/Cf}S5lra.w/ H~.,0 I '#300.00 #,q 1.11. 2b ,.691725C \'tR-21 $('c.:d 

_. .."." -_._- --_._-~----I~ ~ ,. 25'"14S0 l"~ 

I
 5~% .eH-"~
_____ 1-- -­ • I coiep~tp, ~wSoH a.uJ 
J $'"0% ca-t-BH 150.00 ..,75" 1.00ii '15.00"-28 See dILfSD 32~. 00 

'13% al1------1­ MOS Wood~I.(S.ooBtl . 37 57'0 GaJ," 4SDltD 5. DOR-2.Cf 
110.00IISDC. 

lAJooJs) lot) % C4.+MOSII 

.7'10.00IISOC ~ '10.00 'Ci50' • I z­
-,'. w B-r~-'" sfru. cIr d... 

R-3D 

\I52S' ,.,.,o~ I L<..bo d..s 1'- fc,ut."- 2 -r.r",-~,.;i~1<-31 
)/ .--- ---'---i,~--- etl---- .....-~.. , 1/B~ ('''.50 Cos1270.0D j>r~iri~: 69% Co.-t­K-3~ ~ 100 .~o 

, '-f5'0 12.02. SO 

$. " A~: 13 'U BH­
~1..f;OB H .~~Y'f 11,55"0 IIJ q)07<".2.5' 

,~ % i)il-?"v .TeTALS ~. 73/1-FE)(l6.U.l.$'~ 1''1''1. 7 S', :;.2 fY\11e-s 1150 C.115DCS"1tz... ·3octO. OO .33 '%II 
35% 11.150I L.f so 5.t ~515'. oe 

qq,oo . 3~ D-foD-" 3

157'1'1-­ ~r. 



t>o \~,,_o"- App£ "d \ r:- (0 5 R -- SI<;d~()-S­- - ~J 
-~ 

D- LINE" Spur t~d'!JI Ott +$ (Op ~ V--c,
Hi1l5\Ope.. Wc>tl< ; 

LX. I Dr(-I'~ (,. R£""UlK510 l ,~ \ I J.-jl"(' Ilr-- I V",+s.,~ Iff t hn r, + ()} '~Jopi,. r.(o50T£10U'-'{""_" +. r,,-: rFe.' +­(0- , 
~......~ 3 we-'s 'l~l~eJ 

I 
/S2'P.., 

~h s.....u S05.,'Ii 'I 1725,..,83.'15 ~ lo" ~ H... ell. eo. ­",.111;'378.7bl I ' 1.38 /t. F 

~ R.- l I£" "" flt\i-Iq (au~ dec-le:.­IISOC ~, 1~~.oO G \.:;.".;.. tk ' L:; I ..
 

Loc}d.Lr \ 35.00
 
- --------1 --­._ -.-- -- ~. ... __.. ..1__ .. L .. - --. 

For~ t:~ Cl.t .•cV"",i,.c.. f?d.·----·-·.·----r---- -----. 
~/ I '"v 

~ '- ,50S32.2.50 322.5D 'leo' I .'3'" , 'ldSR:..' ~ £'1<c'Cv. 

£-,..c ~ v. (0,. 25 1# J I -35.00 ;/701. 25 ,26.25 I"I.03/I-F' 
II , I 

~ I Lo~ "er
 
I ~G.O.OO I .6 ft'i Ie ~
 1150 C­ -

$ 270', 2.5' ,
.' I I • 

, I I 



--

---

·r­e e -.
 
80-5
 

.,. 'i3 19. 0 ,3 1522. 110'If· (.0 

,.,. fl,O H.It.
 
.'
 

''f.{,O 1'1. {,O 11 38.00Nr(. "<61.50 

B• .30 22.110 ~~7.00 ~ 75.00 1&2.71.'''·''0 .5 '''.72, 
-. -_. -------------_.__ ..- ... ~_._--_. __ .~. -- ".-­

I. zq H''t. "0 IS. 8' ,"2..30 z.ao 1.75 '4125. 8820'1.13 

,If." 0 
NR. 

1'I.t. 0 &13'.00 '2,'.00 S~7.00 

.. _.. 1~. 
co~r) ~ 'If ~ao ,'C. ''0 2.00 u,.~ '1q 8.00 ~o. SO 2.7·00 1285. SOLIJ#JJ.·~ 

-a ••. _ ••" ~~ 0 ... 2/. ~.;. NR /••. r;;;' l 
., 30 1'1. (.,0 .,. ''f. (gO 't3tf· O O 2.115.75 o 1~J. 7~ ..;;,./i~ R 

~ .. ¢ ~ 
~ 

~I / "':' ", ~.' . Nil.. 1.39.~Z L
.J\~ i l\ 1& u; III." 0 E Iii. ,"0 3"s: 00 JS3.S0 2'1·30 4112,. 
~~ ~~~r~---',~ --'" 20 i /-I.;", '" (,,0 Nit 1/1,'$'( ,.:.. IIf·(,O 2~1.OO '151. SO .zlf· 30 7"7. &0 

7 ~
y) ---.... . 11'1,:; '{" ... . _4. . __• .. ". 

..,R,'IJ.'5"1 L...ZO, !'fL..;!.,: j 'If. (,0 2oQ2.00~ 
R 2D 'LI." 0 82Q.5'O t:'J ",2,.5'0 

... _.­
tt. 21 25 (1.';", .'t." 0 ,:f!NIIJ 13'1·" z.. :.' N. ~ 0 3f.5.~ '~".oo ",p. '0,-1.00 

..- -~- ... --_ ... _------­
1\ Z2 2.0 ; /'1. ~". 'tt· (,,0 It.SO 'fI.5L1 

;. 19.10 382.00 772. SO 
) '1-./._- b 0 "5"1.50 

. ;. ­"- - . '--'. .~-----_.~.. -­-
R 2." 20 . Ilf. "0 3·00 17.~O 352.00 8'6. GO qS.~'t '3' ". Ilf 

---_.
R. l7 30 ''I.~ "1.50 ,q.IO J~2.00 1'1:2 3. GO_._- -' ..._----_._-~. _. - --,_._~-- '80..5':60-.---- - -- -_. __._ .. __4' __ __4._____ Alg.
K n 30 

~- ~-.. - '1 _ 

.'to '0 3·00 17',",0 3SJ·oo 'SCI". 6'0 1'1 ,,~" 5"'6Nk 

p~2. 



,­ --...r-. ePACi' 'tOO .• 
SNO TRAIL. ...... IWIL ROAD CAOSSIIG lOCK COSTS - 8()-S 

~ck ­
Work quantity I Qu,arryc."", T~:nsportl PlaceRot Totll Total Toul LAbor Int. Toul 
Site :rd1 CostlYd3 CosthdJ Cos_tl.Yd~ _ Cost/.Yd3 Rock Cost Excav. Cost Cost Site Cost 

~.~"'-''''''.....--:._.. >­
~ ·lCf
 

~ 30
 

s· 

...e.
1.. 

s . If 

~ ..__ . . '5 
Co , • 
"" -b 

$--C;:•. 4 

30 

30 

20 

20 

~o . 

2.Q 

le-o 

30 

'Totals 25' ~c1 

.3:t?-g~ 
1/80 c.", 

U 

1'1·40 2.S0 17. 10 5/3.00 100 ".SO 
... _. ., _'_ .Ng_.__ 

,S It;. SO 
___... 

/if.~ 350 I~.IO· 5'13·00 2'10.00 7' 3.00 
.-_.. _., .----.... :---.-__. .. _1Y..~ . .,. 

lif· (,,0 "'R.. l'f '0 :let2.00 "'oo.SO '. 992.S0 
- ­ . - . ~ -- - -­ .~ - ... .IJK. 

Itt .lJ,o 
--._. . 

·NR 1'i.40 Zqz.O() 12'3.00 
Nf!... 

'5.55·00 

l'i·"e> IIR l'f· (po SI ii· 00 1301.2.5' 32. 'IS 'Cf 23. '"13 

,.,. '0 
ILf-l. 0 

--.. -_._-" .. -­ -.. 

,.7S­

If. "10 
-­ ...• . . - "­ . 

I",.3S" 

1~·GO 

-. 

3Z7.00 

3/20.00----_... ~_._- .._­ 2" '2. '1.!r 

'13CCl'.00 

~ - - • __ 0. -.,-­

N~ 

'''2. "10 

•• _ ._._ • __• ~. 

7~s.oC) 
-­

Seq.,. ,II: 
-

~._. __ ••• _ 

1'1 ''0 ,~.~~ 2~.23 ''iv· qo s ... .:s"".c:» 0 133.31S' It (,s- 2 ~ 

·C:H2.0~• I.... ~oJc /1"f,311J A"~ 'i.L lite.t 1~)'02.&fO 'JS, II 2.00 • 'fZ"u,.." . 
.;..--oJ'" 

"'I''''£; ~ 
tOJtl-'ul 

• f'1J ~t t'J t~l~:k(,~ . 



•
~()-5 

W-li't'\t Rt~ b;' itaJ')or'l uni+_ 
5t.,..~CWI_~S;~.T!c.et men"k _ 

~eta MiX_:_~}bs. / ~~ 

,._ fhBh'~~d !3~rdBr~s~-=_-,._3'2_'h_~/A_= _'}.220,OOO 5~~d~/A 

.( AeYD5+is ' f600 ,000 s~eds / lb.) 

2· _CreepiV1~_Rc:d F~scu~ - 28.05 /bsjA ; 11,220,000 ~~eds /A 
_ C~"';_+u(~ . 400 ,600 se~s / I/o. ) 

~. Ak Cl roa Or-cl-lClr-O G(.;:l,S - 2(),78 /b~ .11t _~_ /I, ?'-',-;.aO ~~d, / A 

__ {Dody/i5 -_ 5~,O'p'O $~lds.llJ,) __ _ 

~rd~ : 2DOD ./bs. / A
 

70 Ih~1 bClJe, ~. 26.!5 bales /A
 

F~~ I i3U-: 21)0 Ibs. / A.
 

~ l~ - 0 - 13 (5L.tlfur) _
 

"r- 2-0'*0 .
 



....~' _._"""'-,,-""..... : '. ~ -- --_. -~' . 

• I 

$trUl'l"\ Cx'rc... $i~ T(~CJ-hr-.enh S().tr, Hl;1Y'/ (~C ntys by <:.. ;:~ 1(~f.f(J) 

CrtS5;~ ~ L 

'1/':J1 ~lll~ \ sfrcMJ(J j 5/!:5. ~fA .~ba/~~ $trcMJ -K-rhl/;u, It{) 

CV"os5i~ tI. l 

"'/,;)1 ~cduA ~ sfrc'WeJ. SIbs· sud I :3 hc!~'5 S7YEw , tt£. f-rhl,',C/ 

( ()lA-I Ylt'\.. I J~~o" ) 

Cr-D $'S j".9 tI~
 

7/31 5udd ~ Sf:awed ) 3/6.5. sad , 5 ~ales _sfrM I M f'·Yf-d/3u­

(QvJ~ I J8:,,61l)
 

1/7 fv+r Ii~td - 10 Ib~. f-..Yfai3if
 

(Ja~o~ Sft.~)
I 

t~i"9 i4 

~/7 sadtd I str~w~d I f.c...t-ilt;/fd; 4.5 Ibs. ~ecJ, ~ V~ belts 5TrtE>vV I 17 /&5 fc.r+i1;~U' 

CJCl~6r'1, steNe I Lois) 

em ~$~ 1'"9 tf 5 

!J1 ~udrd I 5tY'2'~Jrd. +-..A"-h I:Vtl 9.516! seed I /,'!-; hI!! S1-r;:Jv./ I 3 8 Ib~. £ri/h~CI' 

( J 0. 50n I Sf Nt. • L/) Jj ) 

Cro~in3 i ~ 

8/7 seedt"d, srrallJt'.d, k¥·hl;3(c! I· 5 Its. sad I J h~/~ sfy8vJ I 5Ib.5.IC.rt-il'3CY 

( Jd~O(\, Sf e\It. lb;t, I DcYlh Co ) 



-- - - - --

". -_._.- --" •. ---.-..1: 

... .... ----_... -~ 
I 

J./,,~t, RE~;:bd;bn·ol'l UVld 

"'4Sc s9' fcct­
5 /bs. s~~d 

3;; ba/~s str~\I'tI 

- - IIE: 
·--~l/2 WI

I I 
I I 
I I 
1 I 
I 1 
J ( 

2 Ibs. S~ ((/ I B Ib~ . .sad 
J 2 h;:./~s sfy~1112 1,';'/(5 s f.r~ w 

I \ 
I 

.....\ 
17h')f 

\J 
\

I \ ,/ \
 
\

/ \ 
---~.:>J ,., 

/'J 24 WI 

Ie-------­

'" .......
 

13/_ 
5e.cded I :>/r.2"-J!.d 

Q;Ai r\1'l ,JC?<;>cV\ I 1>01'11"\,;1, Lois 



: .... - .._._-_._-' ..... , . '. . . " 
~._._.- _•..- ------_._---.__.. -

, 
I 

'rJ-/il1c­ Rch;Jbild~t"o'" Un',t 
.... 4<JO sq,.ft. 

.5 Ibs, sud 
3 b81cs sfro!'vJ 

,- - --·G;)-~ -iij-'.- ----,
 
I li I 

If :~ I 
I ~.Slb5. sad / \ , 

2 bC'les s+r~ i~ , / 1.5 Ibs. S('(dI 
I ht?lt str~vJ

I] I I 
1<------------------- - .. --,q~------l-·,----------- - -~~ 

I • 

/ ! I
 
~ I
 

: r} 
/ I I 

I 

"8' 
. :lfv. r(\ 

./ 
", 

........... r
 

"""'" I 

........... ~
 

j-! 
~ i 
: I i 

7j?Jljeo 
~d~ 'i ~f'.?¥Jed 1Quj .... 1\. \ J c?'$C')"I 

£.1 



"~~....- .._-' '-..-............ -'"......:.-._-- - _. ­

\v·/il1e ~ch~bi(d~l-ion Unit 

.... 350 7 9- Ii.e styl' ~W' ~s si l'19 Tfe .;Jtrne,., 1~ 
3 fb, xl"d 
3 b~I{~ ~tr~w
 

10 Ibs. ht,'h~ 

-- ~ 

- ,
- I 

~ ..-;., I,./ .-- /' 

/'---, - --. --- ­
1 

/' " 
\ 

\ 
\ / 

/ /' 

./e \ ./

,.tj Ib 5Hd \ <
 tI" 1·5Ihs. Slc.d 

;', /.5 bales. 5t~:>.,.JJ.? b~k~ sfr.?vJ 

? 1~. k/tl! i'IX 5 I {,5. ~-d"i 1"~cY" 
\
 

\ 

--, 

\\\~ " 
I
 

,
i 

.1 ,\l 
\ I
 
\ I 

./t_ - -
---~ 

11;a1/~ 

S"((.l!(d ~ sfy;'vJ~t1 8 
~iH.\1' J.;I~11 

6/7,'60 

f.....d..1(IVc( 

J..~e 1'\ \ S tve. . 

'-12 



- - - -

--- --

. ~"'. • ...."'- .~- ._- - . _~"_~__:...:.2.. _ 

4.5 /bs. ud 

2, ~ b~{t 5 shC"vJ 

17 1b5. tCNf1II'~!-~ 

/' ~ ­
./ " -- -­

\ , - "f'­ - -
.......... ~
 

"'" \.. '\ - .\. ' ' /.; Ib-;.. :.eed I 

\. ." .JI ~Ie 5tf'~w 
I, '~ 5 Ib$. furl-dip 

" ~2DW\ 

\. \. '~"""\'. ~' " 
\. . " " ,,- ­

" 
#> 

'<;-" "- ". ­" '". '\ ,/ ", 
'. 

",',,
"/

,/" 

. 'I 
.- ---.- -'\... ~ - - - - ­

: 7~ ~L__ ~~I:11 4_m 
~~<:.--_--------:~> 

I 

, :'1 Ir 

t./b- ~c::dllbs . 5t cd Ii+-' 
f If,. b;Jk m~.,JI b.?k ~tr-.?w I 4 IbS. f.,h li~CK$ lb!.. htih~tr II
 

I
 I 

1
I 

I 
1 \r I 
I : 

I 

_! 
i 

I 

, I 1 
I 

. I 

f 
- ------------ - -Il -~ 

1 



'.. 

", 

w-lil'l~ Reh~b;ljf.;-h:Jr'\ Lhl;t ,.. ~OO sq. {cd 

•	 Sty(~M C~$$; noS Ir~cd fh('t'lls q.6 1b5. s~~J 

"'? bCl/~ ~I (~.J 

,r II,,· (vi. 

'£171~ 
5CeOtd I 5+r-~-....ler~. 0tiIi ?ctl 

Jd~On I SiCl.It , Loi~ 

" "­
, 

, 
I 

2.S 11:,5. £-ccd 

2 ba(f~ 'SMvJ 

10 l"s. fuf.'-'j ~u-

' .('~l\~if 
• _ ~I 1'( d hefc,~, 

\ , , 
.A. 

/-~ I •/' ­. - . / 
,/ 

/
 
/
 

./ 
./ 



.. 
W·/il1e Rd7;;bilif~tion l..{nit 

-"J {')o sq. fttle 5tftClt'Y'\ Cr-o~si~ T(~i mevrfs 
{.5 lhs. ~«d 

I b.. l, ~Ir.a 'oJ 

5 'b~. f.....rliIl1ef 

-
'09 

J 

J 

I 
f 
I 
i 
f 
I 
I 
I 
I, 
,~ 

J 

I, 
I 
1_ ­ -

~ 

~vr'\ 

(.,m 

--,­ ---­ --­ --.,' 

1,, 
I, 
I 
I 
I 

I 
J 

>/ 
I 
I 
I 
I--... 

I/7/W 
~t~ed, sfTc>yJta. for-hli;d 

e Jc~n. Sk..t.t., l..tJi~ DoI"I~.aI 



JBarnes
Text Box
Unit: 80-5 1-A



JBarnes
Text Box
Unit: 80-5 1-B



JBarnes
Text Box
Unit: 80-5 1-C



JBarnes
Text Box
Unit: 80-5 2-A



JBarnes
Text Box
Unit: 80-5 2-B



JBarnes
Text Box
Unit: 80-5 2-C



JBarnes
Text Box
Unit: 80-5 2-D



JBarnes
Text Box
Unit: 80-5 2-E




