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Abst ract . .  The e ros ion  con t ro l  program a t  Redwood National  Park 
began i n  1977 with s e v e r a l  small p i l o t  p r o j e c t s  in tended t o  t e s t  a  
l i m i t e d  number of techniques  and t o  eva lua te  o v e r a l l  program f e a s i -  
b i l i t y .  I n  1978 and 1979, work focused on t h e  t r ea tment  of a  wide 
v a r i e t y  of  e ros iona l  problems through ex tens ive  experimental  a p p l i -  
c a t i o n  o f  heavy-equipment and l abor - in tens ive  t r ea tments .  By 1981, 
t h e  bes t ,  p rev ious ly  t e s t e d  techniques were being s y s t e m a t i c a l l y  
implemented with t h e  goal  of  maximizing t h e  e f f e c t i v e n e s s ,  o r  c o s t -  
e f f e c t i v e n e s s ,  of e r o s i o n  prevent ion and c o n t r o l .  Over t h i s  f i v e  
year  pe r iod ,  r e h a b i l i t a t i o n  has s h i f t e d  from a  methodology dominated 
by l abor - in tens ive  t r ea tments  t o  one which emphasizes t h e  use  of 
heavy, earth-moving equipment. The once s u b j e c t i v e  approach devel-  
oping work p r e s c r i p t i o n s  s o l e l y  through p r o f e s s i o n a l  judgement has  
l a r g e l y  been rep laced  by t h e  a p p l i c a t i o n  o f  more s t andard ized  
o b j e c t i v e  c r i t e r i a  f o r  decision-making. Future  changes i n  t h e  
e ros ion  c o n t r o l  program a r e  expected t o  be l e s s  s u b s t a n t i a l  than  
those  which have a l r e a d y  occurred.  

INTRODUCTION Il 
Redwood National  Park i s  l o c a t e d  i n  t h e  downstream p o r t i o n  of t h e  Redwood 
Creek bas in ,  an e longa te ,  55-mile long,  s t r u c t u r a l l y  c o n t r o l l e d  dra inage 
i n  nor th  c o a s t a l  C a l i f o r n i a .  According t o  Janda (1978), sediment y i e l d s  i n  
Redwood Creek a r e  unmatched f o r  comparably s i z e d ,  nonglacia ted  d ra inage  b a s i n s  
i n  North America. In  1978, t h e  U.S.. Congress expanded Redwood Nat ional  Park 
t o  an a d d i t i o n a l  48,000 ac res  of land i n  t h e  lower end of t h e  Redwood 
Creek basin t o  preserve and protect  a remnant of the once extensive coas ta l  
redwood ecosystem. About 36,000 a c r e s  of t h i s  a r e a ,  which had been p rev ious ly  
modified by road bu i ld ing  and t imber h a r v e s t ,  i s  now t h e  focus  of a  l a r g e - s c a l e  
r e h a b i l i t a t i o n  program t o  reduce acce le ra ted  e ros ion  r a t e s  and t o  speed t h e  
vege ta t ive  recovery o f  cu tover  lands .  
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The r e h a b i l i t a t i o n  program i s  a  mul t i f ac ted  e f f o r t  designed t o  meet t h e  
. 

following o b j e c t i v e s :  1) t o  minimize the  amount of sediment d e l i v e r e d  t o  
stream channels from a r e a s  d i s t u r b e d  by logging,  including removal o f  approxi-  
mately 250 m i l e s  of logging roads;  2 )  t o  r e s t o r e  and p r o t e c t  a q u a t i c  and 
r i p a r i a n  resources  wi thin  t r i b u t a r i e s  and along t h e  main channel of  Redwood 
Creek; 3) t o  encourage t h e  r e t u r n  o f  a  n a t u r a l  p a t t e r n  of  v e g e t a t i o n  on p r a i r i e s  
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Figure 2 .  comparison o f  e ros ion  c o n t r o l  c o s t s  a t  Redwood National  
Park: 1977- 1981 

p 

National  Park Serv ice  s a l a r i e s  a s s o c i a t e d  w i t h  p lanning,  super-  
v i s i n g  and admin i s t ra t ing  r e h a b i l i t a t i o n  a c t i v i t i e s  a r e  not  shown. 

Includes  c o s t s  of heavy equipment r e n t a l s ,  ' w i t h  opera to r s  and f u e l  
included.  

Includes  c o s t s  of  l a b o r  c o n t r a c t s ,  s a l a r i e s  o f  in-house l a b o r e r s  
used t o  perform miscellaneous r e h a b i l i t a t i o n  work and m a t e r i a l s  
used f o r  eros ion con t ro l  and revege ta t ion .  Salvaged wood (no cos t  
t o  government) and m i l l i n g  expenses f o r  boards  used t o  c o n s t r u c t  
e ros ion  c o n t r o l  devices  a r e  not  included.  Costs  f o r  w a t t l e s  
included i n  eros ion c o n t r o l ,  no t  i n  r e v e g e t a t  ion .  



and logged t imberlands and; 4 )  t o  encourage t h e  p reven t ion  and con t ro l  of 
management-related e ros ion  on p r i v a t e  lands  where t imber  i s  harvested upstream 
from t h e  park.  F u l f i l l i n g  t h e  f i r s t  ob jec t ive  has been t h e  primary emphasis 
of r e h a b i l i t a t i o n  on Redwood National Park lands from 1977 t o  1981. This i s  
being accomplished through t h e  use of primary and secondary e r o s i o n  c o n t r o l  
treatment s l  which incorporate  heavy equipment and/or l a b o r - i n t e n s i v e  t ech-  
n iques .  In a d d i t i o n  t o  e ros ion  c o n t r o l  a c t i v i t i e s ,  a  companion program 
addresses revege ta t ion  o f  bare  s o i l  a reas ,  including those  d i s t u r b e d  during 
eros ion con t ro l  work. Other programs which address  t h e  remaining o b j e c t i v e s  
a r e  a l s o  i n  p rogress .  This paper w i l l  review changes i n  approaches and 
techniques f o r  e ros ion  con t ro l  dur ing t h e  f i r s t  f i v e  y e a r s  of t h e  watershed 
r e h a b i l i t a t i o n  program a t  Redwood National Park. Other r e p o r t s  wi th in  t h i s  
volume (Bundros, - e t .  - a l . ,  1982; T e t i ,  1982) and elsewhere (Kelsey and Weaver, 
1979; Madej, - e t .  - a l . ,  1980; Weaver and Madej, 1981) d i s c u s s  s i t e - s p e c i f i c  
eros ion con t ro l  c o s t s  and methodologies. Revegetation techniques  used a t  
Redwood National Park a r e  reviewed i n  t h i s  volume by Hektner, s. c. (1982). . 

ANNUAL OVERVIEW OF THE REHABILITATION PROGRAM AT REDWOOD NATIONAL PARK 

I n  a n t i c i p a t i o n  of Redwood National Park expansion, t h r e e  p i l o t  p r o j e c t s  were 
: 

i n i t i a t e d  i n  t h e  summer of 1977 t o  s tudy i n d i v i d u a l  e r o s i o n  c o n t r o l  and 

shown i n  Figure 2 .  

excavated stream c r o s s i n g s .  Mulching, w a t t l i n g ,  p l a n t i n g  and seeding b a r e  
s o i l  a reas  c r e a t e d  dur ing road ou t s lop ing ,  l a n d s l i d e  s t a b i l i z a t i o n  and stream 
channel excavat ions  a l s o  r e p r e s e n t  secondary e ros ion-con t ro l  t echn iques .  
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Table 1. Summary of  eros ion c o n t r o l  a c t i v i t i e s  and techniques  1 

% used i n  Redwood National  Park 1977-1981. gS 

~ i l e s  of road t r e a t e d  
.r; 

0 .6  1 . 6  10.4  16.2 
.... 
~ a u l  road stream c ross ings  0 7 64 93 
,$!, excavated 
is, ,. 
Skid t r a i l  s tream c ross ings  0 16 5 7 75 
2 .  excavated 
.@: 
txcavated stream c ross ings  0 10 7 2 4 
Rraprotected wi th  check dams 
- ' r- 
Pxcavated stream c ross ings  0 3 4 8 104 
2 pro tec ted  with rock armor 
&. 
!ass movement f e a t u r e s  t r e a t e d  0 0 1 2 

eavy equipment used 6:: BD 
$. 
i; 
~ e a v y  equipment techniques CR,OS, 
~i RD,WB 
ti. 

CA,CR,FD, 
OS, PR,RD, 

DC ,WB 

CA,CR, FD, 
LJ,OS,RD, 

DC,WB 

k s c  . l abor  i n t e n s i v e  techniques DC, S, I" t o  c o n t r o l  s u r f a c e  eros ion W , W B  
ii 
i i L, 

k c .  labor  i n t e n s i v e  techniques  CA,CD,  
I. t o  c o n t r o l  e ros ion  i n  stream WL 

channels o r  g u l l i e s .  

CT, J , M , R C  
MS,S,W,WB, 

WT 

HMYEBJJ, 
MS, RC, S, 

WB 

CD,GP,  
WL, CA 

ABBREVIATIONS 

5.2 Erosion Control  Techniques: 

3A channel armoring LJ log  jam removal 
check dam M mulch 

3R c r o s s  road d r a i n s  MS s t raw mulch 
;T contour  t r enches  OS road ou t s lop ing  
3C d e b r i s  c l ea rance  PR p r a i r i e  r e s t o r a t i o n  
38 e x c e l s i o r  b lanke t  RC r a v e l  c a t c h e r s  
$' flume RD road decompact i o n  (ripping) 
?;D f rench  d r a i n  S seeding (g rass ,  e t c . )  9 g u l l y  plug w w a t t l e s  
;S g u l l y  shaping WB waterbars 

hydromulch 
( 5  

WL water l adder  
j u t e  n e t t i n g  WT wooded t e r r a c e  

p 

Heavy Equipment: 

B backhoe 
BD b u l l d o z e r  
C crane  
D dump t r u c k  
E h y d r a u l i c  excavator  
G g rader  
L loader  



The scope and use fu lness  of r e h a b i l i t a t i o n  work conducted i n  1977 was l imi ted 
by t h r e e  p r i n c i p a l  f a c t o r s .  First ,  t h e  Nat ional  Park Serv ice  d i d  not have 
access  t o  cutover  lands  which were s i m i l a r  i n  h a r v e s t  age ,  s teepness  o f  

program design before  t h e  onset  of win te r  r a i n s .  Th i rd ly ,  National Park 
Service  personnel and l o c a l  c o n t r a c t o r s  were r e l a t i v e l y  inexperienced i n  

s t a b l e  lands found m t h e  Redwood Creek b a s i n .  In  a cooperat ive  e f f o r t ,  t h e  . 

National Park Service  drew heav i ly  upon t h e  exper ience and imagination of 
l o c a l  c o n t r a c t o r s  t o  des ign,  t e s t ,  and document va r ious  r e h a b i l i t a t i o n  t ech-  

program demonstrated some of t h e  advantages of heavy equipment; r evea led  
l i m i t a t i o n s  o f  performing c e r t a i n  t a s k s  with manual l a b o r ;  educated park s t a f f  
i n  c e r t a i n  c o n t r a c t i n g  procedures; r evea led  t h e  need f o r  documentation of worc 
accomplishments, u n i t  c o s t s ,  and t a s k  e f f e c t i v e n e s s ;  and pointed t o  t h e  impor. 
t ance  o f  t h e  proper des ign,  cons t ruc t ion  and maintenance of e ros ion  c o n t r o l  

a r e a s  d i sp lay ing  a wide v a r i e t y  of e r o s i o n  problems. Incorporated i n t o  t h e  
program was a comparatively r igorous  e f f o r t  t o  document (by photographs and 
surveying) s i t e  condi t ions  be fore ,  dur ing,  and a f t e r  t rea tment  t o g e t h e r  with 
d e t a i l e d  cos t  accounting of ind iv idua l  work i tems.  Thus, a d a t a  base was 
e s t a b l i s h e d  f o r  a c r i t i c a l  a n a l y s i s  of t h e  c o s t  and e f f e c t i v e n e s s  of va r ious  
r e h a b i l i t a t i o n  t rea tments .  

The f i v e  s i t e s  t r e a t e d  i n  1978 (Figure 1) incorporated a wide v a r i e t y  of reha 
i l i t a t i o n  techniques  (Table 1). Heavy equipment was used t o  "remove" roads i 
(p r imar i ly  by ou t s lop ing) ,  reshape l and ings ,  and excavate f i l l  m a t e r i a l  fromi- 
road and s k i d - t r a i l  stream cross ings  cons t ruc ted  dur ing previous logging 1 

opera t ions .  However, t h e  major i ty  o f  t ime, e f f o r t  and money spent  during 192 

were now def ined by t h e  Park Service  and included a s  b i d  i tems.  Under t h i s  

i l i t a t i o n  s i t e s .  

In  1978, ' National Park Service  personnel were respons ib le  f o r  a s s e s s i n g  and 
documenting e ros ion  cond i t ions  on t h e i r  s i t e s ,  p r e s c r i b i n g  e ros ion  c o n t r o l  a 



-evegetation t rea tments ,  supervis ing heavy equipment opera t ions  ( v i a  equipment 
qental agreements with l o c a l  c o n t r a c t o r s ) ,  and p repar ing  c o n t r a c t s  and t e c h n i c a l  
; p e c i f i c a t i o n s  f o r  l abor - in tens ive  work. One major hindrance t o  e f f e c t i v e  
:xperimental r e h a b i l i t a t i o n  t h a t  year was an outcome of  t h e  l a t e  Spring,  1978, 
. e g i s l a t i v e  expansion of t h e  park.  National Park Serv ice  s c i e n t i s t s  were 
Infamil iar  with most of t h e  newly added park lands  and were rushed t o  l o c a t e  
; u i t a b l e  s i t e s  t o  t e s t  r e h a b i l i t a t i o n  techniques .  The delayed schedule 
.everely r e s t r i c t e d  t h e  time a v a i l a b l e  f o r  t a s k s  such a s  e ros ion  i n v e n t o r i e s ,  
rork-site p r e s c r i p t i o n  development, and c o n t r a c t  p repara t ion  and a d v e r t i s i n g .  
n  add i t ion ,  s i n c e  a  p l a n t  e c o l o g i s t  had no t  been h i r e d  f o r  t h e  1978 season, 
.any revege ta t ion  techniques were modeled a f t e r  1977 methods. A s  a  r e s u l t ,  
ome of t h e s e  techniques,  e s p e c i a l l y  t h e  use o f  willow on d ry  s i t e s ,  were 
nappropriate f o r  t h e  l o c a t i o n s  where they were app l ied  (Madej - e t .  - a l . ,  1981, 
.eed and Hektner, 1981) . 
he fundamental goal  of t h e  r e h a b i l i t a t i o n  program has  always been e ros ion  
on t ro l  and t h e  reduc t ion  of e leva ted  sediment y i e l d s .  Yet, not  u n t i l  t h e  end 
f 1978 d i d  it become apparent t h a t  extensive  use  of heavy equipment was 
ecessary  t o  f u l f i l l  t h i s  goal (Madej , - e t .  - a l . ,  1980) . Perhaps t h e  most important 
on t r ibu t ions  of t h e  1978 program were no t  those  s p e c i f i c a l l y  a s s o c i a t e d  with 
o n t r o l l i n g  increased e ros ion .  For example, major b e n e f i t s  which have proven 
nvalnable i n  subsequent y e a r s  include : t h e  exper ience gained i n  1 abor 
ontract ing;  t h e  development of more accura te  p r e s c r i p t i o n s  f o r  t h e  use of 
? e c i f i c  heavy equipment and l abor - in tens ive  procedures;  t h e  formulat ion of 
n i t - c o s t s  f o r  e ros ion  c o n t r o l  p r a c t i c e s ;  and t h e  development of a  r o u t i n e  
?thodology f o r  approaching watershed r e h a b i l i t a t i o n .  In  f a c t ,  t h i s  formulated 
?preach (Department of I n t e r i o r ,  1981) cont inues  t o  be app l ied  t o  r e s t o r a t i o n  
~ r k  i n  Redwood National Park t o  t h e  p resen t  t ime.  

1 c o n t r a s t  with previous  years ,  work i n  1979 included ample l ead  t ime f o r  
Lanning and l o g i s t i c a l  arrangements. Ear ly  i n  1979 c r i t i c a l  s i t e s  had been 
l e n t i f i e d ,  al lowing park s t a f f  t o  inventory e ros ion  f e a t u r e s  and f i n a l i z e  
)rk p r e s c r i p t i o n s  on t h r e e  s i t e s  during t h e  winter  and spr ing  months. This 
:suited i n  much l a r g e r  (Figure  1) and more complex r e h a b i l i t a t i o n  s i t e s .  One 
i these  incorporated an a r e a  of over 600 a c r e s ,  conta ined i n  excess  of 100 
l jor work l o c a t i o n s ,  and requ i red  approximately $250,000 t o  t r e a t .  I n  
Idi t ion,  r e h a b i l i t a t i o n  work on a  four th  s i t e  was completed by means of a 
q u e s t  f o r  Proposal  (RFP) c o n t r a c t  (Kelsey and Stroud,  1981) . 
:e most s i g n i f i c a n t  e r o s i o n a l  problems addressed i n  1979 had r e s u l t e d  from 
ream d i v e r s i o n s  a t  poor ly  designed o r  unmaintained s k i d - t r a i l  and haul-road 
ream c r o s s i n g s .  Many of  t h e s e  d ivers ions  r e s u l t e d  i n  t h e  development of 
rge g u l l y  systems on ad jacen t  h i l l s l o p e s  o r  'caused bank f a i l u r e s  i n  nearby 
ream channels  sub jec ted  t o  increased flows (Weaver, e t .  a l . ,  1981a). Two s i t e s  - - 
volved r e c e n t l y  cons t ruc ted  roads and cutover a r e a s  loca ted  on s t e e p  s lopes  
jacent t o  Bond Creek and Bridge Creek (Figure  1).  These a r e a s  contained 
o la ted ,  a c t i v e  e r o s i o n a l  f e a t u r e s  and o ther  ve ry  l a r g e  p o t e n t i a l  sources  f o r  
t u r e  sediment' production and d e l i v e r y .  Erosional problems s i m i l a r  t o  those  
dressed i n  1979 ( p a r t i c u l a r l y  a c t i v e  o r  p o t e n t i a l  dra inage d ivers ions )  have 
ntinued t o  r e c e i v e  high p r i o r i t y  cons idera t ion  i n  subsequent y e a r s .  

e  most ex tens ive  experimentation with heavy equipment and l a b o r - i n t e n s i v e  
chniques i n  t h e  f ive -year  h i s t o r y  of t h e  r e h a b i l i t a t i o n  program occurred i n  
79. A l a r g e  v a r i e t y  of equipment was used (Table 1) inc lud ing :  machinery t o  
navate and shape s o i l  and d e b r i s  removed from stream channels  and road benches 



(backhoes, bul ldozers ,  cranes ,  and a hydrau l ic  excava tor ) ,  equipment t o  load 
and haul mate r ia l s  t o  and from work sites (dump t r u c k s  and l o a d e r s ) ,  and 
equipment t o  prepare  and mainta in  smooth road systems f o r  e f f i c i e n t  end-hauling 
(grader  and water t r u c k ) .  In  a d d i t i o n  t o  t e s t i n g  new techniques ,  d i f f e r e n t  
types  of equipment were used f o r  s i m i l a r  work t a s k s ,  and i n d i v i d u a l  work t a s k s  
were performed t o  varying degrees .  For example, landing t rea tments  ranged from 

r e s u l t e d  i n  s i g n i f i c a n t  improvements i n  t h e  cost -effect iveness  o f  r e h a b i l i t a t i o n  
work dur ing 1980 and 1981. 

opera t ions ,  andwell  i n  advance of t h e  onse t  o f  win te r  r a i n s .  This  had not  
always been poss ib le  dur ing previous  y e a r s .  

1 

r e h a b i l i t a t i o n  s t a f f .  However, a s  s i t e s  became l a r g e r ,  more numerous, and mo 
complex, a separa te  s t a f f  was needed t o  i n s t a l l  monitoring s t a t i o n s ,  t o  evalua 
new techniques used i n  a v a r i e t y  of s e t t i n g s ,  and t o  conduct s t u d i e s  aimed a t  
improving t h e  c o s t - e f f e c t i v e n e s s  o f  ongoing opera t ions .  A d d i t i o n a l l y ,  a plan 
e c o l o g i s t  assumed f u l l - t i m e  r e s p o n s i b i l i t y  f o r  p r e s c r i b i n g  r e v e g e t a t i o n  t r e a t  
ments on p r o j e c t  s i t e s  supervised by park s t a f f  and eva lua t ing  a l l  r e v e g e t a t i  
t r ea tments  appl ied wi th in  t h e  park.  

By Spring of 1980, p re l iminary  r e s u l t s  from monitoring s t u d i e s  i n d i c a t e d  t h a t  
e ros ion  from bare  s o i l  a r e a s  on 1978 - 1979 work s i t e s  represen ted  only  a mino 
component of t h e  t o t a l  p o s t - r e n a b i l i t a t i o n  s o i l  l o s s  occur r ing  on t h e s e  u n i t  
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Most of the  erosion was found t o  be emanating from channel downcutting and 
widening. These findings supported the  general t rend  of gradual ly reducing 
t h e  r e l a t i v e  emphasis placed on cont ro l l ing  surface erosion.  Approximately 75 
percent and 50 percent of the  t o t a l  cost  f o r  secondary erosion control  t r e a t -  
ments i n  1978 and 1979, respect ively,  were designed t o  address t h i s  source of 
sediment. Signif icant  reductions ( t o  a low of 17 percent) continued i n  1981. 
of t h e  previously used labor-intensive techniques were a l s o  found t o  be 
excessively cos t ly  and/or inef fec t ive ,  and some were discovered t o  c r ea t e  
erosional  problems grea te r  than those they were designed t o  cont ro l  (Weaver 
and Sel tenrich,  1981). As a r e s u l t ,  a number of techniques were discontinued 
or  modified, and the  t h r u s t  of fu tu re  labor- intensive e f f o r t  and experimentation 
was focused on s t ab i l i z ing  excavated stream channel reaches and promoting 
revegetat ion.  Surface erosion was s t i l l  t o  be t r ea t ed  on fu tu re  r e h a b i l i t a t i o n  
s i t e s ,  but i n  a more cos t -e f fec t ive  manner. 

In 1980, twenty ful l - t ime personnel (geologis ts ,  hydrologis ts ,  p lan t  ecologis t s ,  
and technicians)  were responsible f o r  coordinating and supervising erosion 
control  and revegetat ion a c t i v i t i e s  on s i x  r e h a b i l i t a t i o n  s i t e s  (compared t o  
s i x  pos i t ions  i n  1979 and f ive  pos i t ions  i n  1978). Five of these s i t e s  were 
supervised by park s t a f f ,  t he  s i x t h  s i t e  was t r e a t e d  by a contractor  under a 
negotiated, firm, f ixed-price RFP contract ,  A nonc r i t i ca l  seventh s i t e ,  
located west of P ra i r i e  Creek (Figure I ) ,  was t rea ted  as  par t  of a  t ra in ing 
program conducted by a nonprofit ,  community serv ice  organizat ion.  This 
t r a i n i n g  s i t e ,  discussed by Parsons and Rhode (1981), i s  not a source f o r  data  
used i n  t h i s  repor t .  

Heavy'equipment treatments i n  1980 continued t o  be p a r t i a l l y  experimental, but 
many techniques r e f l ec t ed  standardized approaches developed over t he  previous 
three  years (Table 1 ) .  Experimental use of heavy earth-moving equipment 
consisted of p r a i r i e  res tora t ion  (gul ly and road o b l i t e r a t i o n ) ,  treatment of 
large scale 'mass movement fea tures ,  the  c rea t ion  of new, a r t i f i c i a l  stream 
channel reaches,  and extensive rock armoring of excavated stream channels. 
Secondary t reatments  (predominately rock armoring) accounted f o r  26 percent of 
the  t o t a l  heavy equipment cost i n  1980 a s  opposed t o  only th ree  percent of 
t h e  year before.  

Labor-intensive treatments i n  1980 focused on the  prevention of stream channel 
erosion i n  areas disturbed during the  heavy equipment phase of r ehab i l i t a t ion .  
Most of t h e  labor- intensive e f f o r t  was spent on the  construct ion of checkdams. 
Previously, i n  Redwood National Park, checkdams had only been constructed on 
stream channels draining between 10 and 40 ac re s .  In 1980, checkdams were 
i n s t a l l e d  on l a rge r  stream channels draining up t o  70 acres .  This permitted 
cost and ef fec t iveness  comparisons of checkdams with machine-placed rock armor 
f o r  s imi la r  s ized  streams. Labor-intensive techniques used t o  cont ro l  surface 
erosion were s implif ied and involved only minor experimentation. The most 
expensive techniques ( j u t e  ne t t ing  and exce ls ior  blankets)  were general ly  
reserved f o r  s teep,  f r e sh ly  disturbed slopes judged capable of contr ibut ing 
s ign i f i can t  quan t i t i e s  of sediment i n t o  adjacent stream channels. By f a r  t he  
most common treatment t o  cont.rol surface erosion on 1980 s i t e s  was t h e  wide- 
spread appl ica t ion  of straw mulch. 



Most l abor - in tens ive  work on 1980 s i t e s  was accomplished by t h e  r e c e n t l y  
enlarged park labor  fo rce .  While two . p r o j e c t s  were completed by,IFB and RFP 
c o n t r a c t s ,  a  s i g n i f i c a n t  por t ion ' .o f  t h e  remaini.ng l abor - in tens ive  work . 
was provided by a nonprofit  community o rgan iza t ion  f o r  t h e  handicapped 
(Redwoods Unit'ed, Inc. ) , through a cooperat ive  agreement with t h e  National 
Park Serv ice .  The major advantage of having most o f  t h e  l abor - in tens ive  
work performed by park and Redwoods United l abor  f o r c e s  was t h a t  n e a r l y  a l l  
e ros ion  con t ro l  t r e a t m e n t s c o u l d b e  appl ied before  t h e  f i r s t ,  s i g n i f i c a n t  
win te r  storms. I n  previous years ,  delays  and l e g a l  t ime  c o n s t r a i n t s  a ssoc ia ted  
with formal government c o n t r a c t i n g  d i d  not  a l low labor - in tens ive  work t o  
begin u n t i l  well  i n t o  t h e  r a i n y  season. However, i n  t h e  absence of c l o s e  
supervis ion of in-house l abor  crews, some e ros ion  c o n t r o l  devices  proved t o  be 
of l e s s e r  q u a l i t y  and/or more c o s t l y  than s i m i l a r  dev ices  cons t ruc ted  by contrac 

Overall  e ros ion  c o n t r o l  c o s t s  i n  1980 were t h e  h ighes t  t o  d a t e  f o r  t h e  
r e h a b i l i t a t i o n  program (Figure 2 ) .  This i s  p r i m a r i l y  a t t r i b u t a b l e  t o  t h e  amount 
spent  f o r  l abor - in tens ive  and heavy equipment secondary e ros ion  c o n t r o l  t r e a t -  
ments. Weaver, et.. a l . ,  (1982b) d i scuss  t h e  r e l a t i v e  c o s t - e f f e c t i v e n e s s  of - - 
primary and secondary t rea tments  used a t  Redwood National Park and conclude tha t  
i n  many cases ,  secondary t rea tments  can be minimized o r  f o r f e i t e d  i f  a high- 
q u a l i t y  primary t reatment  i s  app l ied .  This concept was used a s  a des ign 
c r i t e r i o n  f o r  much of t h e  1981 r e h a b i l i t a t i o n  work and r e s u l t e d  i n  s u b s t a n t i a l  
savings  with l i t t l e  n o t i c e a b l e  decrease  i n  t h e  e f f e c t i v e n e s s  o f  most r e h a b i l i t a - '  
t ion work. 

- 
In  1981, seventeen personnel were respons ib le  f o r  e r o s i o n  c o n t r o l  a c t i v i t i e s  
on s i x  s i t e s .  Five s i t e s  were supervised by park s t a f f  and t h e  s i x t h  was 
t r e a t e d  under an IFB c o n t r a c t .  Work i n  1981 was designed t o  s t andard ize ,  a s  

t a t i o n .  P r i o r  t o  1981, work p r e s c r i p t i o n s  received v a r i e d  amounts of review 
and were commonly based on s u b j e c t i v e  eva lua t ions  of t h e  s e v e r i t y  o f  e x i s t i n g  

wi th in  any one of t h e  r e h a b i l i t a t i o n  u n i t s  became more d e f e n s i b l e  and l e s s  
dependent on s u b j e c t i v e  judgment. 



Unique t o  1981, one r ehab i l i t a t i on  pro jec t  was t o t a l l y  devoted t o  t h e  
', s t a b i l i z a t i o n  of a large,  ac t ive  landsl ide (near Emerald Creek a t  t h e  

s i t e  of a u n i t  t r ea t ed  i n  1978 (Figure 1 ) ) .  Smaller and/or l e s s  ac t ive  
!-. landsl ides  i n  the  park had been t r ea t ed  i n  previous years ,  but  such work 

represented only s ingle  elements of la rger  r e h a b i l i t a t i o n  u n i t s .  The cos t  
: for  the Emerald Creek landsl ide treatment represented approximately 18 

percent of the  t o t a l  heavy equipment expenditure f o r  primary erosion cont ro l  
treatments i n  1981. However, t h i s  landsl ide had the  p o t e n t i a l  f o r  con t r i -  
buting a t  l e a s t  a s  much sediment t o  Redwood Creek a s  t h e  combined t o t a l  
of a l l  other  sediment sources i den t i f i ed  and t r ea t ed  within Redwood National 
Park i n  1981. While landsl ide s t a b i l i z a t i o n  i s  an extremely d i f f i c u l t  and 
frequent ly unsuccessful undertaking, the  po ten t i a l  bene f i t s  can be enormous. 

0 
1 

Labor-intensive cos ts  i n  1981 were the  lowest i n  four years and r e su l t ed  from 
a concerted e f fo r t  t o  minimize the appl ica t ion  of l e s s  cos t -e f fec t ive  

o secondary erosion-control treatments (espec ia l ly  checkdams) on r e h a b i l i t a t i o n  
; ) s i t e s .  Most of the labor-intensive erosion cont ro l  work was performed by t h e  

National Park Service and Redwoods United labor forces .  One s i t e  had minimal 
i treatment under an IFB contract .  Revegetation work on two other  s i t e s  was 
, accomplished by IFB cont rac t ,  and the  remaining four  s i t e s  were planted and 
. seeded by park laborers .  
r 

SUMMARY AND CONCLUSION 

.Watershed r e h a b i l i t a t i o n  a t  Redwood National Park has grown from small p i l o t  
~ r o j e c t s  a l l  d i rec ted  by one person, through an extensive experiniental phase 
with f i v e  t o  s i x  personnel responsible f o r  four t o  f i v e  s i t e s ,  t o  a mult i -  
faceted organizat ion of twenty t o  twenty-five people d i r ec t ing  and evaluating 
erosion cont ro l  and revegetat ion a c t i v i t i e s  on s i x  t o  seven s i t e s .  Expendi- 
t u re s  expanded with an increase i n  personnel, experimentation, and s i z e  of 
r e h a b i l i t a t i o n  s i t e s  but leveled of f  with refinement of t h e  program. 
Evaluation of data  from previous years d i r e c t  1 y influenced expenditures i n  
1980 and 1981 by emphasizing the  most cos t -e f fec t ive  treatments and minimizing 
l e s s  cos t -e f fec t ive  work items. 

Given the  l a rge  number of changes i n  procedures and techniques which have 
occurred i n  t he  r e h a b i l i t a t i o n  program, it is  d i f  f i c u l f  t o  demonstrate 
improvements i n  the cost-effect iveness  of work items and techniques with the  
generalized da ta  i n  t h i s  r epo r t .  The varied nature of complex physical 
conditions encountered on r e h a b i l i t a t i o n  s i t e s  a l s o  makes it impossible t o  
compare annual expenditures wi th  t he  accomplishments l is ted i n  Table 1. 
However, t he  datapr-esented does summarize annual t rends  i n  overa l l  expendi- 
t u re s  and demonstrates an evolution i n  the  number and v a r i e t y  of erosion 
control  p rac t i ce s  used a t  the  park. 

The approach t o  erosion control  sh i f t ed  from an experimental phase, where 
judgements t o  t r e a t  an erosional  problem were o f t en  subjec t ive ly  formulated 
by individual  pro jec t  leaders ,  t o  a more systematic process implementing 
an object ive.  approach, with considerable peer review, which attempts t o  quantify 
poten t ia l  sediment sources and the benef i t s  t o  be obtained by treatment.  
Additionally, various design c r i t e r i a  have been incorporated i n t o  t h e  program 
t o  s tandardize and improve spec i f i c  treatments.  



Many s igni f icant  erosional problems within the  park a r e  caused by debr i s  i n  
or  near stream channels and r e s u l t  from t h e  construct ion of roads or t r a c t o r  
skid t r a i l s  during previous timber harvest  a c t i v i t e s .  The methodology f o r  
treatment of these erosional problems has evolved from a program ,dominated 
by labor- intensive techniques t o  one emphasizing t h e  use of more cos t -  
e f f ec t ive  heavy equipment treatments.  In general ,  t h e  most e f f ec t ive  and 
e f f i c i e n t  erosion-control prac t ices  have been those primary treatments which 

ea r th  moving equipment. 

increased. This resu l ted  because channel armoring with coarse rock fragments 
i s  more permanent and maintenance-free than wooden s t ruc tu re s  ( i . e . ,  checkdams, 
flumes, and water ladders) .  Additionally,  t h e  s i z e  and amount of rock needed 

percent i n  1978, 46 percent i n  1979, a high of 76 percent i n  1980, t o  a 
d i s t i n c t  low of 21 percent i n  1981. The treatment of surface erosion has 
remained labor intensive.  Expensive treatments such a s  wat t l ing,  wooden 
t e r r aces ,  and rave l  catchers ,  however, have been replaced by a more cos t -  
e f f ec t ive  appl icat ion of straw mulch. 

fu ture  program changes include: 1) budget r e s t r i c t i o n s ,  which underscore the 
continuing need f o r  increased cost-effect iveness ,  and 2) t h e  con thued  

erosion.  Increased cost -effect iveness  i s  l i k e l y  t o  be accomplished through 
new procedures resu l t ing  from re-evaluat ion of in-house versus outs ide 
contract ing methods t o  perform various labor- intensive work tasks ,  t h e  
examination of contracting methods f o r  "routine" road removal p ro j ec t s ,  
and by evaluation of the results of minimal in-channel secondary erosion 
control  treatments emphasized on 1981 r e h a b i l i t a t i o n  sites.  

The continued evaluation of those sediment sources remaining i n  t h e  park whic 
a r e  s ign i f i can t ,  accessible ,  and t r e a t a b l e  w i l l  d i r e c t l y  a f f ec t  t he  leve l  of 
fu ture  treatments applied and w i l l  a l so  inf luence the  r o l e  assigned t o  t h e  
prevention and s t ab i l i za t ion  of mass movement f ea tu re s .  For example, much of 
t he  r e h a b i l i t a t i o n  work completed between 1978 and 1981 has addressed 

a l s o  makes reopening these areas l e s s  des i rab le .  In  t he  fu tu re ,  as  t h e  
proportion of older cutover area t o  be t r ea t ed  increases ,  t h e  number of skid 
t r a i l  cr,ossings excavated each year w i l l  decrease. Consequently, assuming a 

269 



8 

S t ab le  budget, t h e  l eng th  of road annual ly  t r e a t e d  and t h e  s i z e  of ind iv idua l  
r e h a b i l i t a t i o n  s i t e s  is l i k e l y  t o  inc rease .  I n  a d d i t i o n ,  whi le  t h e  r e h a b i l i -  
t a t i o n  program emphasized t h e  con t ro l  and p reven t ion  of road and logging- 

' r e l a t e d  f l u v i a l  e ros iona l  problems, t h e r e  has been a  c o n t i n u a l  i n c r e a s e  i n  
the  e f f o r t  expended t o  con t ro l  mass-movement f e a t u r e s .  Attempts t o  s t a b i l i z e  
mass-movement f e a t u r e s  i n  t h e  f u t u r e  w i l l  l a r g e l y  depend upon t h e  p o t e n t i a l  
fo r  damage t o  downstream resources ,  t h e f e a s i b i l i t y a n d  c o s t  o f  t r ea tment ,  and 
the  p r o b a b i l i t y  o f  success .  
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