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CONTENTS 
PAGE 

ABSTRACT-- - -  -----------I-- --------------------- 5 

I. BACKGROUND-- - - - - - i  6 
n. CHARACTER OF THE FLOOD OF 1997 ------ ----------------------------------- ------ 7 
A. PRECIPITATION ...................................... ----------------- ........................... 7 
B. THE SNOWPACK AND ITS CONTRIBUTION TO RUNOFF--------------------------- 9 
C. PEAK STREAM FLOWS ............................ ........................... ----------------- 10 
D. GEOGRAPHIC DISTRIBUTION & CHARACTER OF FLOOD EFFECTS--------- 13 
111. METHODS -------------I----------------------- --------------------------- ----- 15 
A. PRECIPITATION AND STREAM FLOW DATA--------------------- ------- ------- ---- --- 15 
B. INVENTORY OF ROAD DAMAGE SITES REPORTS----------------------------------- 1 s 
C. INVENTORY (AIR PHOTO) LANDSLIDES & ALTERED CHANNELS------------- 15 
D. FIELD OBSERVATIONS AND CONSULTATION WITH FIELD PERSONNEL---I6 
E. ANALYSIS OF FLOOD EFFECTS IN A GIs SYSTEM----------------------------------- 16 " 

F. TERMMOLOGY---I ............................................................................... 17 
IV. FINDINGS .............................................. .................................... 18 . , 

A. EFFECTS OF THE FLOOD ---------------- - ---- ----------------------------------------.--F~---- 18 
1. SLOPE AND CHANNEL PROCESSES -------------- ............................................ 18 
2. DAMAGE TO ROADS AND STRUCTURES .................................................. 19 
3.  DAMAGE TO OTHER FACILITIES ----------------- ........................................... 20 
4. EFFECTS ON STREAM CHANNELS ......................... ----------- ---- ------------------ 2 1 
5. DAMAGE TO FISH HABITAT IMPROVEMENT STRUCTURES------------------------ 24 
6 .  DAMAGE TO PREVIOUSLY STABILIZED SLOPES ----- .................................. 24 

B. HOW PHYSICAL FACTORS INFLUENCED FLOOD PROCESSES------------------ 25 
1. HYDROLOGIC FACTORS ........................... ........................................... 25 
2. BEDROCK GEOMORPHIC TERRANES----- ---- ...................................... 26 
3.  ELEVATION, SLOPE, AND ASPECT--------------------------------------------------------- 30 

C. HOW HUMAN ACTIVITIES & FIRE INFLUENCED FLOOD PROCESSES------- 3 8 
1 , ROADS: THEIR EFFECTS ON FLOOD PROCESSES-- --------- ------ ----..-- --- ---- -------- 3 8 
2, TIMBER HARVEST ........................................ ....................................... 43 
3.  F W  .................................................................................................. 45 
D. ~[NTERACTIONS: PHYSICAL & HUMAN FACTORS ................................ ---- 48 
V. CONCLUSIONS .................................... ............................................. 50 
VI. RECOMMENDATIONS .................................................................... 55 

VII. CONTRIBUTIONS FROM OTHERS; REMOTE SENSING DATA----GO 
VIII. REFERENCES ................................... - --------- 62 



3 
I 

LIST OF FIGURES 
FIGURE 1 : MONTHLY & EVENT PRJCpITATION- .............................. ----------- 8 
FIGURE 2: PEAK STREAM FLOWS ------------------- .......................................... 11 
FIGURE 3 : GRAPH OF PEAK STREAM FLOWS---------------------------------------------- 12 
FIGURE 4: FLOOD EFFECTS ON OREGON AND CALIFORNIA FORESTS------------ 14 
FIGURE ‘j : ERFO SITE DATA BY TYPE -------------- ------- ---- -- ---- ........................ 20 
FIGURE 6: FLOOD EFFECTS BY BEDROCK TERRANE- ------- - ----- ..................... 33 
FIGURE 7: FLOOD EFFECTS BY GEOMOwmC TERRM------------------------------ 34 
FIGURE 8: FLOOD EFFECTS BY ELEVATION ZONE .................................. ---- 3 5 
FIGURE 9: FLOOD EFFECTS BY SLOPE GRADIENT ............................ - ----- ---- 3 6 
FIGURE 10: FLOOD EFFECTS BY SLOPE ASPECT----------------------------------------- 37 
FIGURE 1 1 : FLOOD EFFECTS BY: ROAD, HARVEST, FIRE----------------------------- 47 

, LIST OF TABLES 
TABLE 1 : LANDSLIDE DENSITIES (LANDSLIDESISQ MI)------------------------------ 67 
TABLE 2: ERFO DENSITIES (ERFO SITESJSQ MI)----------------------------------------- 70 
TABLE 3 : ALTERED CHANNEL DENSITIES (MILESISQ MI)---------------------------- 73 
TABLE 4: LANDSLTDES/GEOMORPH/ELEVATION/DISTURBANCE------------------ 7 5 
TABLES 5- 1 1 (SEE APPENDIX B, ITEM I, PAGE 13) 

LIST OF PHOTOGRAPHS 
1. PHOTO #97-27-6A- ROAD 46N64 ON WALKER CR. (COVER)----------------------- 1 

' 66a 2. PHOTOS #la  & #lb- DEBRIS SLIDE IN GRANITE CR. (ELK CR. TRIB.)--------- 
3 .  PHOTO #2- DEBRIS FLOW rn TOMPKINS CREEK ------------------- ---- ---- --------- 66b 
4. PHOTO #3- SLUMP M WALKER CREEK ....................... ......................... 66b 
5. PHOTO #4a & 4b- GULLY AND SLUMP IN WALKER CREEK---------------------- 66c 
6. PHOTO #5- FILL FAILURE rn CANYON CREEK--- ------- ----------------------------66d 
7. PHOTO #6- SLUMP/EARTHFLOW IN WALKER CREEK-----------------------------66d 
8. PHOTO #7- STREAM UNDERCUT SOUTH FORK SALMON RIVER--------------- 66e 
9. PHOTO #8- STREAM CROSSING FAILURE ELK CR. (DOOLITTLE TRZB.)------66e 

LIST OF MAPS (ATTACHED AFTER PAGE 76) 
1.MAP 1:rNDEXMAP 
2. MAP 2: AIR PHOTO COVERAGE; WATERSHEDS; SAMPLE AREAS 
3 .  MAP 3: SNOWPACK AND FLOOD 
4 MAP 4: PRECIPITATION STATIONS AND FLOOD DAMAGE 
5. MAP 5: PEAK STREAM FLOWS AND FLOOD DAMAGE 
6.  MAP 6:  GEOLOGIC TERRANES (BEDROCK) & FLOOD DAMAGE 
7. MAP 7: GEOMORPHIC TERRANES AND FLOOD DAMAGE 
8 MAP 8. ELEVATION ZONES AND FLOOD DAMAGE 
9. MAP 9: ROADS/HARVEST/FIRE AND FLOOD DAMAGE 
10. MAP 10: LAKE MT. AREA GEOMORPHIC TERRANES & FLOOD DAMAGE 
1 1 MAP 1 1 : UKONOM LAKE GEOMORPHIC TERRANES & FLOOD DAMAGE 
12. MAP 12: THOMPSON RG. GEOMORPHIC TERRANES & FLOOD DAMAGE 
13 MAP 13 : LAKE MT. AREA ELEVATION ZONES & FLOOD DAMAGE 



14. MAP 14: LAKE MT. AREA SLOPE GRADIENT AND FLOOD DAMAGE ' ' 

IS. MAP 15: LAKE MT. AREA SLOPE ASPECT AND FLOOD DAMAGE . ,. 

16. MAP 16: LAKE MT. AREA ROADSMARVESTIFIRE & FLOOD DAMAGE 

I 
17. MAP 17: WALKER CR. : FLOOD DAMAGE, NATURAL &HUMAN FACTORS 

APPENDICES 
APPENDIX A: METHODS & TERMINOLOGY----------------------- 2 

I 
1. DATA COLLECTION & INVENTORY ----------- .............................. ------ -- ----- --- 2 

A. PRECIPITATION & STREAM FLOW DATA--------- ---------------- -- ---------------- 2 
B. ERFO SITE INVENTORIES ------------------- ------------- ---- ........................... 

I 
2 

C. INVENTORY OF PHOTOS----------------------------------------------------------- 5 
D. FIELD INVESTIGATIONS & OBSERVATIONS----- ------------- ----- --------------- 7 
E. CONTR1[BUTIONS FROM OTHERS -------------- - ....................................... 

I 
7 

11. DATA ANALYSIS ..................................... -----------.--------------------------------- 10 
APPENDIX B: FINDINGS ------------------------ ------ -------------- -- ---------- 12 

I 
I. TABLES AND GRAPHS- (TABLES 1-4 ARE IN MAIN REPORT PAGES 67-76) 

TABLE 5: ERFO SITE DENSITIES (SITES/SQ MI) ------------------ ----- -------------- 13 
TABLE 6: ELK CREEK/ LANDSLIDESIGEOMORPH/ELEVATIONDIST--------- 15 

I 
TABLE 7: TOMPKINS CR./LANDSLJDES/GEOMORPHELEVATION/DIST------ 17' 

' 

TABLE 8 : WALKER CWLANDSLIDES/GEOMORPWELEVATION/DIST--------- 19 
TABLE 9: ELK CREEKERF0 SITES/GEOMORPHELEVATION/DIST----'-------- 2 1 

I 
TABLE 10: TOMPKMS CR./ERFO SITES/GEOMORPWELEVATION/DIS?:7-7---23 

25 
, 3 

TABLE 1 1 : WALKER CR/ ERFO SITES/GEOMORPWELEVATION/DIST--------- 
TABLE 12: FLOOD EFFECTS BY WATERSHED ........................................ 27 

I 
' TABLE 13 : ACRE ADJUSTMENTS BY WATERSHED -------------- ---- ------ -- ----- -- 3 1 

TABLE 14: FLOOD EFFECTS BY AGGREGATED WATERSHEDS----------------- 32 
11. SLOPE AND CHANNEL PROCESSES AND FEATURES; TERMINOLOGY-------- 3 4 

I 
111. MAJOR LANDSLIDES ................................. ----------------- ------ ------------------- 36 
IV. PERFORMANCE OF ENGINEERED STRUCTURES .................................... 37 

I 
V. ABSTRACTS ............................................. ........................................... 3 9 
V1. DISCUSSION .......................................... ------------------------------------------ 43 

A. RATIONALE FOR CONCLUSIONS ............................................ -- ------ - 43 
I 

B. ROADS: THEIR EFFECTS ON FLOOD PROCESSES-------------------------------- 46 
C. EFFECTS OF TIMBER HARVEST, FIRE & SITE PREPARATION---------------- 49 

A P P E N D I X  C: ROAD M A N A G E M E N T  GUIDELINES------------------------------ 52 

I 
A P P E N D I X  D: FLOOD EFFECTS: ADJACENT N A T I O N A L  FORESTS----66 
A P P E N D I X  E: EXECUTIVE SUMMARY--------------------- (ATTACHED) 

I 
A P P E N D I X  F: WEATHER F A C T O R S  AND THE FLOOD---(ATTACHED 
APPENDIX G :  EFFECTS OF THE FLOOD ON FISH HABITAT--(ATTACHED) 

I 



ABSTRACT 
The Klamath National Forest is situated predominantly in the central KIamath Mountains, and 
entirely within the Klarnath River basin of northern California (Map 1). The storm of 12-26-96 
through 1-3-97 delivered up to 17 inches of precipitation to parts of the Klamath National Forest. 
At the onset of the storm, the snowpack was slightly above average and extended down to about 
3,500 feet in eievation. The warm storm produced rain up to 7,200 feet in elevation, which is near 
the crests of the main mountain ranges. One station recorded over 5 inches in the last 18 hours of 
December 3 1. Total precipitation for December ranged from 1.7 to 4.2 times the norm for that 
month. Estimates of recurrence intervals for 1997 peak stream flows range from 14 to 37 years, and 
peak flows ranged from 5 1-84% of those measured for the 1964 flood (largest on record). Heavy 
precipitation came to an abrupt halt after January, and no large storms followed that spring. 

Landslides, debris flows, and channel alterations, were concentrated in a SW-NE trending band 
across the Forest, which was about 20 miles wide by 40 miles long (Map 2), and most 
concentrations were above 4,000 feet in elevation (Map 8). It is not known if this pattern extends. 
beyond the boundaries of the Forest due to lack of comparable information in adjoining areas. To 
date, infrastructure damage exceeds $27 million on Forest Service roads and facilities. This does 
not include damage to State Highways such as Hwy 96 and Highway 3.  Effects on the Klamath 
National Forest were greatest in the Walker, Grider, Elk, Tompkins, Kelsey, Deep, and'ukonom 
Creek watersheds. Physical attributes of the landscape (bedrock, geomorphology, topography) and 
pre-flood disturbances to vegetation and soil (roads, timber harvest, wildfire) appear to have had a 
considerable effect on t e,, istib~ltign, and effects of landslides and debris flows. Air photo 

, I ,  1 urn,  inventory identified abo I t c  larlas~ides And 446 miles of flood-altered channel. Landslide density 
(landslides per square mile) averaged 0.59 across the landscape. In road corridors, the density was 
7.34, in timber harvest areas, it was 1.86. Old harvest (pre-1977) had a density of 0.80, and new 
harvest 2.96. In burned areas, (high or moderate intensity) it was 2.03, and in undisturbed areas, it 
was 0.26. High landslide concentrations occurred in the Rattlesnake Creek Terrane (0.84), and on 
landslide deposits (0.80), as well as at elevations from 5,000-5,500 feet (1.46). Debris flows were 
typically initiated by landslides at elevations in excess of 4,000 feet. These flows scoured upper 
channel reaches, removed riparian vegetation, and deposited sediment and large logs in lower 
reaches. Large debris flows developed on toe zones of dormant landslides. Colluvium filled hollows 
in granitic areas also produced many debris slides and debris flows. 

Over 927 damage sites (mostly roads) qualified for Emergency Relief Federally Owned (ERFO) 
funding, and 7 12 were approved for fbnding as of March, 1998. About 60% of the ERFO sites 
occurred adjacent to streams. Road fills on steep hillslopes were important sources of sediment and 
points of origin for debris flows. Road cuts on toe zones of older landslide deposits initiated debris 
slides, and fills placed on the heads of dormant slumps caused some to reactivate. Cumulative 
effects occurred where multiple roads crossed hillslopes, and interacted hydrologically. Many debris 
flows originated on deforested areas, particularly on landslide deposits and on dissected granitic 
lands. 



I. BACKGROUND 

Assessment of the 1997 flood is being conducted in two parts, Phase I and Phase 11. 

Phase I Flood Assessment 

Phase I is a reconn$ssance level assessment commissioned by the Klarnath National Forest 
Supervisor's Office. It is based on air photo interpretation (post-flood photos), data from damaged 
road sites collected by Forest Service Engineers, as well as field sampling. Phase I was completed 
in March of 1998, and final results are presented here. Phase I objectives were to: . 

1. Characterize the storm-related precipitation and stream flows of the 1997 flood. 
2. Characterize the effects of the flood and where they occurred.. 
3 .  Identie the natural patterns of flood effects and influence of physical factors. 
4. Identie possible influences of land management on flood effects. 
5. Identifjl post-flood opportunities, and offer recommendations. , , ( 

6. Evaluate the effectiveness of past mitigation measures addressing erosion and 
sedimentation. 
7. Determine sedimentation rates and compare these to rates predicted by the . , 

Klamath Forest Land Management Plan. . n . . 

Findings for each objective are summarized in the Executive Summary (Appendix E). Oral 
presentations of Phase I findings have been made previously at meetings of the Klamath National 
Forest leadership team (10-23-97 and 1 1 - 18-98), the Klamath Province Advisory Committee (10-30- 
97), and the Scott River Coordinated Resource Management Plan (CRMP) on 2-17-98. The Phase 
I Final Report of 11-24-98 replaces the Draft Flood Assessment of April 25, 1997. 

Phase I1 Flood Assessment 

Phase I1 is a detailed field level assessment which was commissioned and fbnded by the Regional 
Office of the Forest Service (Pacific Southwest Region), and is currently underway. It is being 
conducted jointly by the Klamath National Forest, and the Pacific Southwest Range and Experiment 
Station (Redwood Sciences Laboratory). Phase I1 carries on where Phase I left off, and involves 
detailed field investigations regarding the effects of roads and de-vegetation on landsliding, and the 
ways in which landslides affected stream channels. It will also quantify natural and management- 
related sediment in sa~nple watersheds and examine the effects of the flood on stream channel 
conditions and fish assemblages. Some Phase I1 hnding was used in completing the Phase I final 
report. A status report for Phase I1 will be completed in November, 1998, and the final report in 
1999. 



11. CHARACTER OF THE 1997 FLOOD 
A summa@ description of precipitation and streamflow associated with the 1997 flood follows. For 
more detailed information, refer to Appendix F. 

A. PRECIPITATION 

The event which caused the flood was a warm tropical storm which odcurred from December 26, 
1996 through January 3, 1997, and traversed the forest in a northeasterly direction. This storm 
caused flooding fiom Idaho and Oregon to the Sierra Nevada Mountains (California Water 
Resources, 1997). Prior to the beginning of this storm, precipitation was above the norm for most 
recording stations on the forest. November precipitation ranged from 0.9 to 1.7 times the norm, 
while that for the water year from October 1, 1996 through January 3, 1997 was 1 .S to 2.2 times the 
norm. December precipitation was about double the norm for the month of December, ranging 
fiom 1.7 to 4.2 times the norm (Table 1). Most of the early December precipitation accumulated 
during a stom which occurred from December 5-1 0. Another cold storm brought snow below 
2,000 feet fiom December 21-23, and set the stage for the New Years storm and flood. From . 
December 26 to January 3, a series of warm storms traversed the Pacific northwest in an E-NE 
direction, and brought rain above 7,000 feet in elevation on the Klamath National Forest, and above 
10,000 feet in the Sierra Nevada Mountains. Beginning December 30, rainfall intensiqed on the 
Klamath Forest. Snow pillow gages recorded intensities of 0.38-0.42 inches per hour at fbur 
stations over the last six hours of 1996, producing 6-hour totals of over 2 inches. During the last 18 
hours of December 3 1, totals of four to more than five inches were recorded at stations in Big Flat, 
Mumbo Basin, Scott Mountain, and Highland Lake (Appendix E Figure 2C). This intensity and 
duration of precipitation exceeds that identified in several studies as necessary for the initiation of 
debris slides (Cannon, 1985). The shallow debris slides which occurred in Deep Creek and in the 
granitic portion of Elk Creek were of this type. Intense precipitation came to an abrupt halt on 
January 3, and no significant storms occurred during the spring of 1997. Had more storms occurred 
that spring, it is likely that more large slumps, activated by the flood, would have failed 
catastrophically. 

Map 4 displays precipitation at forest stations, providing totals for the period 12-26-97 through 1-3- 
97, and the percent over the December norm. The entire west side of the forest seems to have 
received similar precipitation totals relative to the norm for December. Area's of exceptionally high 
precipitation are not apparent in the data. Higher precipitation was recorded immediately SE of the 
Klamath Forest, and in the Sierra Nevada Mountains (California Water Resources 1997). 
Anecdotal accounts by Forest personnel suggest that storm intensity varied considerably, even 
between adjacent drainages. This is based on observed differences in erosion of road ditches and cut 
slopes in adjacent watersheds. In additioqthe concentration of damage in localized areas (Map 4) 
also suggests that the storm developed zones of higher intensity. Due to the dispersed nature of the 
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State of California on the divide between the and Trinity watersheds near ~ c o k  Mountain 
by Highway 3. 

Doppler radar data were not available for this assessment, and such information might reveal the 
presence of high intensity cells. 

B. THE SNOW PACK AND ITS CONTRIBUTION TO RUNOFF 

Estimates of the contribution of snowmelt to total runoff can be made in two parts of the forest. The 
first is based on anecdotal accounts in the Scott River watershed of how much the snowpack 
receded as a result of the warm rain, and the second is from State of California snow pillow 
recording stations in the upper Trinity River basin and along the SalmonfTrinity and Scott/Trinity 
divides. 

Anecdotal Accounts 

Accounts by US Forest Service personnel indicate that the snowpack in mid-December extended . 
down to about 3500 feet on north slopes, and 4000 feet on south slopes. Map 1 is a simulation of 
the pre-flood snow pack, generated from the USGS 30 meter digital elevation model. It is not 
based actual remote sensing imagery. Im~nediately after the storm, aerial reconnaissance revealed 
that the snowpack was gone on lightly vegetated south slopes up to about 5500 feet (Deep Creek 
area), and 4500 feet on north slopes (South Fork Scott River). This change in snowpack provides 
an indication of the amount of snow melt which contributed to flood flows in the areas described 
above. If it is assumed that snow averaged a foot in depth where it was removed by the warm storm, 
and snow water content was about 12% (average for new snow), this would equate to about 1.4 
inches of additional water available for runoff during the height of the stonn (December 3 1 to 
January 2). Since the total precipitation during those days ranged from 4-9 inches of rain, the snow 
melt added something like 16%-35% to the storm totals for these areas. 

Observations of snow depth at the Mt. Ashland Ski Area along the northern boundary of the forest 
reveal an interesting pattern. Changes in recorded depths at two stations (one at 6500 feet, the other 
at 7050 feet) were consistent during the period from December 23 to January 4. Between December 
25 & 26 snow depth declined by 10 inches, then grew by daily increases of 2 to 4 inches (for a four 
day total of 12 inches) until December 30. From December 3 1 to January 2, snow depth decreased 
at the lower elevation site (at 6500 feet) by I0 inches and by 6 inches at the higher elevation site (at 
7050 feet). January 3, 10 inches of new snow accumulation was recorded. At 12% snow water 
content, snow melts of 10 inches would yield 1.2 inches of runoff. With three-day rain estimates of 
7 inches to more than 8 inches, snow melt would have added 15%-20% to storin totals. These data 
are consiStent with the anecdotal observations discussed above and the snow pillow data discussed 
below. 
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Snow Pillow Recording Stations I 
Actual measurements of the snow pack prior to and during the storm are limited to the California 
Department of Water Resources operated remote snow sensors ("snow pillows"). Snow pillows 
recorded the steady build up of the mountain snowpack, from almost none on Dec 1 to amounts 
ranging from 7.4" SWC at lower elevations p i g  Flat, at 5; 100 feet) to 14.6 inches & 15.6 inches 

I 
SWC at higher elevations (Bonanza King and Peterson Flat, 6,450 feet & 7,150 feet). [SWC = snow 
water content; at density of 33% (typical for "settled" snow) implies snow depths of - 2 feet to 4 ' 

feet or deeper, with densities <33%]. Snow pillow sites are located in'the upper Trinity River basin, 

I 
north of Trinity Lake. There are stations along the Trinity-Scott divide, including ones at Scott Mtn 
(near Hwy 3), Middle Boulder Lake, Peterson Flat, Big Flat (near the FS campground on the upper 

e 
South Fork of the Salmon River). Snowpack depths recorded around Dec 25 are moderately above 
normal for this time of the year. I 
Data from these snow pillows indicate that loss of water fiom the snowpack during the storm (12- 
26-96 through 1-3-97) varied by site and elevation, Losses in SWC ranged from 7.4 inches at Big 
Flat, approxiinately 2 inches at Highland Lakes and Middle Boulder 3, to less than an inch at 

I 
Peterson Flat and Red Rock Mountain. The loss of 7.4 inches SWC at Big Flat during an 8 hour 
period was probably due to snow removal by physical means (such as avalanche or flowing water), 
rather than snow melt (Dave Hart, Ca. Dept. Water Resources, personal communication , 1997). 

I 
Thus, snow melt may have contributed an additional 1-3 inches water (or more) to the storm runoff . 
at elevations below 6,000 to 6,500 feet. Since an average of -10 inches of precipitation was 
recorded from December 30 through January 1 at these snow pillow stations, snow melt may have 

I 
contributed an additional 20-30% (or more) to 3-day totals in the vicinity of the stations. I 

Remote Sensing Data I 
Detailed pre and post flood satellite imagery was not available for this study to firther refine 
estimates of snowmelt contribution to runoff. I 
C. PEAK STREAM FLOWS I - 
Peak flows in rivers and streams on the Forest ranged from second to fifth highest on record (see 
chart below). This compares to record flows in some rivers of the Sierra Nevada Mountains, and 
possibly on Sacramento River tributaries. Estimated recurrence intervals for these peaks ranged 
from 16 years at Indian Creek (near Happy Camp), to 37 years at Salmon River. The recurrence 
interval for the 1997 Flood was 14 years on Scott River, 32 years on the Shasta River, 15 years on 

I 
the Klamath River at Seiad, and 18 years on the Klamath River at Orleans. These intervals were 
computed by the Federal Emergency Management Act ( FEMA) method: Recurrence interval T= 
(period of record + ])/ranking. In the case of the Salmon River, the computation is: (73+1)/2 = 37. 

I 
The graph below summarizes 1997 data, and also displays peaks for the 1964 and 1974 floods. Map I 
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  he variations in peak flows in some watersheds may have been influenced by the amount of the 
landscape which was' logged, burned, or roaded. In Walker Creek, where flood effects were severe, 
about 3% of the watershed was occupied by roads (assuming a road corridor width of 50 feet), 6% 
harvested aiid burned, 22% harvested only, 2% burned only. Tlius, about 33% of ttie watershed 

I 
was in a disturbed condition. arid 67% undisturbed (Map 17). I 
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I D. GEOGRAPHIC DISTRIBUTION AND CHARACTER OF 

I 
1997 FLOOD EFFECTS 

Pacific Northwest 

I Heavy precipitation associated with the flood occurred throughout an area from the Sierra Nevada 
to Oregon and Idaho (California Department of Water Resources, 1997). In California, the flood 
was most severe in the Sierra Nevada mountains, where record flows were measured on the I Consumnes, South Fork American, and Napa Riverq (Lott and others, 1997). This compares to a 
maximum 37 year recurrence interval on the Klamath National Forest (Salmon River). In southern 
Oregon, a November storm in 1997 produced higher peak flows (recurrence interval of 50 years) 
than the December storm (recurrence interval of 25-50 years). The November storm produced only 
localized effects in northern California. The December storm caused more damage on the Klamath 
Forest than on adjacent forests (Harris and others, 1997). Figure 4 provides a summary of 
effects on forests in Southern Oregon and Northern California. It addresses: (1) Estimated 
recurrence interval; (2) The elevation at which most damage occurred; (3) Whether damage was , 

linked to roads, harvested areas, or burned areas; (4) The number of landslides inventoried. ERFO . 
sites are flood damaged sites qualifying for emergency federal fbnding (Emergency Relief, Federally 
Owned). Additional information on the effects of the 1997 flood on the National Forests listed 
above is contained in Appendix D. 

KIamath National Forest 

The majority of the damage to facilities and alteration of stream channels on the Klamath National 
Forest occurred in a band extending from Mt. Ashland in the NE part of the forest (about 20 miles 
NW of Hornbrook, CA) to Somes Bar in the southwest (Map 4). Flood effects were greatest in 
their headwaters of Walker, Deep, Ukonom, Tompkins, Grider, Kelsey, Middle, Portuguese, and 
Elk Creeks. These all experienced many landslides in headwaters, and debris flows in many of the 
tributary channels. Similar, but less severe effects occurred in the headwaters of Beaver, Thompson, 
and Indian Creeks. Immediately north of Beaver Creek, severe flood effects continued into the 
Ashland Watershed (Hicks, 1997). To the north of Portuguese and Thompson Creeks, damage 
visible on air photos continued into the Rogue National Forest. About 40 miles to the southeast of 
the main flood damaged area on the Forest, the Upper South Fork of the Salmon River also 
exhibited severe flood effects (Map 4). Considerable channel alteration occurred on the South Fork 
from Rush Creek to the East Fork of the Salmon River, where river bars were greatly modified, and 
deep pools filled with gravels. Small debris flows occurred in first order tributary channels above 
Big Flat Campground, and older debris slide scars along the inner gorge downstream from big flat 
appeared to have experienced local reactivations. This pattern of damage continued to the east 
across a broad area of the South Fork Trinity River adjacent to Highway 3. Two small landslide are 
known to have occurred in'harvest units near Highway 3 on the South Fork of the Scott River. 



Figure 4 Flood Effects in California and Oregon 
(Number of sites and cost for California from Richard Harris, pers. comm. 3-5-98) 
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A description of the methods used and steps taken in thisassessment follow. 

A. PRECIPITATION AND STREAM FLOW DATA 

Precipitation data were obtained fiom Interagency Command Center (Yreka), U.S. Forest Service 
(District rain gauges & RAWS [Remote Automatic Weather Station]) and California Department of 
Water Resources (snow pillows), as well as private stations. Stream flow data were obtained fiom 
the U. S.G. S. WEB site (http:lk2o.usgs.gov) and Mike Friebel (USGS Redding, personal 
communication, 12/5/97). Information on snow water content (as well precipitation and air 
temperature) is fiom California Department of Water Resources (snow pillow) recording stations 
(http:Ncdec.water.ca.gov and Dave Hart, personal communication, 1997). Other snowpack 
information is anecdotal accounts from various individuals. 

B. ERF'O ROAD DAMAGE SITE REPORTS 

ERFO sites are damaged areas which qualifjt for Emergency Relief Federally Owned (ERFO) 
fbnding. A total of 927 ERFO sites have been identified by engineering personnel. As of March, 
1998, 7 12' of these were approved for fbnding (Richard Hams, personal communication,' 1998). , 

Information on these sites has been collected on Damage Site Reports (DSR's), and entered into a 
spreadsheet and GIs layer. To qualifjl, a site must exceed $2,000 in damage. Inventory of ERFO 
sites was initiated immediately after the flood and continued through the fall of 1997. With the 
exception of a few spurs, the entire west side of the Forest has been inventoried. 

For purposes of this assessment, a sample of 277 Damage Site Reports (DSR's) for ERFO sites were 
examined and stratified into 7 classes. They were selected randomly from DSR's which had been 
completed, but are concentrated on two Districts, Happy Camp and Scott River. The classes were: 
1. Road Failures at Stream crossings; 2. Landslides away from streams; 3. Road fill failures away 
from streams; 4. Stream undercuts of road prisms away from stream crossings; 5. Failures of road 
cuts; 6. Surface erosion and gullies; 7. Flooding. These strata were designed to place ERFO sites 
into categories sharing common slope processes, which would lead to similar mitigation needs. A 
second sample of 297 sites was stratified later, but the two have not yet been combined. Phase I1 
of this flood assessment will stratify the remainder of the sites (in progress). 

C. INVENTORY OF LANDSLIDES AND ALTERED 
CHANNELS ON AIR PHOTOS 

Color infrared air photos at a scale of 1:40.000 (#715050 USDA F 40) were taken on May 7. 1997. 
These photos were examined, and landslides (mapped as polygons) as well as altered channels 
(mapped as lines) were mapped on 1 :24,000 topographic maps, digitized, and unique numbers 



assigned. Ð he smallest landslides mapped were about 21 feet in maximum width, 45 fe=t long and 1 
foot deep (about 35 cubic yards). Timber cover can easily obscure landslides this small, but in de- 
vegetated watersheds such as the headwaters of Walker and Tompkins Creeks, landslides this size 
are clearly,visible. In order to identifjr landslides which may have occurred prior to 1997, air photos 
from 1995 (1 : 16,000 color, ID # 616050) were examined and landslides present before the flood 
identified. Many debris flows traveled through channels not classified as perennial or intermittent 
streams on USGS 7 !A minute quadrangles. These channels were digitized and added to the altered 
channel layer. However, the altered portions of the major rivers (Klamath, Scott, part of Salmon) 
were inadvertently left out during digitizing, and thus were not available for use in Phase I. This 
involves roughly 90 miles of channel. Phase 11 of the flood assessment will update the landslide and 
altered channel inventories, correcting the problems described above. It will also look in detail at 
sample watersheds to assess the number of landslides likely missed by the air photo inventory. The 
area covered by post-flood air photos was about 771,000 acres (Map 2). This sample area was 
selected due to the concentration of effects there, and insufficient finds to fly the entire forest at this 
scale. Altered channels and landslides which were identified outside the air photo area (Map 2) were 
derived from local field investigations and consultation with Forest Service District personnel. The 
Phase I1 flood assessment will refine this number. Criteria used in photo mapping, limitations of the 
data, and overlap between landslides mapped on air photos and those recorded in ERFO inventories 
are addressed in Appendix A, Data Collection and Inventory. 

D. FIELD OBSERVATIONS & CONSULTATION WITH FIELD 
PERSONNEL 

I 
All major watersheds with known effects were visited in the field by the authors, with the exception 
of upper Kidder and upper Beaver Creeks. A sample of active landslides were mapped in detail, and 

I 
the extent of large slumps and earthflows better defined. Descriptions of some of the large landslides 
are contained in Appendix 11. In addition to the stratification process, about 300 of the ERFO sites 
were inspected in the field, and other ERFO sites were discussed with Forest Earth Scientists and 

I 
Engineers. Field inspection of ERFO sites usually allowed definitive assessments on causeleffect for 
those specific sites. Maps 9-12 and 17 display ERFO sites and roads across the Forest. I 
E. ANALYSIS OF FLOOD EFFECTS IN A GIs SYSTEM 

Klamath National Forest GIs resource data layers were used in this assessment. They included: (1) 
Bedrock layer; (2) Geo-13 Geomorphic layer; (3) Vegetation layer (used to identi@ regeneration 
harvest; other types of harvest were considered un-logged); (4) Fire intensity layer identified high, 

I 
I 

moderate, and low intensity (see section F "Terminology" below); (5) Road layer; (6) Stream 
Layer (USGS perennial and intermittent streams from 7 % minute quadrangles); (7) Slope, aspect, 
and elevation were generated from the USGS 30 meter resolution digital elevation model (DEM). 

I 
New data layers were developed for: ( I )  1997 landslides; (2) Flood altered channels, and; (3) 
ERFO sites. These new layers were overlain with the Forest resource data layers (bedrock, 
geomorphology, roads, harvest, fire, and topography). Comma delimited data records were 

I 
I I 



generated for manipulation in a Lotus spreadsheet and Paradox data base. The process used in 
analyzing the distribution of landslides relative to other factors was similar to that of Larserie(1996, 
and 1997). Refer to Appendix A for further information. 

F. TERMINOLOGY 

The landslide and flow terminology used here is modified fiom Pierson and Costa (1987), Bates and 
Jackson (1987), and Cruden and-Varnes (1996). Slumps and earthflows are generally large (0.1- 
20.0 acres) deep-seated, slow-moving landslides which move along discrete failure planes and move 
as relatively coherent masses. Debris slides are small (0.01-2.00) acres, shallow, rapidly moving 
landslides which typically disaggregate as they move downslope. Most landslides observed in the 
field are actually complexes, and experienced a combination of slump, eartMow, and debris slide 
processes. Colluvium is the accumulation of soil and rock debris above bedrock which is typically 
involved in debris slides. Debris flows consist of sedimentlwater slurries which usually travel 
through channels, but may also traverse hillslopes away from channels. These flows may be 
generated by debris slides, slumps, earthflows, or by mobilization of channel bed and bank material 
during peak flows. Surface erosion and gullying consist of the mobilization and transport of the 
upper soil, mantle by raindrop impact, sheet wash, rilling, and gullying processes. The terms, ' 

cumulative and cascading effects are used here to describe the accumulation of multiple individual 
effects over time and space, in particular things such as hydrologic interaction between road 
segrnentslon a hillslope. In this assessment, harvested areas are put into two simple classes, logged, ' 

and unlogged. The logged areas are where timber harvest involved regeneration prescriptions 
(clearcut, shelterwood, overstory removal) whereby all or most of the timber is removed. 
Shelterwood harvest may leave 5-1 5 trees per acre. Other prescriptions such as thinning and 
sanitation are treated as un-logged. Wildfire intensity classes high, medium and low are used in 
this assessment. Information on intensity is from the Forest Fire Intensity Layer which is derived 
from photo-interpretation of post-fire air photos. This layer was developed to identi@ where 
vegetation had been killed by the fires. Areas classified as high intensity are those where fire killed 
all above-ground vegetation (some species re-sprout from the roots after being burned) and also 
involved a fire through the crowns of vegetation. Moderate intensity areas are those where fire 
killed most or all the above ground vegetation, but the crowns remained unburned, and trees 
typically retained leaves or needles. Areas burned at low intensity are where fire killed only a small 
proportion of the vegetation. ERFO sites are places (mostly on roads) where flood damage 
qualifies for Emergency Relief Federally Owned Funding. Flood processes include all of the 
processes which interacted to produce the effects visible across the landscape following the flood, 
such as channel diversions, channel scour, debris slides, debris flows. slumps, etc. See APPENDIX B 
(Slope and Channel Processes) for more information. 



IV. FINDINGS 

A. E~FECTS OF THE FLOOD 

1. SLOPE AND CHANNEL PROCESSES AND FEATURES 

The flood of 1997 involved the movement of soil, rock, and organic debris from hillslopes to stream 
channels at a'scale not experienced since 1974 (the most recent landslide episode) on the Klamath 
National Forest. Approximately 1100 landslides were identified in Phase I. This included 712 
landslides identified by air photo inventory, 25 by field investigation, and an additional 360 by ERFO 
site investigations (when 796 ERFO sites had been identified). The number of landslides will 
probably rise to about 1200 when all the ERFO sites are evaluated. A check of 1995 air photos 
revealed that of the 7 12 landslides identified on air photos, 6% predated the flood, 17% were present 
in 1995 and enlarged in 1997, 5% were not verified (either 1995 photos were unavailable, or the 
feature could not be seen on the 1995 photos), and 72% were entirely new 1997 landslides. 

Air photo inventory identified about 446 miles of stream channels which were altered (scour, 
deposition, or removal of riparian vegetation) by the flood. There are a total or 2660 miles of 
perennial or intermittent streams withktbair photo area (on USGS 7 % minute quadrangles). Of 
these, 326 ,were identified as altered (12%). An additional 120 miles of channel (not shown on the 
USGS 7 '/1 minute quadrangles as streams) were identified as altered. If these are included, the 
percentage of altered streams is raised to 16% ((326 + 120) 1 (2660 + 120) = 16%). However, 
these figures do not include the main stems of the Klamath Scott and lower Salmon Rivers which 
meet the criteria for altered channels but were inadvertently not digitized. These would add roughly 
90 more miles to the total length of altered streams, raising the percentage to 19% ((446 + 90) 1 
(2660 + 120) = 19%)). 

Field observations revealed that landsliding was the dominant hillslope process associated with the 
flood. However, evidence of surface erosion was observed locally, primarily on poorly vegetated 
sites and on rgad cuts and fills. Scour and deposition are evident in many ephemeral channels 
which lacked these features prior to the flood. Large (about 20 acres) slumps and eartMows 
occurred in the Walker, Tompkins, Kelsey, and Thompson Creek watersheds. Some exhibited head 
scarps from 25-100 feet in height. They developed on older landslide deposits, pattern similar to 
that described previously by Nielsen (1975) in the San Francisco Bay area. Debris slides up to 2.0 
acres in size occurred in Walker, Deep, Tompkins, Kelsey, Grider (primarily Rancheria fork), Elk, 
Ukonom and Thompson Creek watersheds. The largest of these originated on the toe zones of 
reactivated slumps and earthflows high in the watersheds. One on Road 46N6 1 in Walker Creek 
(Photos 4a & 4b) mobilized more than 300,000 cubic yards of material. Some were able to traverse 
long flat benches before reaching channels. Field observations of a debris flow in progress at 
Whitney Creek on the north flank of Mt. Shasta Volcano during the summer of 1997 demonstrated 
how efficient debris flows are at transporting debris across low gradient reaches in the absence of 
obstructions such as large trees or logs (de la Fuente, Elder, and Haessig, 1998). The observed 
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association of large debris flows with the reactivated older slumps and earthflows during ihe 1997 
flood contrasts with a recent report on the effects of 1997 floods in the San Francisco Bay area 
(Cannon. and Others, 1998). This report describes most of the landslides as shallow debris slides. 
Similarly, recent mapping of 1997- 1998 landslides in the Bay Area (Alarneda County) indicates that 
70-90% were shallow debris slides or soil slips (Jeff Coe, U.S. Geological Survey Denver, personal 
communication, 1998). 

With the exception of Deep and Walker Creeks, most streams retained the majority of their 30 year 
old (post-1964 flood) alder stands growing within andjadjacent to channels. These stands served to 
trap sediment and large logs. Streams such as Grider, Walker, Kelsey, Deep, Ihddle, Tompkins, and 
Ukonom Creeks delivered large volumes of sediment to the Klamath River, where remnants are still. 
visible for a considerable distance downstream of their moliths. The final disposition and effects of 
this sediment on the Klamath river itself have not been assessed. , 

2. DAMAGE TO ROADS AND STRUCTURES 

Damage to Roads 

Flood damage on' federal lands amounted to about $27 million as of March of 1998 (Richard Harris, 
personal communication, 1998). primarily on roads. At that time, 7 12 ERFO (Emergency Relief, 
Federally Owned) sites were approved for tiinding. The number of ERFO sites continuously grew 
during the course of this assessment, and computations involved 927 sites (Table 2). Figure 5 
shows the number, cost, and sediment production of 277 ERFO sites which were stratified into the 
seven categories described in the METHODS section. Damage to roads was concentrated in three 

I main geomorphic settings: (a) The stream channel environment, where roads crossed or paralleled 
streams (about 60% of ERFO sites); (b) On older landslide deposits; (c) Road fills on steep mountain 
slopes, particularly those placed in swales. Road damage at stream crossings was often the result of 
blocked culverts. Blockages were caused by numerous factors, including debris flows. woody 
debris and in a few cases, flows exceeding culvert capacity. Slumps and eartMows typically 
dropped the road inches or feet, occasionally taking out the entire prism. Loss of the prism occurred 
on toe zones of landslide deposits. Damage was made worse where multiple roads traversed the 
same hillslope, and where long road segments with inside ditches and cross drains were situated 
adjacent to stream crossings which experienced debris flows. Debris flows fiom small streams 
crossing Road 44N45 about a half mile SW of Indian Scotty Campground were diverted down the 
road ditch. Similarly, the capacity of the inside ditch was exceeded along a stretch of the County 
road (1C01) from Etna to Sawyers Bar about 2 miles north of Etna Summit. Another example of 
exceeded ditch capacity occurred on Highway 3, immediately south of Scott Mountain summit. 
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In the fall of 1997, a sample of 74 stream crossings in the Walker, Grider, O'Neil, Kuntz, and 
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Tompkins Creek watersheds were examined to identify possible relationships between culvert size 
and failure rate (Ledwith and others, 1998). This assessment examined relationships between 
hydraulic capacity of culverts, failure rate, failure mechanism, and it also evaluated the utility of 

I 
using hydraulic models to predict stream crossing failures. Severely damaged road segments were 
selected, and 5 1 of the 74 crossings examined had failed. Failure was defined as water overtopping 
the top of the culvert inlet. Of the failures, 40% were attributed to sediment slugs, 22% to debris 

I 
flows, 14% to hydraulic exceedence, and 10% plugging by woody debris. Stream diversions 
occurred at 35% of the failed crossings, while the potential for diversion was identified in 60% of all 
crossings examined, and the average distance of diversion for all sites was about 70 meters, and 57 

I 
meters for failed sites. Hydraulic capacity was measured for each culvert and it was found that 83% 
of failed culverts and 73% of unfailed culverts had a hydraulic capacity of less than a 25 year flood 
event. Failed pipes had a median of 8 years, and unfailed sites had a median of 11 years. No 

I 
correlation was found between failure rate and: culvert size; site elevation; inlet basin characteristics; 
nor rustline height in culverts. Thus, the hydraulic parameters examined did not turn out to be good I 
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predictors of culve~failure. However, it was found that the consequencesof failure could be 
predicted with reasonable accuracy. 

Count 

F 

142 

, 51 

40 

3. DAMAGE TO OTHER FACILITIES 

total 

2 1 

17 

3 

2 

Several houses and other buildings were damaged or destroyed near the mouths of Walker and 

r-sl rcm 
% of 

5 1.3% 

18.4% 

14.4% 

, Totals: 277 

Costs 

7.6% 

6.1% 

1.1% 
0.7% --- 

$5,873,644.00 

$2,503,353.00 

$924,476.00 

100.0% 

124,219.8 187,963.9 

51,148.3 5 15,304.8 

1,149.6 10,633.9 

$1,593,118.00 

$1 14,697.00 

$120,639.00 
$15,613.00 

17,457.2 17,834.1 

470.0 8,567.0 

174.0 346.9 
44.4 44.4 

$11,145,540.00 7 



Grider Creeks. The segment of Highway 96 fiom its junction with Highway 263 to ~ a ~ p ~  Camp 
was damaged in many segments due to undercutting. Damage to state highways was not addressed 
by this assessment. Debris flows fiom an old hydraulic mine cut damaged a Forest Service Building 
near Happy Camp. Near Horse Creek, a large landslide developed in the road cut and closed the 
highway numerous times during the spring of 1997. Upstream of Seiad Valley, undercutting, 
damaged the shoulder of the highway in many areas, exposing the recently-installed fiber optic 
communication line. This was likely the result of a combination of high flows and the seepage 
pressures which develop as water recedes in such situations. A Highway 96 bridge over the 
Klamath River near the Klamath River School was damaged by undercutting, and temporarily closed 
in July, 1997. Between Happy Camp and Orleans, several slumps and eartMows removed 
portions of Highway 96. A large e a h ~ o w  below Happy Camp near Benjamin Creek extend down 
to the Klarnath River, and it was repaired with a large rock buttress at the toe. Streamsundercut 
damage also occurred on County roads along the Salmon and Scott pvers, and two bridges on the 
county road were lost along the Scott River at Deep and Middle Creeks as a result of debris flows in 
the channels. Damage to highways created a large demand for large rock to be used as rip rap and 
landslide buttressing. 

Several campgrounds were flooded, and river access roads were damaged by scour and deposition. . 
One Forest Service bridge over the KIamath River was lost near Horse Creek, and several others 
were damaged. Many cost share roads were damaged by the flood, requiring coordination between 
shareholders in repair projects. Several landslides occurred which!afFect multiple ownerships, that is, 
landslides on one ownership affected land under different ownerships downslope. Extensive 
damage was caused to the trail system by debris flows traveling down streams in upper Elk Creek, 
Ukonom Creek, and the Upper South Fork of the Salmon River. Additionally, log bridges along 
trails (Grider Creek) were lost. 

4. EFFECTS ON STREAM CHANNELS 

Most of the field observations and temperature data presented here were provided by Jon Grunbaum. 
A total of 446 miles of altered channel were identified by air photo inventory within the air photo 
study area. In addition roughly 90 miles of of the   la math, Scott, and Salmon Rivers were altered 
within the photo area . Channel alterations were most severe in Walker and Deep Creeks, where 
major debris flows traversed the entire channel length. In these streams, the floodplain was 
significantly altered and most of the riparian vegetation removed. The alluvial fan at the mouth of 
Walker Creek was built up considerably. Effects were less pronounced at Tompkins, Grider, Kelsey, 
and Indian Creeks. See Map 2, and attached list of watershed names. In these streams, debris 
slides in steep headwaters generated debris flows in some tributaries, but most of the main stems 
appears to have experienced only hyperconcentrated flood flows, and most riparian vegetation 
survived there. Nonetheless, these creeks lost local patches of riparian vegetation, much of the 
floodplain was disturbed by deposition or scour, and large accumulations of woody debris were 
deposited. In some areas, logs were trapped by stands alders 20-30 years old. Based on 
observations of fisheries personnel, there appeared to be considerable reduction in size, volume, 
and depth of pools in Elk, Indian, Beaver, Grider, Tompkins, South Fork Salmon, and Walker 
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Creeks, and there is a larger proportion of fine sediment in the substrate. Alluvial 'reaches 
were made shallower and wider due to sedimentation. At the other end of the spectrum, 'Clear 
and Dillon Creeks were little affected by the flood. It appears that these streams experienced flood 
flows only, ,with some local debris flows in Clear Creek tributaries. Only a small amount of riparian 
vegetation was removed, and scour and deposition was mostly limited to the bankfUll channel. They 
appear to have experienced high flows without a large influx of sediment. Map 2 shows the 
distribution of flood-altered channels identified to date on the Forest. Most were identified fiom 
post-flood air photos. A recent study by California Department of Fish and Game (1997) in Elk, 
Indian and Bogus Creeks revealed that the substrate contained a high proportion of fines, but no pre- 
flood data are available for comparison purposes. 

Substrate Mobilization & Shade Loss 

Mobilization of the substrate appears to have occurred in channels throughout the west side of the 
Forest, but in particular those mentioned above.. This process likely destroyed most of the 1996 
crop( of fish eggs in gravels. This widespread mobilization is also likely to have had an adverse ' 

effect on invertebrates and the larval stages of the Pacific Lamprey which spends several years years 
of its life cycle in the channel substrate. The post-flood gravels in many of the streams are unstable, 
and susceptible to mobilization later in the year, and to a lesser degree for several years to come. 
Such mobilization is most likely ifkadnued landsliding and high flows occur within the next few 
years. Thus, the survival of the 1997 eggs in these new gravels is questionable over the next few 
years. 

Water Temperature 

Varying amounts of riparian vegetation were removed from channels, but quantitative data are not 
currently available. The potential for increased water temperatures due to shade loss are greatest in 
Walker, Tompkins, Elk, and Indian Creeks, and possibly the South Fork of the Salmon River. 
Similarly, channel aggradation which makes pools shallower and the channel wider can also result in 
increased summer temperatures. Preliminary assessment of continuously recorded temperature data 
from Elk Creek reveals that July and August temperatures in 1997 were considerably higher than the 
means from 1990- 1995 in all categories measured (Jon Grunbaum, personal communication, 1998). 
The instantaneous maximum in 1997 was 74.5 degrees Farenheit, while the mean from 1990-1995 
was 70.7 (with the highest being 72.3 in 1990 and 1994). The 7 day maximum average in 1997 
was 73.0 degrees in 1997, and the mean from 1990- 1995 was 69.4 (with the highest being 7 1.2 
degrees in 1990, 1992, and 1994). The 31 day maximum average was 69.6 in 1997, compared to 
67.0 for 1990- 1995 (with the highest being 69.1 in 1990, 199 1, and 1994). The diurnal variation 
in 1997 was 12.5 degrees compared to 7.6 degrees from 1990- 1995 (with 199 1 largest at 8.3 
degrees). The average 31 day temperature in 1997 was 64.0 degrees Farenheit, and the mean from 
1990- 1995 was 63.5 degrees The 1997 temperatures were exceeded in 199 1 (65.5 degrees), and 
1994 (65.8 degrees). In summary, 1997 water temperature at Elk Creek showed an increase in 
1997 relative to the period fiom 1990- 1995. The largest differences were in the instantaneous 
lnaximum and in diurnal temperature variation. The fact that 3 1 day averages were only 0.5 degrees 
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I higher in 1997 than the 1990- 1995 m e 4  and even cooler than in 199 1 and 1994 is probdbly a result 
of higher diurnal variations in 1997 which would average out. The high diurnal variation was most 
likely due to the loss of shade and shallowing and widening of the channel which allows more 
efficient heating during the day, and rapid cooling in the evening. 

Aggradafion and Channelization 

Aggradation which occurred during the flood, and tractor channelization after the flood at the 
mouths of Grider, Walker, Oneil, Portu$uese, and Independence Creeks could pose a problem to fish 
migrating from the river into these streams. These areas have not been evaluated on site. 

I Alterations in the Salmon River occurred primarily in the Upper South Fork where there was 
considerable alteration of bars (downstream of Blindhorse Creek) and filling of bedrock' pools a mile 
upstream of its junction with the East Fork. In the Scott River, the South Fork and the Lower Scott 

I seem most altered. No informtition has been obtained on changes to the Scott River through Scott 
Valley. 

Log Accumulations in Streams 

Accumulations of logs were deposited in the alluvial reaches of most of the flood altered channels, in 
particular in Elk, Grider, Tompkins, Indian, and Kelsey Creeks. Some of these channels had been ' , 

cleared of logs following floods in the 1960's and 1970's. The issue of how large logs in creeks 
should be managed is important throughout Northern California. There is considerable pressure to 
remove logs along developed streams which are spanned by many bridges. Similarly, channelization 
of streams, particularly at road crossings near the mouths is an issue. 
Some creeks, such as Beaver Creek had extensive damage to some headwater tributaries, but 
exhibited little effects from the flood in middle reaches. However the lower alluvial reaches were 
altered considerably by deposition and braiding of the channel. 

Channel Migration 

The Klamath a v e r  inundated a number of bars for the first time in several years, and appears to have 
changed courses in some areas to occupy channels which had previously carried high flows only 
(near Barkhouse Creek). Where tributaries enter the Klamath, deposits of coarse sediment which 
collected when the river was high, are in some cases retained near the mouths of the tributaries. A 
thorough assessment of alterations to the Klamath River channel has not been conducted. Migration 
of the channel occurred in segments of Grider, Tompkins, and Thompson Creeks. 

Landslide Dams 

A small landslide dam formed on the South Fork of the Scott River near the Callahan to Cecilville 
road. The dam was formed by a small (100 feet wide, 200 feet long) slump-earthflow on the toe of a 
larger dormant landslide deposit. The resulting pond was about 30 feet wide, 120 feet long, and a 



few feet deep. It is likely that the landslide occurred late in flood event, because the pdnd was not 
filled with sediment. In the Watershed of the North Fork of the Salmon River, remnants ofan older 
landslide dam on North Russian Creek (de la Fuente, Snavely, and others, 1995) were removed by 

I 
high flows, lowering the stream bed by 8 vertical feet. A small debris slide in Irving Creek (Ukonom 
District) formed a small temporary dam of a few feet in height. I 
5. DAMAGE TO FISH HABITAT IMPROVEMENT STRUCTURES 

These structures include log clusters placed or cabled along streams, toot wads, rock wiers, log 
wiers, boulder clusters etc. They have not been systematically assessed, but a'few observations can 
be made. Large boulder clusters and weirs in Elk and Indian Creeks as well as the South Fork 
Salmon appear to have weathered the high flows, though some were moved or buried. Cabled log 
structures were more often damaged, raised out of the channel, or removed. A small sample of log 
structures examined in middle Beaver Creek survived the high flows. These were oriented 
perpendicular to flow direction, and were embedded in both banks. 

Field observations (A1 Olson and Pat Higgins personal communication, 1998) during the summer of 
1997 resulted in the following qualitative evaluation: 

General Observations 

Boulder stkctures retained all or some habitat enhancing function despite their changed ' 

configuration after the flood. Structures associated with channel margins had a high survivability, 
while those in broad valley channels had high riskshenefits. Log structures will likely provide 
habitat benefits even if they were moved by the flood away from their original locations. Overall, 
in-channel structures can accelerate recovery of habitat complexity . 

Structure Performance 

Boulder structures had a high survival rate (>70%), and most remained functional, while 
boulder/rootwad structures had a moderate survival rate ( >SO% survived and remained functional). 
Complex log structures had a low survival rate (<30% were retained and remained functional), and 
channel-spanning structures exhibited variable success. 

6. DAMAGE TO PREVIOUSLY STABILIZED SLOPES 

The flood of 1997 provided the first test of the effectiveness of recently applied landslide and slope 
stabilization measures on Forest Service roads. The performance of these structures is currently 
being evaluated. Preliminary information indicates that virtually all of the reinforced fills installed 
over the past 5 years in Elk, Indian and Clear Creeks survived the saturated ground conditions 
associated with the flood, Similarly, landslide stabilization projects on the Sidewinder road (fabric 
reinforced fill), Zane Landing (a fill was excavated and removed from the head of a slump), West 
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I Fork of Beaver (Hilficker welded wire retaining wall), Hungry Creek (drained rock fill), 'south 
Russian (hilficker welded wire wall), and a Hilficker wall on Beaver Creek have survived in'good 
condition. The only known failures of such structures are a can wall in Walker Creek, and part of a I fabric reinforced fill on the West Fork of Beaver Creek, where part of the fill fdled, but the road 
prism remains intact. Several large landslides moved sufficiently to damage-structures but not 

I destroy them. Refer to Appendix B (Performance of Engineered Structures) for hrther information. 
A recently decommissioned road (involving removal of large fills) in the dissected granitic terrane of 
Steinacher Creek (tributary to Wooley Creek) emerged fiom the flood with only minor erosion 
damage. 

B. HOW PHYSICAL FACTORS INFLUENCED FLOOD 1 PROCESSES 

I Physical factors such as local variations in storm intensity, bedrock, geomorphology, elevation, 
slope, and aspect, appear to have played an important role in the way in which flood processes were 
manifest across the landscape. This section systematically examines these factors one at a time. 
Interactions between them are subsequently examined. 

I 1. HYDROLOGIC FACTORS 
, 

The climate on the Klamath Forest is Mediterranean in character, with most precipitation occurring * 

in winter. The permanent snowpack generally occurs above 4,000 feet, and precipitation ranges I from 10 inches in the east to 130 inches in the west. Refer to Klarnath National Forest Land and 
Resources Management Plan for additional information (USDA, Forest Service, Klamath National 

I Forest, 1994). 

One of the most important elements of this flood assessment is the attempt to accurately reconstruct 

I precipitation and peak flow patterns, and how they varied across the Forest. Similarly, it is very 
important to identify variations in antecedent moisture conditions (pre-flood precipitation and snow 
pack). The better these factors are understood, the better we can assess the effects of natural land 

I instability and land management on flood processes. 

I 
To date, no definitive correlations have been identified which link variations in precipitation intensity, 
snowpack, or peak flows to variation in severity of flood effects. Nonetheless, the concentration of 
road damage and flood altered channels in localized areas such as around Lake Mountain and upper 

I 
Elk and Ukonorn Creeks suggests that intense storm cells or variations in snowmelt did in fact occur. 
The Lake Mountain area experienced the most severe flood effects on the Klamath Forest (Map 10). 
This area is drained by Kelsey, Deep, Middle, and Tompkins Creeks, (tributaries to the Scott River), 

I and Grider, and Walker Creeks (tributaries to the Klamath River above the Seiad). The peak flow in 
the Scott River had a 14 year recurrence interval, and the peak in the Klamath River below Seiad 
had a 15 year recurrence interval (Map 5). By contrast, the Salmon River experienced a peak flow 

I with a much higher recurrence interval (37 years), but landsliding, channel alteration, and road 



I '  
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damage there was much less severe than in the Lake Mountain Area. The only evidence for 
exceptionally high precipitation near Lake Mountain was recorded by a private station at Seiad. This 
station exceeded December norms by more than most other stations on the forest (Map 4). The 
observation that peak flows do not seem to mirror flood effects is likely influenced by the locations 
of the Scott and Klamath River gauges. The gauge on the Scott River (Map 5) is above the 
tributaries most affected by the flood ( Kelsey, Deep, Middle, and Tompkins Creeks), and would not 
have shown effects of the high flows there. Similarly, the gauge in the Klamath River below Seiad 
may not have shown the effects of high flows fiom Grider, Walker, and adjacent tributaries because 
they are too small relative to the catchment area of the,Klamath River ,upstream to significantly 
increase the total flow amount. There may also have been some local orographic effects. 
Precipitation data from the Pit River area during the 1997 flood (Steve Bachrnann, personal 
communication, 1998) reveal that there was considerable variation in rainfall intensity and amount 
over relatively short distances. 

I *  

The intensities of precipitation measured near Scott Mountain by snow pillow stations suggests that 
thresholds for debris slides described by Cannon (1 985) were exceeded (see Appendix E). The 
storms appear to have been traversing the KNF in a northeasterly direction. This parallels the trend 
of maximum damage across the Forest (Map 4). However, the NE to SW trend of damage on the 
Forest may represent local responses only, since no data of similar detail are available in adjoining 
areas. 

One way'iri which this question could be investigated fbrther is by use of doppler radar data, which 
could identi@ areas of exceptionally heavy precipitation. Such data were not available for this 
investigation, but they are being pursued as part of Phase 11 of the flood assessment. 

2. BEDROCK AND GEOMORPHIC TERRQNES 

Bedrock and geomorphic factors have been linked to landslide incidence by numerous recent studies 
in the northwestern United States (de la Fuente and Haessig, 1993, McClelland, Doug E., and others 
1998). The influence of these factors on flood processes was examined by determining the density 
(number per square mile) of landslides and ERFO (Emergency Relief Federally Owned) sites, and the 
density (miles per square mile) of altered channels in different bedrock and geomorphic terranes. 
Graphs at the end of this section summarize findings: Figure 6 = Bedrock; Figure 7 = Geomorphic 
Terrahes (Tables 1-5). Similar approaches were used rec$ntly on the Clearwater Forest 
(McClelland, Doug E., and others 1998) and in Puerto Rico (Larsen, 1996). Landslide and altered 
channel densities were computed over the land base of the photo study area (771,000 acres), 
whereas ERFO densities were computed over the 1.6 million acres on the west side of the Klamath 
National Forest. The reason for using different land bases was that the entire west side of the forest 
was inventoried for ERFO sites, whereas landslides and altered channels were systematically 
inventoried only within the air photo area. 
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Bedrock Terranes 

The west side of the Klamath Forest lies entirely within the Klamath Mountains Physiographic 
Province. This province is comprised of a series of tectonostratigraphic terranes (referred to as 
bedrock terranes in this document) which were accreted to the western margin of North America 
over the past several hundred million years. They are rock units which share a common history of 
formation, internal coherence, mineral deposits, and rock assemblages. Rocks consist of 
metamorphosed Paleozoic and Mesozoic lavas and marine sediments such as chert, argillite, and 
marble, as well as mantle rocks (peridotite and serpendnite) and plutonic rock (mostly diorite). 
Bedrock Terranes used in this assessment are fiom the Klamath Forest bedrock layer (GIs). They 
consist of cd- Condrey Mountain, cm- Central Metamorphic, pl- Plutons or granitic rock, rct- 
Rattlesnake Creek, sbt- Sawyers Bar, sbt?lsfl- Sawyers Bar or Stuart Fork, sf- Stuart Fork, 
sur- Surficial Deposits, wht- Western Hayfork, wj- Western Jurassic, yr- Yreka. Plutons and 
surficial deposits are not actual 'bedrock terranes as defined above, but were used because they were 
available as distinct units in the GIs layer. Map 6 shows the distribution of landslides, ERFO sites, 
and flood-altered channels relative to bedrock terranes, and Figure 6 graphs density for landslides, 
ERFO sites, and altered channels by bedrock terrane. 

Landslides- Average flood-related landslide density (number per square mile) identified on air 
photos was 0.59, and on undisturbed land, it was 0.27. Landslides were most dense in two bedrock 
terranes, Rattlesnake Creek (0.84). and plutons (0.77). The concentration of landslides in tbese 
terranes supports previously identified instability in these rock units. Landslides in the Rattlesnake 

' 

Creek Terrane are mostly debris slides on the toe zones of slump and eartMow deposits. Those in 
plutons are primarily shallow debris slides in steep, weathered and dissected areas (see Map 6). The 
overall high density in plutons was influenced by the concentration of landslides in plutons in the Elk 
and Ukonom Creek watersheds. In these watersheds, landslides are of two main affiliations, those 
associated with roads, and those associated with areas burned by wildfire in 1987. Density was 
lowest in the Sawyers Bar (0.26), Western Jurassic (0.17). and Condrey Mountain (0.27) Terranes. 
Figure 6 displays the density and number of landslides by bedrock terrane. 

ERFO.Sites-Average ERFO site density (sites per square mile) on the west side of the Forest is 
0.37. ERFO sites are concentrated in surficial deposits (2.43), Condrey Mt. (0.65), and Rattlesnake 
Creek terranes (0.55 slidedsq mi). The lowest were Central Metamorphic (0.14) and Stuart Fork 
Terranes (0.14). and Plutons (0.3 1). Figure 6 displays the density and number of ERFO sites by 
bedrock terrane. The reason that surficial deposits are such a high density may be related to the fact 
that this unit includes alluvial deposits, and by nature, alluvial deposits are along streams. 
Consequently the high density may be due to the fact about 60% of ERFO sites were along streams. 
Further, surficial deposits comprise an insignificant part of the landbase (0.1%). The low 
concentration in plutons is influenced by the fact that a large proportion is in wilderness, where there 
are no roads. The low density of ERFO sites in plutons is likely due to the fact that much of the 
pluton area is in wilderness, where there are no roads. 

Altered Channels- Altered channel density (miles per square mile) averages 0.37 across the photo 



area. The kghest density of altered channels is 0.65 in plutons, and 0.40 in Rattlesnake Creek 
terrane. Map 6 reveals that these high numbers are the result large, far-reaching debris flows in 
Ukonom, Elk, and East Fork of Indian Creeks. In some cases (such as Walker Creek) debris slides 
originati~gjn Rattlesnake Creek terrane carried downslope to the mainstem, which traverses mostly 
granitic terrane, giving the appearance that granitic bedrock is associated with dense altered 
channels, when if fact, it is merely receiving the effects of upslope processes. The lowest density of 
altered channels is within Sawyers BarfStuart Fork, Western Jurassic (0.22), and Condrey Mountain 
(0.18)Terranes. Figure 6 displays the density of altered channels by bedrock terrane. 

' I 

Summary- The Rattlesnake Creek Terrane, previously iewgnized as'landslide-prone, had the 
highest density of landslides and second highest density of ERFO sites and altered channels. Plutons, 
also recognized previously as being prone to shallow debris sliding, had the second highest landslide 
density, and the highest density of altered channels. However, it had the lowest density of ERFO 
sites. This is probably linked to the fact that much of the pluton area is in the wilderness, where 
there are no roads. Map 6 shows the concentration of landslides, ERFO sites and altered channels in 
the central part of the Rattlesnake Creek Terrane exposures. The lack of these effects in the the 
western portion may be due to the fact that this area has little vegetative disturbance and few roads. 

~ e o m o r ~ h i c  Terranes , , , '  

The Klarnath Mountains Physiographic Province consists af steep, rugged mountains with glaciated 
uplands which are experiencing rapid uplift and are affected by periodic earthquakes originating in 
the adjacent Cascadia subduction zone to the west. During the Pleistocene Epoch, large landslides 
(slumps and earthflows) developed across much of the landscape, likely due in part in response to 
wetter climate than currently exists. These large ancient landslides occupy about 25% of the land 
area on west side of the Klamath National Forest, and are notably rare in plutons (Map 7). Due to 
this combination of factors, landsliding is a common process today, and much of the recent 
landsliding consists of localized slumps and earthflows (reactivations) and debris slides on the toes of 
slump and earthflow deposits. For purposes of this assessment, the Forest geomorphic layer was 
used which identifies 12 different geomorphic terranes. It incorporates elements of bedrock, slope, 
sutficial deposits, and landform. These geomorphic terranes are land units which exhibit similar 
slope processes and landslide susceptibility. The terranes are: 

#1. Active Landslides (slumps, earthflows and debris slides active prior to 1997) 
#2. Toe Zones (the steep toe areas on distal margins and bodies of slump and earthflow deposits) 
#3. Landslide Deposits (undifferentiated Slump and Earthflow deposits; not active) 
#4. Mountain Slopes: Granitic; Steep (Plutons with slope gradients >65%) 
#5. Mountain Slopes: Granitic; Gentle to Moderate (Plutons, slopes 0-65%) 
#6. Mountain Slopes: Non-Granitic; Steep (slope gradients >65%) 
#8. Mountain Slopes: Non-Granitic; Gentle to Moderate (slope gradients 0-65%) 
#9. Inner Gorge: Unconsolidated (developed in landslide, glacial, or terrace deposits) 
#lo. Inner Gorge: Granitic (developed in granitic bedrock) 
#I  I .  Inner Gorge: Non-Granitic (developed in non-granitic bedrock) 



#12. Debris Basin (steep fan-shaped amphitheater forming headwaters of 1" order stream) 
#13. Glacial, Terrace, and Alluvirrl Deposits 

For a more complete description of these terranes, refer to de la Fuente and Haessig, (1 993). 
Together, terranes 43, and 10 are equivalent to Plutons on the bedrock terrane layer. Terranes 2,3, 
and most of 9 consist of dormant landslide deposits. Map 7 is a simplified display of the forest-wide 
distribution of 1997 landslides by geomorphic terrane, and Maps 10, 1 1,12, and 17 show the 
geomorphic terranes in the Lake Mountain, Thompson Creek, Ukonom Lake, and Walker Creek 
areas respectively. Figure 7 graphs densities for landslides, ERFO sites, and altered channels by 
geomorphic terrane. 

Landslides- Average flood-related landslide density (number per square mile) identified on air 
photos was 0.59, and on undisturbed land, it was 0.27. The highest densities occurred in three 
geomorphic terranes, active landslides (5.63); unconsolidated inner gorge (1.35); and landslide 
deposits (0.72). Average for the three types of inner gorge (terrane #'s 9,10,11) was 0.82 (133 
landslides), and for the three types of dormant landslide deposits, (terranes #2,3,9) it was 0.79, and 
included a total of 267 landslides. Air photo investigation and field observations reveal that most of 
the large debris flows originated on the toe zones of landslide deposits. This observation is not , 

reflected in landslide density for toe zones, due to the fact that these features are not well-mapped on 
the geomorphic layer. Density was lowest in debris basins (0.25) and glacial deposits 0.10. 
Higher densities were anticipated in debris basins. A possible explanation for this may be that 
bedrock in these exceptionally steep areas may be stronger than adjacent areas. Glacial deposits 
were expected to have a low density since most of them occur on the floors of glaciated valleys, and 
exhibit low slope gradients. Figure 7 displays landslide density and number of landslides for all 12 
geomorphic terranes. Concentration of landslides in geomorphic terranes varied considerably by 
individual watershed. In Walker Creek (Maps 10 and 17). there were few landslides in plutons 
while in Elk Creek (Map 12), they were dense (in Granite Fork), as previously mentioned. This may 
well be a fbnction of vegetative disturbance, in that the pluton in Walker Creek is little disturbed, 
whereas in Elk Creek, much of the pluton was burned by wildfire in 1987, and many slides are road- 
related. Landslide concentrations in older landslide deposits are striking in Grider, Walker and 
Thompson Creeks (Maps 10- 12). 

ERFO Sites- Average density (sites per square mile) for ERFO (Emergency Relief Federally 
Owned) sites was 0.34. This value is slightly different than the value stated under bedrock (0.37), 
and it is due to some 6 ERFO sites which were used includes in bedrock computations, but could not 
be used here because geomorphic mapping is not available for that area. It was highest in 
previously identified active landslides (1.37), granitic inner gorge (0.97), and lowest in debris 
basins (0.03) and steep non-granitic mountain slopes (0.1 l), and steep granitic mountain slopes 
(0.10). The combined density for all three types of inner gorge was 1.59 (256 sites). The combined 
density of ERFO sites in the three types dormant landslide was 0.91 (307 sites). ERFO site density 
and numbers of sites for all geomorphic terranes are displayed in Figure 7. Field observations 
indicate that many more are actually located on smaller unmapped landslide deposits. However, 
there are still a small percentage of landslides which occur on mountain slopes with no evidence of 
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past landsliding, such as large bedrock debris slides. Previously active landslides have a high 
concentration of ERFO sites (as well as new landslides) because the flood reactivated many of these 
landslides. A likely explanation for the high density of sites within the inner gorge is that about half 
of all EWO sites were stream crossing failures, and a large proportion of streams have inner gorges. 
Thus, stream crossing failures such as a blocked culvert or loss of fill would show up here. The low 
density of ERFO sites in debris basins may'be due to the fact that there are few roads across debris 
basins, and there were also very few landslides within debris basins forest wide. The difference in 
densities for ERFO sites and active landslides (ERFO density in inner gorge is relatively higher than 
active landslides) is influenced by the fact that slides iq headwaters f o p  debris flows which have 
downstream effects on roads. Figure 7 displays the density of ERFO sites by geomorphic terrane. 

Altered Channels- Average density of altered channels was 0.37 miles per square mile over the air 
photo area. Density of altered channels by the identified geomorphic terranes is probably not very 
elucidating about flood processes because one of the geomorphic units. This is because the inner 
gorge is a stream unit which is virtually coincident with the stream, and is long and narrow. The 
overlap of altered channel with inner gorge is expected, since they both are channel features. In 
essence, it says there are many altered channels in channels. Broader terrane types would yield 
more meaninal in formation. The highest density of altered channels was in granitic inner gorge 
(3.08) and unc~~solidated inner gorge (2.07), and non-granitic inner gorge (1.91). In active 
landslides it was 1.09. The lowest density was in gentle to moderate slope non-granitic mountain 
slopes (0.05), steep non granitic lands (0.06). 

I I 

Summary- In summary, 1997 landslides were concentrated most in previously active landslides, 
landslide deposits, and inner gorges. Similarly, ERFO sites were concentrated in previously active 
landslides, and inner gorges and dormant landslide deposits. The density of altered channels by 
geomorphic terrane was not useful in characterizing landscape behavior. This is due to the fact that 
some of the terranes (inner gorges) virtually coincide with the streams. 

3. ELEVATION, SLOPE, AND ASPECT 

These factors have been shown to play an important role in landslide incidence. This assessment 
used elevation zones of 0-2.000, 2,000-4,000, 4,000-6,000, and >6,000 feet. Slope classes were 0- 
20%, 20-40%, 40-65%. and >65%. Smaller classes of elevation and slope gradient were also 
examined, but are not displayed on figures 8- 10. Aspects (azimuth) were north (3 10-70 degrees), 
East (70-130 degrees), South (130-250 degrees), and West (250-3 10 degrees). Aspect classes were 
selected from the U.S. Forest Service Region 5 Inventory and Analysis User's Guide (USFS, 1997) 
which is designed to delineate areas of similar insolation. All data for this part of the assessment 
were derived-from the 30 meter digital elevation model. Findings are summarized in Figure 8 
(Elevation), Figure' 9 (Slope Gradient), and Figure 10 (Aspect). Refer to Tables 1-3 for additional 
detail. , . 



Landslides- Average flood-related landslide density (number per square mile) identified on air I photos w& 0.59, and on undisturbed land, it was 0.27. Landslide density at 0-2,000 feet was 0.17, 
from 2,000-4,000 feet it was (0.47), from 4,000-6,000, it was (1.09), and at >6,000 feet, it was 0.26. 
Examination of 500 foot elevation zones revealed that the highest densities occurred between I elevations 5,000-5,500 feet (1.46) and 4,500-5,000 feet (1.37). Most of this information is 
displayed on Figure 8 and on Maps 8 and 13. In many of the flood-altered watersheds, there was a 
clear pattern of severe channel alteration in the upper half of the watetshed (usually above 4,000 I feet), and only minor alteration of the lower half (confined to the main channel). In such cases, 
many or most of the tributaries in the upper half experienced debris flows, whereas those in the 

I lower half did not. Alteration to channels in the lower half was limited to the main stem. This 
I pattern is displayed by Walker, Tornpkins, Portuguese, Ukonom, Independence, and Portuguese 

Creeks (Maps 8 and 13). 

The concentration of landslides at 4,500 to 5,500 feet in elevation suggests that snowmelt may have 
played an important role in peak hillslope saturation. Tributaries with lower elevation headwaters ' 

generally experienced fewer debris flows. This pattern contrasts with that on part of the Rogue , 

Forest to the north, where the Ashland watershed had many debris flows at lower elevations (Hicks 
1997), and on the Shasta Trinity National Forest to the south in the Salt Creek area tributary to 
Shasta Lak,e (Steve Bachmann, Abel Jasso, personal communication, 1998). 

ERFO Sites- Average ERFO density (sites per square mile) in the air photo area was 0.62. It was 
highest at elevations 2,000-4,000 feet (0.79), and <2,000 feet (0.58). There were no ERFO sites > 
6,000 feet, and the density was 0.49 at 4,000-6,000 feet. These patterns are displayed on Figure 8 
and on Maps 8 and 13. The reason for this pattern is likely associated with the fact that many high 
elevation debris flows had downstream effects a considerable distance away. Also, cumulative 
runoff effects result in higher flow volumes lower in the watershed, and stream densities are usually 
higher. Since half of all ERFO sites were associated with stream crossings, and there are more 
stream crossings at lower elevations, it stands to reason that ERFO density would be higher at lower 
elevations. Also, roads are concentrated in the 2,000-4,000 foot elevation zone. 

Altered Chrnnels- The average altered channel density (miles per square mile) was 0.37. The 
highest density of altered channels was in the 0-2,000 (0.50), and 4,000-6,000 (0.42) elevation zone. 
The lowest density was in the > 6,000 foot zone (0.04), and from 2,000-4,000 feet, it was 0.34. One 
possible explanation for this pattern is that landslide density is highest in the 4,000-6,000 zone, and 
this is were debris flows originated. This could lead to higher concentration of altered channels 
below that elevation. However, lower values for the 2,000-4,000 zone are puzzling. 

Summnry- Landslides were concentrated in different elevation iones than ERFO sites: Landslides 
were concentrated in the 4,500-5,500 zone, but ERFO sites were concentrated the 2,000-4,000 
zone. The highest densities of altered channels occurred in 0-2,000 and 4,000-6,000 elevation. At 
0-2000 feet, channels are large and likely more visible on air photos. 
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Slope Gradient 
. . 

, ' . . I 
Landslides- Average flood-related landslide density (number per square mile) identified on air 
photos was 0.59, and on undisturbed land, it was 0.27. Landslide density was highest in two slope 
classes, 40-65% (0.86), and >65% (0.77). At 2040% it was 0.3 1, and at 0-20%, it was 0.12. This 
compares to area average of 0.59. These patterns are displayed on Map 14, and on Figure 9. The 

I 
concentration of landslides at 40-65% slope, and to a lesser degree at >65% is likely due to the fact 
that most landslides inventoried were debris slides which typically occur on steeper slopes. Also, 

I 
areas steepet than 65% may be underlain by stronger rock. Field observations suggest that the 
DEM tends to flatten slopes, and may understate the gradient by 10% or more. Examination of 5% 
slope increments revealed that the highest density was at 50-55% gradient (0.96). 

I 
ERFO Sites- Average ERFO site density (sites per square mile) in the air photo area 0.62, and 
across the entire'west side of the Forest, it was 0.34. Density within the air photo area was highest 

I 
in slope classes 0-20% and 20-40%, (0.86 and 0.74 respectively) and least common in the class 
>65% (0.25). The reason that the distribution of ERFO sites by slope gradient is so different fiom 
active landslides is likely related to the fact that more than half of all ERFO sites are associated with 

I 
stream crossings, and many of these are low in the watershed on the floodplain, which has a low 
slope gradient. It,stands to reason that ERFO density would be higher in such low gradient areas. 
Another factor may be that DEM's seem to artificially flatten some streatltctossing areas. 

I 
t 

Altered Channels- The average density (miles per square mile) of altered channels in the photo area 
was 0.37). The highest density of altered channels is in the 0-20% (11.36) and 20-40% (0.43) slope 

I 
i 

classes. The lowest density was in the >65% slope (0.13). i 
Summary- Landslides are concentrated in steep areas (>40% slope). but ERFO sites in gentle 
ground (<40% slope). This pattern is probably linked to the fact that most ERFO sites (60%) 
occurred near streams which tend to be on flatter ground. Also, the digital elevation model appears 

I 
to flatten out the terrain near streams, failing to catch the steep inner gorge slopes. The distribution 
of altered channels by slope gradient reveals that highest densities are in 0-20% class. I 

Slope Aspect 

Landslides- Average flood-related landslide density (number per square mile) identified on air 
photos was 0.59, and on undisturbed land, it was 0.27. Landslide density was highest (Figure 10) in 
the north and east aspect classes (0.74 and 0.73 respectively). Density was lowest in the south and 
west classes (0.50 and 0.47 respectively). These patterns are displayed on Figure 10 and Map 15 for 

I 
the Lake Mountain area. The concentration of landslides in aspect classes north and east suggests 
that snow accumulation and melt rate may have played an important role in saturating hillslopes, or 
thicker soils on north slopes may be more landslide prone. 

I 

ERFO Sites- Average ERFO site density (sites per square milk) in the air photo area 0.62, and 
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across the entire west side of the Forest, it was 0.34. Similar to landslides, ERFO site density were 
concentrated on east and north aspects (0.75, and 0.66 respectively), and least common on west and 

I 
south aspects (0.57 and 0.53 respectively). I 
Altered Channels- The average density (miles per square mile) of altered channels in the photo area 
was 0.37. It was slightly higher than average on north aspects (0.44). The other three aspect classes 
were near the norm (east ='0.38, south = 0.32, west = 0.33). One possible explanation for this 
pattern is that Walker, Grider and Elk mostly north aspect. An impoflant question is how the 
algorithm classifies the stream when it separates two separate aspect classes. However this DEM 
generated aspect may be a hnction of how aspect is calculated in the algorithm 

I I 

I 
Summary- Landslides and ERFO sites were both concentrated on north and east aspects. This 
could be linked to snow accumulation differences or to soil differences. Altered channels did not 
show much aspect preference, bther that north aspects were slightly denser. 

' I 

C. HOW HUMAN ACTIVITIES AND FIRE INFLUENCED 
I 

FLOOD PROCESSES I 
This section addresses how roads and other ecosystem disturbances'cfire and harvest) influenced 
flood proaesses (hillslope erosion. sediment transport and deposition, flooding). A previoys portion 

' 

of this report (Section IV A 2; Damage to Roads and Structures) dealt with how the flood 
I 

processes affected the facilities. I 
Forest ecosystem disturbances associated with management activities (road construction and timber 
harvest) and de-vegetation associated with fire had numerous effects on flood processes These 
effects can be placed into three categories: (1) Changes in hillslope and channel hydrology; (2) 
Changes in the physical characteristics of the soil and colluvium; (3) Changes in hillslope mass 

I 
balance. These effects categories are addressed below for roads, timber harvest, and fire. I 
Effects of pre-flood disturbances to the ecosystem on flood processes were assessed by determining 
the frequency or density of landslides and ERFO sites (number per square mile) and altered channels 
(miles per square mile) in each disturbance category, and comparing them to undisturbed lands. 
Results are summarized in Figure 11 at the end of the section. Field observations were also utilized 

I 
in describing effects.. B 
1. ROADS: THEIR EFFECTS ON FLOOD PROCESSES 

Road Effects 

Of the common human activities in forested lands, roads undoubtedly have the greatest effects on 
slope stability (Sidle and others, 1985). The primary effects are: (a) Roads affect hillslope and 

I 
I 



I channel hydrology; @) Roads affect the density, permeability, and slope gradient of the soil and 
colluvium; (c) Roads affect mass balance by placing cuts and fills on hillslopes. A detailed 
description of these effects is contained in the DISCUSSION section of this report (Appendix B I Item VI):. . 

I Road Fills, Cuts, and Surface Drainage 

Road fills, cuts, and surface drainage were found to have had critical effects on flood processes as I follows: 

(1) Road Fills- Road fills had three key effect on flood process: (a) By disrupting channel 

I configuration at stream crossings, and causing diversions; (b) By placing landslide-prone soil and 
rock on steep hillslopes; (c) By placing loads on the heads of slumps and eartMows. 

I 
(2) Road Cuts- Road cuts affected flood processes by intercepting subsurface flow, undermining 
slopes, and removing weight. 
(3) Road Surface Drainage- The road surface, inside ditch, and cross drains altered slope 
hydrology by conveying the water intercepted by road stream crossings, road cuts, and the road 
surface itself, and delivering it to new sites on the landscape. 

These three primary road components (fills, cuts, drainage) played differentmles in different 
geomorpl$c settings as described below. 

I 

Geomorphic Setting 

It was found that roads had their largest effects on flood processes and also experienced the most 
damage in three geomorphic settings: 

(1)The stream channel environment where roads crossed or paralleled streams. Here, some road 
fills blocked passage of sediment and logs. Other fills failed, contributing sediment to streams. Road 
cuts into inner gorge walls initiated debris slides. Lastly, road ditches delivered additional water to 
crossings, and served as diversion channels; 
(2) On landslide terrane (older landslide deposits geomorphic terranes 2.3.9) where roads undercut 
toe zones or loaded the heads of slumps and eartMows; 
(3) On steep mountain slopes, where fills were placed in steep swales, or cuts undermined weak 
slopes.. 

Cum'ulative Effects 

Two primarytypes of cumulative or cascading effects were identified relative to roads: 



(1) Dense koad System- This situation is where multiple roads, one above the other, crdss the same 
hillslope, resulting in complex interactions between the roads and geomorphic processes. (2) Long 
In-sloped Road Segments- Long road segments with inside ditches finction basically as artificial 

I 
stream networks. Even though flow is interrupted by cross drains and small drainages, unusually 
high discharges or cut bank failures can cause multiple cross drains to fail along a road segment, and 
even allow water to bypass small stream crossings if effective drainage safety valves are not designed 

I 
into the road. These potential problems can be effectively identified by inventories. I 

Effects Assessment 

The effects of roads on flood processes were analyzed by determining the landslide density 
(landslides per square mile) in road corridors, by stratifying two samples of the ERFO sites, and field 
observations. 

Results of the Air Photo Inventory- Average landslide density (number per square mile) across the 
landscape was 0.59, and on undisturbed land. it was 0.27. A total of 182 landslides were identified 
by air photo inventory within the 50 foot wide road corridor, yielding a density of 7.34 (Figure 11). 
Therefore, the landslide density in the road corridoy was 27 times that in undisturbed land 
(7.34/0.27 = 27). This density figure does not account for differences in effects between different 
landslides (a singlekwgdandslide may deliver more sediment than many smaller ones). Maps 9-12, , 

and 17 display landslides and roads for various parts of the Forest, and Figure 1 1 graphs density. It 
is important to recognize that the presence of a landslide within a road corridor does not nkcessarily 
mean that it was caused by the road. 

Results of the Stratification of ERFO Sites- An initial sample of 277 sites was stratified according 
to type failure mechanism etc., and results summarized in Figure 5. Later, a second sample (297 
sites) was stratified, but the results of these two samples have not yet been combined. 
Consequently, the results of both samples are presented here. For example, the initial sample 
classified 60% of the ERFO sites as stream-related, while the second sample classified 50% as 
stream-related. In the following section, both values are presented and values fiom the initial 
sample are in bold type. In the above example, the figures for stream-related ERFO sites would be 
presented as 'a range (50-60%). 

- 
Road Stream Crossing Failures- Road crossings at streams accounted for. 42-51% of the ERFO 
sites, highlighting the sensitivity of this part of the landscape (Photo #8 & 97-27-6A). Most of these 
involved blockage of culverts and overtopping and partial or complete failure of fills. About 66% 
(Figure 5) of the debris mobilized at culvert crossing sites was delivered to streams while the 

I 
remainder either remained in the road prism, or was deposited on hillslopes below. From 2-7% 
generated debris flows. From 22-29% of stream crossing failures resulted in drainage diversions 
which caused gullies and fill failures downslope. This compares to 35% reported by Ledwith and 

I 
others (1 998). ~urther. water diverted to the site by the road contributed to failure in 16-24% of 
the stream crossing failures. Debris flows originating upstream from the failed road stream crossing 
accounted for 23% of the road stream crossing failures. A larger pipe would probably not have 

I 
I 
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prevented failure at these sites. Ledwith and others (1 998) found 22% of their sample experienced 
debris flows originating upstream. Many of these debris flows were of such size and composition 
(containing large logs and boulders) that the culverts would have failed even if they were designed to 
handle a 100 year recurrence interval flow of water through the pipe. Debris flows eroded through 
the entire prism in some cases, such as at Walker Creek where road 46N61A was severed by a debris 
flow which formed a gully 100 feet wide and about 60 feet deep, mobilizing on the order 300,000 
cubic yards of debris photos 4a & 4b). From 6-23% of road stream crossings involved 
landsliding. 

Landslides Away From Stream Crossings- Landslides away from stream crossings accounted for 
18-26% of ERFO sites. Water diverted to the site by the road was identified as a factor 
contributing to failure in 26-41% of the landslides. Common landslide types included slumps and 
eartMows which dropped the road prism inches in some places, and tens of feet in others (Photo 
#6). Some of these removed the entire road, and making it very difficult to re-establish the road 
without hrther destabilizing the landslide. This has important road access implications on some 
arterial roads. Landslides ranged from road-caused to road influenced, to unrelated to the road. 
Some landslides were induced by placement of rock and soil waste on the head of a dormant 
landslide such as observed in the Horse Creek Watershed (Salt Gulch) as well as in Grider and 
Walker Creeks. In addition to the ERFO sites classified as "landslides", landslide processes played 
a role at many of the other ERFO strata. For example, landsliding was involved in 6-23% of the 
stream croqsing failures, 18-9 1 % of the fill failures, an unknown proportion of the stream undercuts, 
and 76-93% of the cut bank failures (assuming those >35 cubic yards are "landslides"). 1n 
summary, landsliding played a role in about 34-6 1% of all ERFO sites. 

Road Fill Failures Away From Streams- Road fill failures way from streams (Photo #5)  accounted 
for 15-18% of the ERFO sites. Fill failures generated debris flows in 11% of the second sample, 
but none in the initial sample. In some cases, only the shoulder of the road was affected but in 
others, the entire road surface was removed. Diverted water was identified as a factor contributing 
to failure in 32-48% of the road fill failures. 

Stream Undercuts- Stream Undercuts accounted for 7-8% of ERFO sites (Photo #7). Some sites 
involved only 10's of cubic yards, while others involved thousands. Examples of stream 
undercutting occur along Beaver Creek, Elk Creek, South Fork Salmon River, Horse Creek. Scott 
River, and the Klamath River. In most cases, at least one lane of the road survived. A considerable 
volume of debris was delivered by this process along the South Fork Salmon River. 

Road Cut Failures- Road cut failures away from streams accounted for 5-6% of ERFO sites. The 
primary slope processes were shallow slumping and debris sliding. As such, these could all be 
classified as landslides, but only those greater than 35 cubic yards were called "landslides" in data 
summaries. Failed material was typically deposited on the road surface, and ranged in volume from a 
few tens of cubic yards to many hundred cubic yards. 

Gullies, Rills and Sheet Wash- Gullies, rills and sheet wash linked to water concentration and 



, 
diversion accounted for only 1% of the ERFO sample. Rill and gully erosion is common' at many of 
the ERFO sites, but only a few were classified in this category, since they also involved other' types 
of failure. In many cases, they were caused by diversions at stream crossings. Failure of cross drains 

I 
on in-sloped roads had similar but generally smaller adverse effects. 

Flooding and Inundation- Flooding accounted for only less than 1% of the ERFO sample. This 
includes the effects of floodplain inundation, such as deposition of fine sediment, water damage, or 
channel scour. In most cases, the road itself did not influence the flooding. Exceptions occurred 
where large fills were placed on the floodplain, influencing flood behavior. 

Results of Field Observations at ERFO Sites 

In some watersheds, such as in parts of Elk Creek, roads were a prominent source of many small 
debris flows generated by fill failures. Some hard to fix landslides are being treated by fixing the 

I 
immediate problem and making the road passable, but ERFO does not provide fbnding to fix the 
larger active landslide complex. Fill Failures in granitic terrane often had cascading effects. I 

Summary Observations For Roads I 
Based on air photo mapping, the road corridor experiZnced landslides at a rate 27 times the 
undisturbed rate. Stream Crossing and undercuts account for about 60% of ERFO sites., Landslides 
are very important and some are very costly, repairs are complex. and the potential for failure is long' 
term. Once a large landslide is activated, it is difficult to stop. Stream crossings (non-landslide) are 

I 
generally simpler to fix, but can be just as costly. On the most sensitive geomorphic terranes, 
(active landslides, toe zones, inner gorges) avoidance with roads is often the best strategy. 

I 
The study conducted by Ledwith and others' (1 998) in the Lake ~ouh ta in  area found that 40% of 
stream crossing failures were caused by sediment slugs, 22% by debris flows, 14% by hydraulic 
exceedence, and 10% by plugging with woody debris. They also found that a large proportion of 
culverts inventoried are designed'for 25 year or smaller recurrence interval flows. These findings 
point out the importance of maintenance, and the need to inventory for upgrading crossings as the 
opportunity arises. 

Some of the 1997 road-related landslides are obviously road-caused. such as where the landslide 
occurs entirely within a road fill, or where a large road cut undermines a slope and triggers a slump. 
For others, the link is more tenuous, such as when road cuts, fills, and drainage effects are small 
relative to the size of the landslide. There were many toe zone landslides and fill failures. 

Rock Pits, Waste Areas and Timber Landings 

These features behave similar to roads and involve the same types of features on the landscape (fills, 
cuts, and surface drainage features). However, they are often much larger. As a result, they can 



have significant effects on flood processes. Field investigations revealed that some wake areas and 
landings initiated slumps and debris flows. As a consequence of the flood, it was found that'there 
was a need for a large volume of rock (rip rap in particular) as well as areas to dispose of waste rock 
and soil. Landslides along Highway 96 during the 1997 flood and the 1998 landslide at Ti Bar 
caused an emergency need for suitable waste areas. Another emergency project, the capping of 
mining tailings from the Gray Eagle Mine in Indian Creek north of Happy Camp, created a demand 
for earth material. These periodic demands for waste disposal and borrow material with specific 
characteristics indicate a need for a Forest waste and borrow management strategy. 

2. EFFECTS OF TIMBER HARVEST AND SITE PREPARATION 

Effects of Vegetation Removal (Timber Harvest) 

Vegetation removal in itself affects slope and channel hydrology as well as soil properties, and to a 
minor degree, mass balance. Most of these effects increase landslide potential, but some reduce it. 
Key factors which can increase landslide potential include loss of root support, reduction in 
evapotranspiration, and changes in snow accumulation and melt rate. Further, removal of trees and 
logs affects debris flow behavior in channels and on hillslopes. Field observations suggest that 
logged high elevation sites had a snow cover at the time of landsliding, providing a smooth surface 
for movement of debris. The effects of deforestation are described fbrther in-theAppendix B Item 
VI. I 

Effects of Yarding, Mechanical Site Preparation, and Site 
Preparation Burning 

Timber yarding involves the transport of timber fiom hillslopes with tractors, cables, or helicopters 
to truck landing sites. Tractor yarding on steeper ground sometimes requires constructed skid trails 
which are essentially small roads. Cable yarding is usually less disturbing to the soil, but can created 
gouges when logs are not suspended above the ground. Site preparation involves preparing a site 
for planting by removing logging slash and brush. On gentler ground is done mechanically, that is, it 
is piled with tractors. In some cases terraces are constructed on hillslopes to facilitate conifer 
regeneration, and these also are essentially small roads. On steeper slopes, site preparation is 
usually accomplished by burning. These practices affect slope and channel hydrology as well as soil 
characteristics. Refer to Appendix B Itern VI for a description of these effects. 

Effects Assessment 

This assessment measured the distribution of I997 landslides, ERFO sites, and flood-altered channels 
in harvested land relative to undisturbed land. "Harvested" land includes all regeneration 
prescriptions such as clearcut and shelterwood. Less intense prescriptions such as thinning are 
treated as "undisturbed". Young harvest consists of areas logged in 1977 or more recently. Old 



Harvest indicates areas logged prior to 1977. Figure 11 shows thedensity and number oflandslides, 
ERFO sites, and altered channels on harvested land. Note that on Figure 11, individual landslides 
may show up in several disturbance categories. For example, a landslide within a road corridor 
which is also in a burned area and logged area is counted in all three categories "double counted". 
The assessment also utilized field observations of landslides on harvested lands. It is important to 
recognize that the mere presence of a landslide within a harvested area does not necessarily mean 
that it was caused by the logging. 

Active Landslides From Air Photo Inventory- A total of 275 landslides were identified on 
harvested land (37% of the total). Of these, 60 were'on old harvest @re-1977) and 2 15 on new 
harvest (Table 1, Appendix C.III.). The landslide density on undisturbed land, was 0.27. On 
harvested land as a whole, it was 1.86, while on young harvest (1977 or younger) it was 2.96, and 
on old harvest (prior to 1977) it was 0.80 Thus, landslide density on new harvest was 11 times the 
undisturbed rate (2.9610.27 = 11.0), and on old harvest, it was 3 times the undisturbed rate 
(0.8010.27 = 3.0). However, these figures include all of the landslides visible on air photos, and 
those near roads may well be road-caused. Discounting landslides within the road corridor and 
burned areas, there were, 99 landslides in harvested areas (13% of the total), with 25 in old harvest, 
and 74 on new harvest (Table 4). Landslide densities exclusive of road corridors and burned areas 
are: All harvest = 0.89; New harvest = 1.61; Old harvest = 0.39. Thus, the average for harvested ' 

land was 3.3 timks the undisturbed rate (0.89 10.27 = 3.3), for new harvest, it was 6 times the 
undisturbed rate, (1.61 I 0.27 = 6.0), and for old harvest, it was 1.4 times the undisturbed rate (0.39 1. 
0.27 = 1.4). A fbrther breakdown of landslides outside the road corridor (but including overlap 
with burned areas) by plantation age revealed the following landslide densities: (1) 30-40 years = 
0.45; (2) 20-30 years = 0.58; (3) 10-20 years = 0.95; (4) 0-10 years = 2.32. The fact that landslides 
are easier to map in open harvested versus timbered areas influences these results. See Figure 11 
and Tables 1-4 for additional information. 

ERFO Site Data- A total of 927 ERFO sites were evaluated (Table 2), and 227 of these occurred in 
harvested areas (24%). Of these, 96 were in old harvest units, and 13 1 in new harvest units. The 
density of ERFO sites (sites per square mile) on the west side of the forest was 0.37, within the 
photo study area it was 0.62. On undisturbed land (not harvested, not burned in high or moderate 
intensity fire).within the photo study area, it was 0.50. In harvested land on the west side of the 
Forest, it was 1.01 with little difference between new and old harvest (1.09 and 0.91 respectively). 
Thus, the density of ERFO sites in harvested areas (new and old) on the west side of the Forest was 
about 2 times the undisturbed land rate (1 .O1 I 0.5 = 2.02). See Table 2. Interpretation of these 
figures needs to take into account factors such as the fact that plantations are almost always accessed 
by roads, making roads more common there than in the rest of the landscape, and all ERFO sites are 
along roads. Thus, the high density is likely influenced by the road-related landslides in harvested 
areas. 

Altered Channel Data Fro111 Air Plloto Inventory- The average density (miles per square mile) of 
altered channels within the photo study area was 0.37. Altered channel data by harvest area lnay 
not be too useful since new harvest units typically exclude streams (buffers), making it unlikely that 



I streams and bebris flow tracks will overlap with young harvest units. Density was 0.28. in harvested 
areas (0,38 in young harvest, and 0.18 in old harvest), and 0.38 in non-harvested areas. Thus, the 
density iq harvested land was lower than in undisturbed land, or 0.7 times the rate in non-harvested I land (0.2810.38 = 0.7). 

Field Sampling- During the course of field sampling, many landslides were seen in harvest units, I including shallow soil mantle debris slides to deep slumps and earthflows. Manyof the large debris 
slides which generated debris flows originated on the toe zones of slump and earthflow deposits. 

1 Summary Fo; Harvest Effects- Harvested areas contined 37% of al* landslides identified on air 
photos (13% if road corridor landslides are excluded). The landslide density on harvested land was 
7 times the rate on undisturbed land (3 times if road comdor landslides are excluded). The rate for 
new harvest (1977 or younger) was 11 times the undisturbed rate (6 times if road comdor landslides 
are excluded). A total of 227 ERFO sites occurred on Harvested land (30% of the total), and ERFO 
sites were about 2 times more dense in harvested areas than on undisturbed land. Altered channels 
were less dense in harvested areas than in unharvested areas (the rate in harvested land was 0.7 times 
the undisturbed rate). 

3. EFFECTS OF FIRE 

The effects pf high and moderate intensity fire are similar those of regeneration timber haryest 
accompanied by site preparation burning of logging slash. Refer to the timber harvest section for ' 

filrther information on this topic. Table 1 individually tracks high, moderate and low intensity bum 
for fires dating back to 1977 (most of the burned areas in the study area burned in 1987). Table 4 
lumps high and moderate intensity as "burned", and low intensity as "unburned". Areas burned at 
low intensity are treated as unburned. The data on fire intensity is derived fiom the Fire Inte~isity 
Layer, which was developed by the Klamath Forest from photo-interpretation of post-fire air 
photos. High intensity is defined as an area where fire kills all above-ground vegetation (some 
species re-sprout from the roots after being burned) and also bums out the crowns of vegetation. 
Moderate intensity is defined as an area where fire kills all or most of the above ground vegetation, 
but the crowns remain unburned, and trees retain needles and leaves. Low intensity bum includes 
where fire killed only a small proportion of the vegetation. It is important to note that a brush field 
burned by a crown fire is classified the same as timber stand burned by a crown fire (high intensity). 
Obviously, the ground level temperatures in these two examples would be different. The primary 
differences between timber harvest and wild'fire are: (a) Wildfire usually does not involve any ground 
disturbance (unless caused by fire suppression activities); (b). Wildfire typically leaves large standing 
trees. Some areas which burned at high intensity in 1987 were re-burned at high intensity several 
years later in order to prepare the site for planting conifers. However, no data on the distribution of 
these prescribed burns were available at the time of this assessment. 

Effects Assessment 

This assessment examines the possible effects of fire on flood processes by measuring the 



distributio" of 1997 landslides, ERFO sites, and flood-altered channels in burned areas relative to 
undisturbed land. Figure 11 shows the density and number of landslides, ERFO sites, and altered 
channels on burned lands (data are from Table 4). Field observations of landslides and ERFO sites 
in burned ,areas were also utilized. It is important to recognize that the mere presence of a landslide 
within a burned area does not necessarily mean that it was caused by the fire. 

I '  a 

Active Landslides From Air Photo Inventory- A total of 429 (58% of the total) landslides 
mapped by photo inventory were within the fire perimeter (Table 1). Of these, 243 were in areas 
burned at high or moderate intensity, and 186 in low intensity. Landslide densities (landslides per 
square mile) were 2.03 in HighModerate intensity, 1.21 in low intensity, and 1.56 averaged in all 
intensities. This compares to a density of 0.27 for undisturbed land. Thus, landslide density in areas 
burned at high and moderate intensity was about 8 times the undisturbed rate (2.0310.27 = 7 .9 ,  and 
low intensity about 5 times the undisturbed rate (1.21 10.27 = 4.5). All the previous density figures 
include landslides in the road cqrridor. If these are removed from the totals, the density for lands 
burned at high and moderate intensity becomes 1.58 (data fiom Table 4), or about 6 times the 
undisturbed rate (1.5810.27 = 5.9). Granitic and landslide geomorphic terranes displayed a 
considerable increase in landslide density in comparing burned to unburned conditions. Burned 
granitic terrane displayed a density about 16 times (Table 4) the undisturbed rate (2.541.163 = 15.6) 
for that terrane. Landslide terrane burned at high or moderate intensity exhibited a rate about 9 
times the undisturbed rate (2.791.32 = 8.7). These figures do not include road corridor landslides. 
Interpretation of these figures needs to take into account factors such as the higher visibility of 
landslides'on air photos within burned areas than in the forested landscape. 

ERFO Site Data- A total of 146 ERFO sites (16% of the total) were identified in areas burned at 
high or moderate intensity. The average density of ERFO sites (sites per square mile) on the west 
side of the Forest (1.6 million acres) was 0.37, within the photo study area (0.77 million acres), it 
was 0.62. The density of ERFO sites on undisturbed land (not harvest, not high or moderate 
intensity fire) in the photo study area was 0.50. On burned land (high or moderate intensity) it was 
0.56. Thus, for lands burned in the 1987 fire, the density of high and medium intensity on the west 
side of the Forest is 0.79, and for high and moderate intensity burned land on the entire west side 
(including fires of 1977 and 1994), it is 0.56. Thus, the density of ERFO sites in lands burned in 
1987 was about 2 times the undisturbed rate (0.79 10.50 = 1.58) rate for the air photo area. The 
density for all fire is nearly identical to the unburned rate (0.56 / 0.50 = 1.1). See Table 2, Appendix 
B 1II.C. 

Altered Channel Data From Air Pl~oto Inventory- The average density (miles per square mile) of 
altered channels in the photo study area was 0.37. In non burned areas, it was 0.28, and 0.68 in 
burned areas (1.0 1 in low intensity burn, 0.25 in highlmoderate intensity burn). 
The density of altered channels in burned areas was 2.4 times the rate in undisturbed lands (0.6W0.28 
= 2.4). The rate in areas burned at highlmoderate intensity was actually lower than unburned areas 
(0.90 times the unburned rate (0.25/0.28 ='0.90). This could be due to the fact that much of the 
altered channels consisted of lower reaches, and fire often burns at lower intensity there (Map 9). 
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Results of Field Observations- Anecdotal information suggest that many of the large debris' slides 
occurred in areas which burned at high or moderate intensity in 1987 wildfires. Similar to harvested 
areas, the.mere presence of landslides in burned areas does not necessarily mean that the bum caused 
the landslide. 

Summary Assessment For Fire- Areas burned at high and moderate intensity had about 8 times the 
density of landslides as undisturbed land, but if road comdor landslides are removed, the rate was 6 
times the undisturbed rate. ERFO sites are about 2 titpes as dense or, areas burned at high or 
medium intensity in 1987, but if all fires since 1977 are considered the rate is only 1.1 times the 
undisturbed rate. Altered channels exhibited a density in burned lands (average for all intensities) 
which was 2.4 times that in undisturbed lands. The rate in areas burned at higwmoderate intensity 
was lower than that in undisturbed areas (0.9 times). 

D. INTEMCTIONS BETWEEN PHYSICAL AND HUlMAN 
FACTORS; VARIATIONS IN EFFECTS BY WATERSHED 

The patterns of landslides and altered channels evident on the landscape are assuredly the result of ' 

multiple interacthg factors such as antecedent moisture conditions, snowpack, local storm intensity, 
bedrock geology, geomorphology, slope gradient, elevation, and disturbances to the soil and 
vegetation such as by fire, timber harvest, and road construction. 

The highest landslide densities (landslides per square mile) were observed with certain combinations 
of physical factors and disturbances. For example, dormant landslide terrane at elevations from 
4,000-6,000 feet, and burned in wildfire at high or moderate intensity exhibited a density of 7.4 
(Table 4). In the Walker Creek watershdd, areas with this same combination of attributes had a 
landslide density of 13.4 (Table 7). In Tompkins Creek, it was 16.3 (Table 6), and in Elk Creek it 
was 1.3 (Table 5). Road corridors (within the entire air photo area) on landslide deposits at 
elevations of 4000-6000 feet exhibited a landslide density of 1 1.5 1. In Walker Creek, the density for 
these same attributes was 91.87 (Table 7; Map 17). However, as more vari,ables are considered, the 
sample size rapidly grows smaller, reducing the statistical validity of the results. 

Tables 5-7 (Appendix B Item I) contain landslide densities for Elk, Walker, and Tompkins by 
elevation zone, by geomorphic terrane, by disturbance class (roadlharvestlfire). The landslide 
density (landslides per square mile) within the road corridor by geomorphic terrane is as follows: 
Terrarie #I- Density-34.0, Number of Landslides-10; Terrane #2- Density-3.9, Number of 
Landslides-1 ; Terrane #3- Density-6.4, Number of Landslides-55; Terrane #4- Density-20.4, 
Number of Landslides-3; Terrane #5- Density-13.4, Number of Landslides-29; Terrane #6- 
Density- 10.3, Number of Landslides-9; Terrane #8- Density-4.7, Number of Landslides-42; 
Tel.rane #9-, Density-8.2, Number of Landslides-6; Terrane #lo- Density-25.2, Number of 
Landslides- 10; Terrane #11- Density-12.3, Number of Landslides-1 6; Terrane #12- Density-0, 
Number of Landslides-0; Terrane #13- Density-0.8, Number of Landslides-1 (Table 4). Clearly, 



1 roads on previously active landslides (#I), steep granitic lands (#4), and granitic inner gorges (#lo) 
have the highest density of landslides. The previous figures are for the photo study area. 

1 Map 10 demonstrates how landslide terrane was a primary source for 1997 landslides and debris 
flows in Walker, Tompkins, Grider, Deep, and Kelsey Creeks. However, few landslides or ERFO 
sites are visible in granitic terrane (plutons) in these watersheds. Map 11 shows 1997 landslides and 1 ERFO sites similarly concentrated in landslide terrane in Thompson, and Indian Creeks. 
Concentrations are also evident in granitic terrane in the East Fork of Indian Creek. Map 12 shows 
many landslides, ERFO sites, and altered channels in the granitic terrane of McCash, Independence, I Titus, and the lower reaches of Elk Creek, near its confluence with Bear Creek. 



V. CONCLUSIONS:, PHASE I 
Summary conclusions are presented first, followed by specific topics, and general conclusions last. 
Additional rationale for conclusions is provided for some of the conclusions in Appendix B item VI 
under the same headings. 

Summary 

Tiiree primary conclusions are drawn, all of which have direct implications to hture management 
of the Klamath National Forest. These are: (1) Sensitive Lands- Certain land types displayed 
particularly high landslide and debris flow rates under flood conditions; (2) Roads- Of the typical 
forest management practices, roads exhibited the largest directly observable effects on flood 
processes; (3) De-vegetation- Widespread de-vegetation of some watersheds by a combination of 
wildfire and timber harvest was associated with high rates of landslides and debris flows, particularly 
when it occured on sensitive land types. 

Tliese three condusions point toward changing some past management practices and keeping 
(reinforcing) others (Adaptive Management). This report offers recommendations which will 
greatly reduce the cost of repairing roads in fhture floods, and also greatly reduce the adverse 
watershed'effects caused by forest management. Many of these practices are already in effect, and 
fill1 application is recommended. 

1. Sensitive Lands- A disproportionate number of landslides and damaged road sites occurred on 
certain geomorphic' terranes: previously active landslides; inner gorges, portions'of older landslide 
deposits, particularly toe zones; and dissected granitic terrane. This pattern affirms the classification 
of much of this land as Riparian Reserve due to its instability. Adaptive Management practices 
whi,ch would address this issue include accurately delineating sensitive lands (a subset of Riparian 
Reserves), developing desired conditions for these lands, and managing toward these desired 
conditions. 

2. Roads- Roads experienced a disproportionate number of landslides, particularly on previously 
active landslides, inner gorge slopes, and on older landslide deposits. About 60% of ERFO sites 
(those qualifying for Emergency Relief, Federally Owned hnding) involved stream crossings or 
where the road was near a stream. Road-related landslides contributed to overall flood effects. 
Failii~.e of road fills was a common problem. The technology exists to greatly reduce the adverse 
effects of roads in future floods. Adaptive Management practices to accomplish this include 
continuing and improving on a concerted program for fixing ERFO sites in a way which reduces the 
risk of failure in future storms (see Appendix C Guidelines, attached) and inventorying problem 
roads in order to prioritize upgrading, decommissioning, and maintenance in a way which rnaxi~nizes 
watershed benefits. 



3. De-vegetated Areas- Harvested or burned areas experienced a high density of landslides,, and 
were the sites of origin of many large debris slides and debris flows, particularly on sensitive 
geomorphic terranes. Adaptive Management practices which would address this issue include 
conducting timber management, fire suppression, and prescribed fire in a way which emphasizes 
keeping vegetation on sensitive lands. 

Precipitation and Stream Flow 

4. Magnitude of the 1997 Flood- The 1997 Flood was a significant event, similar to the flood of 
1974. However, its effects were much less severe and less widespread than the flood of 1964, 
which is the largest on record in this area. 
5. Cells of Intense Precipitation- Local cells of intense precipitation probably developed and had a 
strong influence on the concentration of flood effects in localized areas. However, evidence 
supporting this conclusion is limited. Further investigation of doppler radar data may yield usefbl 
information. 

Roads, Landings, Rock Pits & Waste Areas 

6. The Effect of Roads on Landslide Rates- Roads obviously had a large effect on flood processes. 
About 25% of all landslides identified on air photos (1 82) occurred in the road corridor, and the 
landslide density (landslides per square mile) in road corridors was about 27 times that on a 

undisturbed land. However. this association does not confirm causeleffect relationships, since 
densities were derived by a GIs query which identified all landslides within a certain distance of a 
road, and systematic field-based assessments of causes were not conducted in Phase I. 
7. Contribution of Road-Related Landslides to Total Sediment- Information is not presently 
available to quantifjl the actual sediment volume, nor the length of channel altered by road-related 
landslides. This will be addressed in the Phase I1 flood assessment. 
8. Interactions Between Roads and Flood Processes- Some clear patterns were identified 
regarding the effects of the three road components (fills, cuts, and surface drainage) on flood 
processes. Roads had considerable effects on channel and hillslope hydrology, soil properties, and 
mass balance. Fills and sidecast are very important, and they are usually controllable. These 
effects were expressed in different ways in different geomorphic settings. Roads interacted most 
with flood processes in the vicinity of streams, on older landslide deposits, and on steep 
mountain slopes (road fill failures). Where multiple roads crossed the same liillslope, they often 
interacted hydrologically (water concentrated by an upper road affecting a road downslope), 
producing cumulative effects. Many culverts failed and a large proportion were found to be sized 
for storms with recurrence intervals of less than 25 years. This emphasizes the importance of 
maintenance, and inventorying of potential road problems. Laser generated DEMs show promise in 
better mapping potential problems such as unstable fills and stream crossings. 
9. Mitigation of Road Effects- Relatively simple and effective mitigation measures were identified 
as part of this assessment which can remedy many of the adverse effects of roads on flood processes. 
However, in some settings, avoidance of the site is the only effective mitigation. These mitigation 



measures are contained in Appendix C of this report, "Road Guidelines". 
10. Rock Pits, Landings, and Waste Areas- Rock pits and waste areas often involve very large 
cuts and fills (up to several hundred thousand cubic yards) and have the potential to destabilize 
hillslopes.and alter drainage patterns. The large fills associated with landings and waste areas 
initiated a number of landslides. The flood of 1997 created a need for large volumes of rock and 
earth material as well as for waste areas to dispose of landslide debris. This is a long term issue, 
with demand for rock peaking during landslide events such as in 1997, and associated with large 
individual landslides such as the Sisters Landslide and Ti Bar Landslides on Highway 96 between 
Happy Camp and Somes Bar. 

Timber Harvest and Fire 

11. The Effect of Timber Harvest and Fire on Landslide Rates- De-vegetated areas (logged 
areas or areas burned at high to moderate intensity) experienced landslides at a rate 6 times that of 
undisturbed land (exclusive of landslides in road corridors). This association strongly suggests that 
de-vegetation increased landslide potential, but does not establish a causeleffect relationship. Field 
observations of higher elevation clearcuts suggested that the smooth, snow-covered surface of the 
logged areas facilitated the movement of debris flows across gentle topography. Landslides in 
logged and burned areas were concentrated on toe zones and colluvium filled hollows. Laser 
generated DlZM&-&ow promise to better identitjl these features. 
12. Contribution of Landslides Originating in De-vegetated Areas to Total Sediment- 
Information is not presently available to quantifjl the actual sediment volume originating in de- 
vegetated areas. 

Flood Processes and Effects Patterns 

13. Toe Zones in Headwater Areas as Primary Debris Flow Initiation Sites- Landslides 
originating on toe zones high in steep watersheds generated many large debris flows. These debris 
flows mobilized channel bed material, and had very large effects on downstream channels. Shallow 
debris slides in colluvium-filled hollows in headwaters also generated debris flows, but usually 
smaller than those from toe zones. In several cases, debris flows from toe zones were able to cross 
low gradient flats before reaching well-defined high gradient channels. 
14. Predicting Landslide Sites- Many of the 1997 landslides occurred in areas with well-defined 
landslide features, such as on toe zones with well-fined slope breaks or on steep swales with clearly 
defined boundaries which would have identifiable as having a high landslide potential prior to the 
flood. However, some occurred in areas where evidence of previous landsliding was subtle, and 
poorly-defined, and it would have been difficult to have predicted a landslide of the magnitude which 
occurred at the site in 1997. Examples of debris slides in poorly defined swales were observed at 
McCash and Deep Creeks where debris slides occurred on 55% slopes. Similarly, subtle slump 
features were reactivated in Tornpkins and Grider Creeks. 
15. Variations in Effect Patterns by Watershed- Damage in some watersheds was dominated by 
road-related landsliding, while in others, the primary channel alteration was initiated by landslides in 
burned or undisturbed areas (Table 5 Appendix B). 



Effects of the Flood on Fish Habitat 

16. Channel Characteristics- Channels with the greatest flood effects exhibited considerable 
shallowing, filling of pools, widening of the channel, and increase in finer substrate particles.. These 
streams lost all fish eggs pesent in the channel in January, and the associated fish. 
17. Temperature- Channel widening, shallowing, and loss of riparian vegetation led to summer 
water temperatures increases in Elk Creek, and possibiy other affected streams. systematic analysis 
of temperature changes on other streams is needed. 

Physical Factors & Interactions Influencing the Flood 

18. Flood Effects and Interactions- There is a strong correlation between the distribution of flood 
effects (landsliding and road damage sites) and physical attributes of the landscape. This was 
particularly true with geomorphic terrane, and elevation, and to a lesser degree with slope, and 
aspect. 
19. Combinations of Factors- Pre-flood disturbance to the soil and vegetation (roads, harvest, fire) 
exerted considerable influence on flood effects. Areas of concentrated de-vegetation and roads 
likely experienced cumulative effects, or the, results of multiple individual effects that accumulated ' 

over time and space. 
-2O;TIiresliold Conditions- Field observations revealed that all types of landslides (shallow debris 

slides, deep-seated slutnps and earthflows and debris slides on road fills) occurred together in 
watersheds like Walker and Tompkins Creeks. This suggests that high groundwater conditions were 
attained at a variety of depths. 

General 

21. Limitations of This Assessment- This assessment compares landslide density (landslides per 
square mile) in undisturbed areas to those in roaded, logged. and burned areas. It does not quantify 
the effects of landslides originating on the different lands, nor does it establish causeleffect 
relationships. 
22. Extrapolation of Findings to Other Areas- Findings regarding the effects of roads on landslide 
and erosion processes have widespread application to the entire Klatnath Mountains Province, and to 
the Pacific Northwest. However, findings regarding the effects of geologic and physiographic 
factors on landslides and erosion have more limited application. 
23. Opportunities- Opportunities exist to learn from the 1997 flood, fix damages to roads in a way 
that they will be much more likely to survive future floods. This same information can be applied to 
new roads and decommissioning opportunities as well as to vegetation management.. Other 
opportunities include: conducting joint flood research with other agencies and organizations. 
establish~nent of high elevation precipitation gages, and maintenance or increasing the number of 
stream gages. 



24. Data Sources- Small scale air photos and damage site repork for individual ERFO sites 
constitute some of the best and most efficient data for assessing effects of a flood such as this one. 
25. Future Flood Effects- Future floods are likely to display the same patterns of concentrated 

I 
landsliding in road comdors and de-vegetated areas as presented here. Similarly, steamside areas as 
well as certain geomorphic terranes such as inner gorges, landslide deposits, toe zones, and dissected 
granitic terrane are likely to experience a large proportion of the effects. However, it is very likely 

I 
that the elevation zones and possibly slope aspects experiencing the most effects will vary by storm 
in the hture as they have in the past. 
26. How We Can Influence Effects of Future Floods- The pattern of concentrated flood effects 

I 
and damage to roads could be significantly altered in hture storms if: (a) The road guidelines being 
recommended in this report (Appendix C) are applied to ERFO fixes and also to new roads, road I 
upgrading, decommissioning, and maintenance; (b) Vegetation management guidelines recommended 
here are applied. I 



VI. RECOMMENDATIONS 
Recommendations are offered under the same headings as used in the Conclusions section. 

Summary 

1. Sensitive Lands- (a) Identify and delineate sensitive lands (Riparian Reserves) at the watershed 
(during Watershed Analysis) and site levels (when projects are done). Utilize sound proven tools 
such as topographic maps, 30 meter digital elevation models @EM), air photos, and field 
investigations as well as new developments such as high resolution laser-generated DEM's; 
(b) Develop vegetative and soil objectives for Riparian Reserve lands; (c) Manage Riparian 
Reserves toward obtaining the stated objectives. 

2. Roads- (a) Repair ERFO sites in accordance with guidelines in Appendix C of this report; (b) 
Decommission high risk, un-needed roads; (c) Focus road maintenance where most needed to 
prevent watershed damage, and with attention to repairing road drainage and diversion problems; ('d) 
Avoid unstable lands when new roads are constructed, and utilize state of the art geotechnical 
techniques in landslide terrane and at stream-emssings; (e) Place special attention on constructing 
stable fills, whether for ERFO repair, new roads, waste areas, landings, etc.; (f) Initiate a process for 
inventorying high risk road segments and sites; (g) Prioritize road repair, upgrading, maintenance, 

' 

and decommissioning projects on a watershed basis to maximize the benefit to aquatic resources; (h) 
Seek fbnding from lnultiple sources. 

3. Vegetation Management- (a) Assure that timber harvest avoids unstable lands and other 
Riparian Reserves by utilizing skilled technical personnel during field layout; (b)'In combating 
wildfire, employ strategies to minimize the amount of high and moderate inte,nsity fire on Riparian 
Reserves; (c) Design prescribed fire to avoid high and moderate intensity fire on Riparian Reserves. 

Precipitation and Streamflow 

4. Doppler Radar- Continue Doppler Radar investigation to see if areas of higher precipitation can I be identified. 
5. Stream Gages- Continue or add stream gages to the existing network.. 
6 .  Precipitation Gages- Establish high elevation precipitation gages in cooperation with other 

I agencies and Forest Service Functions (fire). We need such gages to understand how intensities 
influence flood effects. 
7. Map of Peak Flood Levels- Prepare a simple map and photographs showing maximum water I levels which occurred during the 1997 flood on the Klamath River and some major tributaries. 



Roads, Landings, Rock Pits, and Waste Areas 

The Forest Watershed & Fisheries and Engineering groups are developing guidelines and 
recommended management practices for: (1) Road decommissioning; (2) Inventorying potential 
sedimentation problems on roads and prioritizing them for repair; (3) These efforts, along with the 

I 
ERFO repair guidelines developed by the Phase I flood assessment and presented here (Appendix 
C) will provide sound guidance for minimizing road-related watershed problems on the Forest in the 
hture. The guidance from these three sources will need to be thoroughly integrated, and updated as 

I 
new information and mitigation measures become available. I 
8. Appendix C Guidelines- Apply Road Guidelines (Appendix C, this report) to all ERFO repairs 
and to future road construction, decommissioning, and maintenance. Combine these guidelines with 
those being developed for decommissioning projects and inventory of potential road erosion sites. A 
brief summary of ~ p p e n d i x  C Guidelines follows: 

APPENDIX C: SUMMARY 

(a) General Recommendations- 
In repairing damaged roads: (1) Maintain or improve the stability of the site. Avoid actions which. 
destabilize the site or increase the potential for adverse watershed effects; (2) Address ,all important 
factors which contributed to the failure; (3) Consider relocation or abandonment as an option on all 
sites in unstable areas or other types of Riparian Reserve. In most situations, avoidance of unstable 
areas is the best policy. 

(b) Recommendations for Road Components (Fills, Cuts, Surface Drainage)- 
( 1 )  Road Fills- Assess foundation stability, and design and construct strong, stable fills, including 
reinforcement and drainage as appropriate; armor fills subject to overtopping. Minimize fill size, and 
also, the fine particle component of the fill which is susceptible to erosion. Avoid sidecasting on 
steep slopes where the potential for slope failure of sedimentation exists. 
(2) Road Cuts- Stabilize road cuts (buttress or horizontal drains) which are prone to failure and 
consequences of failure are high. 
(3) Road Surface Drainage- Outslope roads and eliminate inside road ditches unless a site specific 
need for a ditch is identified. Install positive dips and water bars on long, uninterrupted road 
segments with multiple cross drains to prevent failure of road ditches along in-sloped roads. Prevent 
stream diversions. 
(4) Cumulative Effects- Reduce road density (decommissioning) in areas where multiple roads 
cross hillslopes and interact hydrologically. 

(c) Recommendations for Specific Geomorphic Settings- 
( 1 )  Stream Environment- ( 1 )  Minimize the number of road stream crossings (particularly multiple 

crossings on the same stream) and length of road on floodplains or paralleling streams. (2) At 
stream crossings, maintain the natural channel geometry (horizontal and vertical) within road design 



constraints. Size culverts for 100 year events. (3) Design crossings to accommodate 100 year 
flows and debris flows. In the event of debris flows, they should: (a) Survive overtopping Githout 
failing catastrophically; (b) Minimize the contribution of fine sediment to the stream; (c) Avoid 
causing stream diversions; (d) Minimize the volume of sediment which would be trapped upstream of 
the crossing if the culvert fails; (4) Roads paralleling streams should minimize constrictions to the 
channel and facilitate natural floodplain inundation. (5) Roads susceptible to stream undercut should 
be armored. 
(2) Landslide Deposits- Minimize the length of roads in this environment, particularly on active 
portions and toe zones. Roads in landslide deposits should maintain favorable mass balance 
(fostering stability of the slope), avoid placing fills on heads of slumps, avoid cuts on toe zones. 
They should also maintain natural drainage patterns, and avoid diverting off-site water to unstable 
parts of the landslide. 
(3) Steep Mountain Slopes- Minimize the number and size of fills, on steep mountain slopes 
particularly those on sandy soils in topographic swales with evidence of groundwater. Where 
avoidance is not possible, make the design responsive to site conditions, including compaction, 
reinforcement, subsurface drainage. Avoid sidecasting. Minimize high road cuts into areas with 
unconsolidated deposits, evidence of shallow groundwater, or adverse structural features in bedrock. 
Where avoidance is not possible, cuts should be buttressed or drained as appropriate. This is 
particularly true where failures could deliver sediment to streams, or obstruct road surface drainage. 

9. Future Road Management (New Construction or Upgrading, Decommissioning, 
Maintenance, Prioritizing for Restoration)- The following recom~nendations should besapplied to 
fiture management of the road system. 

(a) New Construction- Avoid unstable areas as the preferred mitigation measure. Ridge top 
settings are generally most stable. Where this is not possible, apply state of the art geotechnical 
techniques to assure that the road does increase the risk of landsliding. 
(b) Decommissioning- Use decommissioning as a tool to remove those roads with little utility to the 
transportation system and with the greatest potential for adverse watershed effects, both at the site 
specific level, and in terms of cumulative effects. 
(c) Maintenance and Upgrading- Since many ERFO sites were associated with culvert failure, 
maintenance of these structures is essential Maintenance and upgrading should be focused in areas 
with the following characteristics: (1) Roads with the greatest need as part of the transportation 
network; (2) Roads posing the highest environmental risk in high value watersheds; (3) Roads with 
problems which are known or can be easily located; (4) Roads with problems which are fixable and 
with a high codbenefit ratio. Corrective measures with the highest likelihood of success include 
reducing the risk of fill failures by reinforcing and draining them, reducing the risk of stream 
diversions at road stream crossings by lowering fill height, dips in the road etc., reducing the risk of 
culverts clogging by modi@ing the collecting basin, reducing the risk of long road ditches diverting 
and concentrating water by installing prominent dips, and reducing the risk concentrated surface 
runoff by outsloping. 
(d) Inventory For Restoration Sites- Inventory should be focused in areas with the same 
characteristics as those described above under Maintenance and Upgrading (item c, above). Recent 



work on the Klamath National Forest (Ledwith and others, 1998) revealed that while it was not 
possible to predict which stream crossings were going to fail in 1997, it was possible to accurately 
predict consequences of such failures. This argues that we inventory fills and landings with the 
greatest potential for adverse effects (such as affecting multiple road crossings downslope), identifjl 
undersized culverts, and prioritize for repair. A good example of such an inventory project is: 
RoadIStream crossing Inventory & Risk Assessment, Klamath National Forest, November 5, 
1998, a contract proposal submitted by the Klamath National Fores to the California Department of 
Fish and Game. 

10. Rock Pits & Waste Areas- Develop a Forest inventory of rock pits in particular, identifjling rip 
rap sources. IdentifL (Interdisciplinary Team) potential waste areas in the Happy Catnp to Somes 
Bar corridor of the Klamath River, adjacent to Highway 96. A process is underway, but needs to be 
completed. Inventory landings with potential to generate landslides. Conduct geologic 
investigations, including stability analyses as needed for rock pits arid waste areas, attaining favorable 
mass balance, and drainage configurations. Design final configuration of the slope and re-vegetate as 
appropriate. 

Timber Harvest & Other Vegetation Management 

I I .  Vegetatiori Management- In Riparian Reserves, develop a'nd apply vegetation management 
objectives and guidelines for unstable lands and other types of Riparian Reserve. Oi~tside of 
Riparian Reserves, apply the following vegetation management guidelines: Avoid regenefation , 

harvesting and intense site preparation fire on landslide deposits and granitic terrane over large 
contiguous drainage areas. This can be accomplished by utilizing skilled earth scientists during 
layout. Avoid denuding discrete swales which may be prone to debris slides in granitic terrane. 
Avoid de-vegetation of large contiguous area of landslide deposits, particularly within the same local 
hydrologic catchment. Maintain down logs to interact with fbture debris flows, in balance with 
desired fhel loading. Review pre-existing timber sales and find whether trees are marked within 
Riparian Reserves associated with landslides and altered channels associated with the 1997 flood. 
Use this process to refine Riparian Reserve mapping. 

Fire & Fuel Management- 

12. Fire Suppression & Fuel Management- During fire suppression of wildfire, take aggressive 
steps to prevknt high and moderate intensity fire in landslide deposits, dissected granitic terrane, 
inner gorge, and other unstable land. Apply watershed skills in the Resource.Advisor role during 
si~ppression. During prescribed burns, prevent high and moderate intensity fire on landslide deposits 
and toe zones and dissected granitic lands (particularlythe swales) by appropriate mitigation 
~neasures such as pre-burning or hand pilink he1 accumulations in these areas. This requires some 
field delineation of unstable lands such as toe zones and dissected granitic lands where there is a high 
risk of intense prescribed fire. Apply vegetation management guidelines developed for Riparian 
Reserves. 



Fish Habitat 

13. Fish Habitat Improvement Structures- Systematically assess the response of fish habitat I improvement structures to the flood of 1997, and develop recommendations for future placement, 
maintenance, and monitoring as appropriate. Recommendations on monitoring of temperature and 

I channel conditions are found below under "Monitoring7'. 

Phase I1 Flood Assessment 

Incorporate the following items into the Phase I1 Flood assessment: 

1 14. ~ a u s e k e c t ,  Geomorphic Mapping, Cooperation- Determine which landslides are actually 
road-caused by detailed investigation in sample watersheds. Refine geomorphic mapping and digital 
elevation data. Coordinate with adjacent Forests in Phase I1 of the flood assessment in order to I develop adaptive management recommendations which apply Province-wide. 
15. Sediment Volumes- Determine the proportion of sediment which originates in, harvested areas, 
burned areas, and undisturbed areas, how much is road-related in some sample watersheds, and how I much large wood was delivered. 

I 
16. ERFO Site Damage Site Reports- Strati@ all the remaining ERFO Damage Site Reports by 
type, contributing factors and effects. 
17. Sediment Model- Test the Klamath Forest Landslide Sediment Model. 

I 
18. Develop a Strategy for Future Floods- Set up a framework for addressing future floods which 
would include cooperation with adjacent forests. Develop a Damage Site Report form which would 
incorporate information allowing queries about cause/effect, sediment volumes etc., and could be 

I 
applied across Forest boundaries. This would require standardized terminology. 
19. Use of Laser DEM as a Tool to Delineate Riparian Reserves- Evaluate the utility of using 
high resolution laser-generated DEM's to delineate Riparian Reserves, particularly toe zones and 

I colluviurn filled hollows.. 

Research 

I 20. Cooperation- Cooperate with USGS and PSW (Riverside Fire Sciences Lab) on fire research 
and seek hnding for joint projects. Cooperate with University of California Berkeley, Region Five 

I (Pleasant Hill Engineering Center) and PSW (Redwood Sciences Laborato~y) on Sediment Routing 
(Walker Creek), and refinement of toe zone and dissected granitic terrane mapping. 

Monitoring 

21. ERFO Sites- Design and implement a monitoring plan (coordinated with on-going BMP I monitoring) for ERFO repair addressing: Design; Implementation (Appendix C Road Guidelines); 
Effectiveness. Monitoring should address success in making the road system resistant to hture 
storms, and success in minimizing adverse watershed effects. Also, success of landslide stabilization 



measures 
22. Decommissioning- Design and implement a monitoring plan to address decommissioni~g 
progress and success in response to fbture storms. 
23. Channel Recovery- Design and implement a monitoring plan on the Forest to address stream 
channel and habitat evolution. Re-run profiles in Indian, Canyon, Tompkins, Walker, and Grider 
Creeks. 
24. Fish Assemblages- Continue implementation of a plan to address post-flood fish assemblage 
response. 
25. Temperature- Systematically collect and analyze existing temperature data for critical streams. 
Continue to monitor stream temperature as channels re-vegetate, particularly in Elk, Indian, 
Tompkins, Upper South Fork Salmon River. 
26. Re-vegetation- Monitor rate and character of natural re-vegetation with photo points. 

VII. CONTRIBUTIONS FROM OTHERS; 
REMOTE SENSING DATA 

A. CONTRIBUTIONS FROM OTHERS 

The following individuals contributed to this report. The nature of their involvement is described in , 

Appendix A (Methods: Contributions From Others). 

Klamath National Forest- Richard Ashe, Ken Baldwin, Bill Bemis, Jim Blanchard, Larry 
Brahmsteadt, Nels Brownell, Rick Claypole, Cal Conklin, Juan de la Fuente, Jim Davis, Orion Dix, 
Don Elder, Pat Garrahan, Brent Greenhalgh, Jon Grunbaum, Polly Haessig, Bob Jester, Jim Kilgore, 
Jim McGinnis, Dave Jones, A1 Olson, Brenda Olson, Jim Kilgore, Sharon Koorda, Tom Laurent, 
Dave Payne, Jay Power, Ed Rose, Harry Sampson, William Snavely, Allen Tanner, Richard Van de 
Water, Roberta Van de Water, Bob Varga, Gene Virtue., 

Geoteclinical and Civil Engineers US Forest Service Region 5- Bill Huff, Pleasant Hill 
Engineering Center, Ken Inoye, Pleasant Hill Engineering Center, Gordon Keller. Plumas National 
Forest, Jim Mckean, Pleasant Hill Engineering Center, Richard Wisehart, Stanislaus National Forest, 
Richard Harris, Regional Office Engineering. 

Geologists and Hydrologists on Adjacent National Forests- Steve Bachman, hydrologist, Shasta 
Trinity National Forest; Bob Faust, hydrologist, Mendocino National Forest; Abel Jasso, geologist, 
Shasta Trinity National Forest; Cindy Ricks, geologist Siskiyou National Forest; Randy Sharp, 
geologist, Modoc National Forest; Sue Becker, Hydrologist, Modoc National Forest, Dan Sitton, 
geologist, Rogue River National Forest; Mark Smith, geologist, Six Rivers National Forest; Paul 
Uncapher, geologist, Umpqua National Forest. 

US Fish and Wildlife Service- Mark Maghini, widlife biologist, US Fish and Wildlife Service, 



Yreka, California; Tom Reed, wildlife biologist, US Fish and Wildlife Service, ~ r e k a ,  ~alifornia. 

Klamath Province Advisory Committee- Pat Higgins: Fisheries Resource Advocate, Klamath 
Province Advisory Committee. 

B. VIDEO TAPES 

The following video tapes were taken by Klamath Forest employees during and after the flood 
of 1997. 

1-3-97: Fixed Wing Aircraft. Richard Ashe, Dennis Brown, ------------ (Pilot). Flight of west side 
of Klamath National Forest focusing on damage to roads and structures. There may also be footage 
for a January 6 flight. 
2-1 0-97: (Approximate Date) Helicopter. Carl Varak, ------------ , --------------- (pilot). Flight of 
west side of Oak Knoll District, Seiad, Hoi-se, Beaver Creek Drainages, and some of Walker Creek. 
2-14-97: Fixed Wing Aircraft. Juan de la Fuente and AI Olson (Pilot). Flight of Beaver, Horse, 
Portuguese, Thompson, Elk, Tompkins, Kelsey, and Deep Creeks. 
3-4-97: Fixed Wing Aircraft. Juan de la Fuente, Polly Haessig, Cal Conklin, Terry Weathers (Pilot). 
Flight over Walker, Grider, Thompson, Elk, Canyon, Deep, and Isinglass Creeks. 
9-4-97: Fixed Wing Aircraft. Juan de la Fuente, Don Elder, AI Olson, Richard Frank (Pilot). Flight 
over Canyon, Elk, Klamath River and Whitney Creek (Mt. Shasta). 
.lanoa~y, 1997: Video coverage of the flood at Horse Creek by Rick Claypole. 
Spring, 1997: Post-flood video coverage of the Elk Creek trail to Granite Creek by Pat Garrahan. 
1-7-98: Video coverage along Highway 96, Elk Creek, and Indian Creek by Juan de la Fuente. 

C. AIR PHOTOS 

The following air photos were acquired as part of this project: 

1:40,000 CIR - May 7, 1997 covering .771,000 acres West Side of Klamath National Forest 
1 :6,000 Color - October 23, 1997 along Ukonom, Elk, Indian, and Portuguese Creeks 
1 :3,000 Color - October 1997 along Grider and Walker Crceks 
1 : 10,000 Color - October 20, 1997 the area around Lake Mountain 
1 :24,000 CIR - October 20, 1997 along the Upper Soilth Fork Salmon River 
1 :3,000 Color - Spring 1998 along Grider and Walker Creeks 

D. DOPPLER RADAR 

U.S. Weather Bureau Data taken during the 1997 Flood. This information was not available for the 
Pliase I assessment. It  is currently being evaluated as part of Phase 11. 



E. LASER GENERATED DIGITAL ELEVATION DATA , 

1998 Collected in August, 1998 For Walker Creek. Not available for Phase I Investigation. 
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~hotos .# la  & lb: Debris Slide- Large debris slide (about 250 feet wide, 1000 feet long) 
oc'curred-in the Marble Mountain Wilderness in Granite Creek, a tributary to;Elk Creek, Happy 
Camp Ranger District. It is on the timbered wall of a U-shaped glaciated valley which had not 
beeraffected by the fires in 1987. The ensuing debris flow caused severe channel alteration for 
several miles downstream, and also formed log jams. Photo la is viewirig upslope, and lb 
downslope. Photo summer of 1997 by J.d.1.F. 



Photo #2: Debris Flow- View downstream of a debris flow track in the Tompkins Creek 
watershed, Scott River Ranger District. The debris flow rode up on the right bank of the channel 
at this point, plastering mud and debris about 100 vertical feet above the channel bottom. The 
large lone tree in the left center of the photo is a sugar pine, four feet in diameter. The top of this 
tree was snapped out by the impact of the debris. Photo by J.d.1.F. Spring, 1997 

Photo # 3: Slump- Large (about 1000 feet wide) activated slump in the Walker Creek watershed, 
above an abandoned portion of Road 46N6 1 A, Happy Camp Ranger District. The landslide does 
not appear to have been influenced by the road (the slip surface daylights a considerable distance 
above the road). However. it was burned by the fires of 1987, and was subsequently salvage 
logged. Photo by J.d.1.F. summer, 1997. 



Photos #4a (top) & 4b (bottom) Gully and Slump- Photo la is a view up a large gully (100 
feet wide, 50 feet deep) which was cut bya debris flow in the Walker Creek watershed, Happy 
Camp Ranger District. The debris flow was initiated by a debris slide on the toe of a larger 
slump/earthflow on Road 46N61. Photo 4b is another view of the gully (traversing photo from 
top left to lower right ). This photo also shows a 300 foot wide slump (white area in right center 
of photo) 'which was undercut by the gully. The horizontal line inkthe center of the photo is Road 
4 6 ~ 6 1 k  was taken out by the slump. These landslides ahd gullies delivered more than 
300,000 cubic yards of debris to Walker Creek. Photo by J.d.1.F. s u h e r ,  1997. 



Photo #5: Fill Failure- This fill failure is on Road 44N45 in the Canyon Creek Watershed, Scott 
River Ranger District. Failure was a result of fill saturation with some additional water 
contributed to the site by the inside road ditch. Photograph by Ed Rose, spring, 1997. This site 
was subsequently repaired with a retaining wall. 

Photo #6: Landslide- This slumplearthflow closed road 46N64 in the Walker Creek watershed, 
Happy Camp Ranger District. A cellular retaining wall (note corrugated metal) had been 
installed at this site several years before the 1997 flood. The entire area consists of the toe of a 
large old landslide deposit. Photo by J.d.1.F.. February, 1997. 



Photo #8: Stream Crossing Failure- This road stream crossing is on Road 15N75 in the Elk 
Creek Watershed (Doolittle tributary), Happy Camp Ranger District. Failure of the fill was 
caused by a debris flow which originated by a small fill failure on the same road where it crossed 
the head of the debris flow channel. Photo summer of 1997 by J.d.1.F. 



LANDSLIDES - RELATED TO THE 97 FLOOD summary. 123 11/12/98 

/"arean -=photo area for all] 

h 7 3  # Description # of slides acres slidestsqmi acres % tot b(k; n, p)* most likely b&; n, p)** 

active slides 
toe zpes 
dohiant sddes 
granitic lands [steep, %5%] 'z . 
@tic lands [slopes, <65%] .'- 

non-granitic lands [%5%] 
non-granitic lands [c65%] 
inner gqrge in uaconsolidakd 
irmergorgeiu&ticlands 
inner gorge in rum-granitics 
debris basins 

13 surficialdeposits[Qg,Qt,Ql 7 43,185 0.10 0.06 1 .OOO 40 0,000 
TOTALS 712 771,341 0.59 1 .OO 712 - 

'tel' Description # of slides acres slides/sqmi acres % tot b(k; n, p)* most likely b(k; n, p)** 

cd CondreyMountain 45 107,383 0.27 0.14 1.000 102 0.000 
PI PI- 186 154,170 0.77 0.20 0.000 147 1 .OOO 
rct Rattlesnake Creek 423 323,534 0.84 0.42 0.000 309 1.000 
sbt Sawyers Bar 25 61,291 0.26 0.08 1.000 5 8 0.000 

sbt?/sf? Sawyers Bar or Stuart Fork ? - 0 1,216 0.00 0.00 1 .OOO 1 0.3 13 
sf Stuart Fork 2 3,285 0.39 0.00 0.821 3 0.393 

wht Western H a y f i  39 59,837 0.42 0.08 0.996 57 0.006 
wj Western Jurassic 16 60,835 0.17 0.08 1.000 5 8 0.000 

TOTALS 736 771,551 0.61 1 .OO 73 6 

RIPARIAN RESERVE 
Description # of slides acre3 slidedsqmi 

Geologically defined b l 3 :  1,2,9,10,11] 202 1 16,705 1.11 
Hydrologically defined 158 

248 combined Mparian reserve by either11 
Total 737 3 3.6% = % of slides in riparian reserve 



ELEVATION 
Description # of slides acres slideslsqmi acres % tot b(k; n, p)* most Eely 

0 - 2,000' 29 107,266 0.17 0.14 1.000 102 
2,000' - 4,000' 274 373,989 0.47 0.48 1 .OOO 356 
4,000' - 6,000' 412 240,885 1.09 0.3 1 0.000 229 
> 6,000' 20 49,443 0.26 0.06 1.000 47 

TOTALS 735 771,583 0.61 1.00 735 

SLOPE 
Description # of slides acres slideslsqmi acres % tot b(k; n, p)* most likely 

> 65% 150 1241998 0.77 0.16 0.002. ' 119 
TOTALS 736 771,583 0.61 1 .OO 736 

ASPECT 
Description # of slides acres slides/sqmi acres % tot b(k; a p)* .most likely 

0 718- 0.00 0.00 1 .OOO 1 Flat 
North [3 10 - 70 degrees] 267 23 1,087 0.74 0.30 0.000 220 
East [70 - 130 degrees] 1 64 142,907 0.73 0.19 0.006 136 
South [I30 - 250 degrees] 207 265,756 0.50 0.34 1 .OOO 253 
West 1250 - 3 10 degrees] 97 131,114 0.47 6.17 0.998 125 

TOTALS 735 771,582 0.61 1.00 735 

* b(k;n,p) = probability density function for binomial distribution; probability of (at LEAST) 
Y successes in h' Bernoulli trials with probability [ 'p' ] of success for each trial 

** b(k;n,p) = probability density function for binomial distributim probability of (at MOST) 
'k' successes in 'n' Bernoulli tr'ials with probability [ 'p' ] of success for each trial 

OR = overstory removal 
NS = non-stocked 
SW = shelter wood 



ERF'O SITES - RELATED TO THE 97 FLOOD summary.123 11/12/98 

Geol3 # Description # of sites acres sites/sqmi acres % tot b(k; n, p)* most likely 

active slides 
toe mes 
dormant slides 
granitic lands [steep, >65%] 
granitic lands [slopes, <65%] 
non-granitic lands [>65%] 
non-granitic lands [<65%] 
inner gorge in unconsolidated 
inner gorge in granitic lands 
inner gorge in non-granitics 
debris basins 

13 surficial deposits [Qg, Qt, Q1 36 152,259 0.15 0.09 1.000 82 
TOTALS 92 1 1,708,757 0.34 1 .OO 92 1 

BEDROCK TERRANE /mea=westside] 
'ter' Description # of sites acres sites/sqmi acres %tot b(k; n, p)* most likely 

cd Condrey Mountain 109 107,383 0.65 0.07 0.000 62 
cm Central Metamorphic 11 4922 1 0.14 0.03 1 .OOO 28 
pl plutons 197 409,363 0.3 1 0.25 0.998 235 
rct Rattlesnake Creek 370 430,000 0.55 0.27 0.000 247 
sbt Sawyers Bar 73 344,4 16 0.14 0.2 1 1 .OOO 198 

sbt?/sf? Sawyers Bar or Stuart Fork ? 0 5,326 0.00 0.00 1 .OOO 3 
sf Stuart Fork 14 64,748 0.14 0.04 1 .OOO 37 
sur surficial deposits 6 1,579 2.43 0.00 0.000 1 

89 6.52 63 - wht Western Hayfork 109,554 0.07 0.001 
wj Western Jurassic 50 80,000 0.40 0.05 0.287 46. 
Yr Yreka 8 14,213 0.36 0.01 0.569 8 

TOTALS 927 1,615,803 0.37 1 .OO 927 



RIPAIUAN RESERVE [areawestside] 
Description # of sites acres sites/sqmi 

Geologically defined [geo 13: 1,2,9,10,11] 168 116,705 0.92 
Hydrologically defined 360 
Combined Wparian reserve by either11 - 401 

Total 939 42.7% = % of slides in riparian reserve 

FIRE [area=westside] 
Description # of sites acres sites/sqmi acres %tot b(k; n,p)* mostlikely 

1987 bum intensity 'hi' or 'med' 140 113,645 0.79 0.07 0.000 66 
Hog 

11 6 44,420 0.09 0.03 1 .OOO 26 
Dillon 19 0 7,160 0.00 0.00 1.000 4 
Specimen I' 0 3,134 0.00 0.00 1 .OOO 2 

Total 146 168,360 0.56 0.10 

HARVEST [area=westside] 
Description -# of sites acres sites/sqmi acres % tot b(k; n, p)* most likely 

Plantations older than 1977 96 67,3 17 0.91 0.04 0.000 39 
1977 & younger [includes OR, NS, SW 131 76,830 1.09 0.05 0.000 45 

TOTALS 227 144,147 1.01 0.09 

"UNDISTURBED" [area=photo area] 
Description # of sites acres siteslsqmi acres % tot b(k; n, p)** most likely 

Sites: [i] not within H or M fire bum 479 609,074 0.50 0.79 0.000 5 62- 
intensity, and [ii] not within old or 
young harvest areas (of 744 sites) 



ELEVATION [area=photo area] 
Description # of sites acres siteslsqmi acres % tot b(k; n, p)* most likely 

0 - 2,000' 97 107,266 0.58 0.14 0.767 103 
2,000' - 4,000' 462 373,989 0.79 0.48 0.000 361 
4,000' - 6,000' 185 240,885 0.49 0.3 1 1.000 232 
> 6,000' 0 49,443 0.00 0.06 1 .OOO 48 

TOTALS 744 771,583 0.62 744 

SLOPE [areqhoto area] - .  

Description # of sites acres sites/sqmi acres % tot b(k; n, p)* most likely 

0 - 20% 89 66,468 0.86 0.09 0.001 64 
20 - 40% 274 235,990 0.74 0.3 1 0.000 228 
40 - 65% 332 344,127 0.62 0.45 0.509 332 
> 65% 49 124,998 0.25 0.16 1 .OOO 121 

TOTALS 744 771,583 0.62 744 

Lul!ux [area=photo area] 
Description # of sites acres siteslsqmi acres % tot b(k; n, p)* most likely 

Flat 2 718 1.78- 0.00 0.151 1 
North [3 10 - 70 degrees] 23 8 23 1,087 0.66 0.30 0.085 220 
East [70 - 130 degrees] 168 142,907 0.75 0.19 . 0.002 136 
South [130-25Odegreesl 220 265,756 0.53 0.34 0.996 253 
West 1250 - 3 10 degrees] 116 131,114 0.57 0.17 0.826 125 

TOTALS 744 77 1,s 82 0.62 

* b(k;n,p) = probability density function for binomial distribution; probability of (at LEAST) 
V successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

** b(k;n,p) = probability density fundion for binomial distribution; probability of (at MOST) 
Y successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

OR = overstory removal 
NS = non-stocked 
SW = shelter wood 

TABLE 2 72 



TABLE3 
ALTERED CHANNELS - RELATED TO THE 97 F'LOOD l l l l U 9 8  

/"areat' --photo area for all] 

GE013 

I 
Geol3 # Description altend mi unaltered mi tOtd mi acres density* ,%altered I 

1 active slides 12.40 40.44 52.84 7,271 1.09 23.5% 
I 

2 toezones 1.69 7.13 8.82 6,204 0.17 19.2% 
3 dormant slides 23.05 220.96 244.01 182,429 0.08 9.4% 
4 granitic lands [steep, >65%] 2.73 0.97 3.70 21,411 0.08 73.8% 

I 
5 granitic lands [slopes, <65%] 8.71 47.01 55.72 80,270 0.07 15.6% 
6 non-granitic lands [>65%] 6.70 5.40 12.10 74,380 0.06 55.4% 
8 non-granitic lands [<65%] 20.48 127.52 148.00 245,171 0.05 13.8% 

I 
9 inner gorge in unconsolidated 85.72 519.77 605.49 26,502 2.07 14.2% 

. 10 inner gorge in granitic lands 106.87 267.62 374.49 22,240 3.08 28.5% 
1 1 inner gorge in non-granitics 162.97 992.54 1155.51 54,488 1.91 14.1% 

I 
12 debris basins 1.07 3.07 4.14 7,790 0.09 25.8% 
13 surficial deposits [Qg, Qt, Q1 13.85 101.43 115.28 43,185 0.21 12.0% 

TOTALS 446.24 2333.86 2780.10 771.341 0.37 16.1% 
I 

BEDROCK TERRANE 
'ter' Description altendmi unaltcrtdmi tOtdmi acres density* %altered 

I 
cd Condrey Mountain 30.40 374.86 405.26 107,383 0.18 7.56~ 
pl plutons 156.06 425.59 581.65 154,170 0.65 26.8% 

I 
rct Rattlesnake Creek 199.76 895.50 1095.26 323,534 0.40 18.2% 
sbt Sawyers Bar 23.00' 194.52 217.52 61,291 0.24, 10.6% ' 

sbt?/sf? Sawyers Bar or Stuart Fork ? 0.00 4.87 4.87 1,216 0.00 0.0% 
sf Stuart Fork 0.48 8.73 9.21 3,285 0.09 5.2% 

I 
wht Western Hayfork 20.19 196.51 216.70 59,837 0.22 9.3% 
wJ Western Jurassic 16.35 233.27 249.62 60,835 0.17 6.5% 

TOTALS 446.24 2,333.85 2,780.09 771,551 0.37 16.1% 

I 
I 

FIRE 
Description a l t d  mi unaltcrtd mi tOtd mi acres density* %altered 

I 

Burn intensity 'hi' or 'med' 30.40 374.86 405.26 76,692 0.25 7.5% 
Burn intensity 'low' 156.06 425.59 581.65 98,751 1.01 26.8% 

I 
Unburned 259.78 1533.40 1793.18 596,108 0.28 14.5% 

Wag, 87 Fi, Dillon, Specimen combined]] [note: 'acres' figures include al l  four fires1 
Totals within burned areas 186.46 800.45 986.91 175,443 0.68 18.9% 

I 
HARVEST 

Description altered mi unaltend mi acres density* %altered 

I 
1977 & younger [includes OR, NS, SW] 27.32 56.31 83.63 46,547 0.38 32.7% 
Plantations older than 1977 13.81 77.90 91.71 48,089 0.18 15.1% 

I 
Non-harvested areas 405.11 2199.64 2604.75 676,915 0.38 15.6% 

Totals within harvested areas 41.13 134.21 175.34 94,636 0.28 23.5% 



ELEVATION 
Description altered mi unaltered mi total mi acres density* %altered 

> 6,000' 3.06 52.93 55.99 49,443 0.04 5.5% 
TOTALS 446.27 2,333.62 2,779.89 771,583 0.37 16.1% 

SLOPE 
Description altered mi unaltered mi tot81 mi acres density* %altered 

> 65% 25.46 42.32 67.78 124,998 0.13 37.6% 
TOTALS 446.34 2333.90 2780.24 771,583 0.37 16.1% 

Note: slope class is NOT indicative of channel gradient, but reflects steepest side wall 

ASPEm 
Description altered mi unaltrred mi totd mi acres density* % albmd . 

Flat 
North [3 10 - 70 degrees] 
East [70 - 130 degrees] 
South [130-250degreesl 
West [250 - 3 10 degrees] 66.64 360.40 427.04 13 1,114 0.33 15.6% 

TOTALS 446.33 2333.83 2780.16 771,582 0.37 16.1% 

* density measured in 'altered miles' of channel per sq mile 



SLIDES MULTIPLE FACTORS 

Is Harv76 den N- den Is A- den Is ~ t n - b  den 
rtr] f-1 w-1 1-1 -1 wmuii rtr] . 

1 0-2000 
1 2000-4000 
1 40OOdOOO 
1 >6000 

Total 

X000 0.0 ERR 0.0 ERR 0.0 ERR 0.0 ERR 8.3 0.00 0 8.3 0.00 0.0 ERR 

65.7 0.00 
8 96.2 53.22 
2 26.2 48.85 

0.3 0.00 
10 188.4 3397 

Tdal 

0-2000 
20004000 
400(M000 
SO00 
Total 

0-2000 
2000-4000 
40oo-6000 
X000 
Total 

5 0-2000 
5 20004000 
5 40006000 
5 s o 0 0  

~ a t a l  

6 0-2000 
6 2000-4000 
6 40006000 
6 SO00 

Total 

2 113.1 11.32 
2 279.7 4.58 
7 242.8 18.45 

0.1 0.00 
11 635.7 11.07 

1 165.7 3.86 

1 691.4 0.93 
24 3,051.9 5.03 
30 1.668.2 11.51 

84.8 0.00 
55 44963 640 

2.2 0.00 
2 63.7 20.09 
1 26.7 23.97 

0.7 0.00 
3 933 20258 

3 59.6 32.21 
20 858.5 14.91 
6 451.8 8.50 

18.9 0.00 
29 1.mi.a 1336 

8 0-2000 
8 2000-4000 
8 40006000 
8 X000 

Total 

1 42.1 15.20 
1 411.4 1.56 
7 105.6 42.42 

0.3 0.00 
9 559.4 1030 

9 0-2000 
9 2000-4000 
9 4000-6000 
9 X O O O  

Tdal 

27.5 0.00 
119.6 0.00 

1 27.7 23.10 
0.9 0.00 

1 175.7 3.64 

0 1286 0.00 

846.1 0.00 
9 7,759.7 0.74 

46 39743 7.41 
- 33.6 0.00 
55 12,613.7 2.79 

223.6 0.00 
7 1,722.9 2.60 
5 640.8 4.99 
1 58.0 11.03 

13 2,6453 3.15 

414.0 0.00 
9 4,242.1 136 

18 3,173.7 3.63 
1 445.1 1.44 
U) 13.2743 217 

1 685.3 0.93 
12 3,152.8 2.44 
29 1,655.8 11.21 

195.8 0.00 
42 5,689.7 4.72 

1 869.4 0.74 
7 6,920.0 0.65 
7 2927.9 1.53 

36.3 0.00 
15 10,753.6 0.89 

1 140.8 4.55 
2 236.6 5.41 
3 93.3 20.58 

0.6 0.00 
6 4713 815 

-115.9 0.00 
4 545.9. 4.69 
2 1673 7.65 

0.1 0.00 
6 829.2 463 

0 299.9 0.00 

1,274.8 0.00 
4 6,860.7 0.37 

15 3,649.6 2.63 
2 295.1 4.34 

21 12,0803 1.11 

5 3  0.00 
249.9 0.00 

1 75.3 8.50 
0.0 ERR 

1 330.5 134 

47.7 0.00 
1,6353 0.00 

3 942.7 2.04 
42.5 0.00 

3 2,~i681 0.72 

1,981.1 0.00 
12 18,293.5 0.42 
21 9,693.9 1.39 
i 351.9 1.82 

34 30,320.4 0.72 

178.0 0.00 
5 1,170.4 2.73 
6 359.3 10.69 

2.6 0.00 
11 1,7103 4.12 

201.8 0.00 
5 795.1 4.02 
4 245.4 10.43 

0.0 ERR 
9 1,2423 4.64 

5 2,093.2 1.53 
13 2,186.0 3.81 
17 1,1053 9.84 
1 51.6 12.40 

36 5.436.1 4.24 

1 294.2 2.18 

1,796.6 0.00 
1 12,463.6 0.05 
7 3,499.6 1.28 

197.8 0.00 
8 1735'1.6 0.29 

0.0 ERR 
173.4 0.00 
68.4 0.00 
0.2 0.00 

0 242.0 0.00 

22.8 0.00 
1 2,479.6 0.26 

1,196.3 0.00 
7.9 0.00 

1 3,706.6 a17 

863.2 0.00 
. 9 5,273.7 1.09 

17 3,322.3 3.27 
2 330.1 3.88 

28 9,7893 1.83 

133.1 0.00 
2 1,605.5 0.80 

134.0 0.00 
0.4 0.00 

2 1,873.0 0.68 

104.9 0.00 
338.2 0.00 

4 95.3 26.86 
0.0 ERR 

4 538.4 4.75 

7 2,415.4 1.85 
27 3,227A 535 
29 1,5693 1181 

1 55.0 12.08 
64 7,265.1 5.64 

3 -13.6 036 

20,409.7 0.00 
20 68,596.5 0.19 
42 39,855.4 0.67 

5 5 f 81.2 0.59 
67 UqWS 032 

1,114.9 0.00 
5 8,809.1 036 
1 6312.0 0.10 

1.852.4 0.00 
6 18,088.4 0.21 

3,762.6 0.00 
6 28373.8 0.13 
5 259863 0.12 

3.m.s 0.00 
11 aqtu ail 

1,196.8 0.00 
- 3 8,831.0 0.22 

- 3 3,071.7 0.63 
270.2 0.00 

6 13,369.7 039 

21.1 0.00 
97.7 0.00 

4 16.6 154.22 
0.0 ERR 

4 135.4 1891 

7,410.2 0.00 
6 30,439.0 0.13 
5 17362.6 0.19 
2 4352.7 0.29 

13 594U.S 0.14 

219.9 0.00 
- 682.9 0.00 

1433 0.00 
0.0 ERR 

0 1,046.1 0.00 

5 6,202.0 0.52 

1 25,0186 0.03 
58 98,732.4 038 

140 52,647.1 1.70 
7 5,9925 0.75 

206 18tJm6 0.72 

0 1,346.0 0.00 
14 11,019.0 0.8l 
8 7.1233 an 
1 19113 033 

23 21,399.5 0.69 

3 4,306.7 0.45 
36 37,7893 a61 
32 31,750.8 465 

1 6,394.~ a10 
72 80~41.0 03 

22343.7 0.00 
13 84,639.7 0.10 
21 59,256.5 0.23 
5 19,436.8 0.16 

39 185,8767 0.13 

0 13.9 0.00 

157.3 0.00 
4 2,154.8 1.19 

21 892.6 15.06 
6.6 0.00 

25 3,2113 498 

4.1 0.00 
1 108.2 5.91 
2 94.4 13.56 

0.4 0.00 
3 207.1 9.27' 

0.9 0.00 
4 431.9 5.93 
7 686.1 6.53 

25.9 0.00 
11 ijw 61s' 

2 8,632.8 0.15 
21 40,5463 033 
25 20,789~ an 
2 43923 0.29 

50 74,360.8 0.43 

6 5,993.6 0.64 
16 10,418.6 0.98 
15 6,514.3 1.47 

265.9 0.00 
37 23,1924 1.02 

1 126.6 5.06 
2 1,2993 0.99 
2 308.8 4.15 

0.4 0.00 
5 1,735.1 1.84 

1 2797al 0.02 
49 120,190.7 036 
91 77,000.2 0.76 
8 20$84J3 035 

149 245,0458 039 

335.2 0.00 
6 4,635.4 0.83 

17 2,042.7 533 
- 58.4 0.00 

23 7,071.7 2.08 

7 6,661.0 0.67 
23 12,471.4 1.18 
26 7,091.6 235 
0 2665 0.00 

56 26,4905 135 

30.2 0.00 
1 94.8 6.75 
2 26.3 48.67 

0.0 ERR 
3 1513 12.69 



SLIDES MULTIPLE FACTORS speciatl23 11/12/98 

-13 Elevation 

10 s o 0 0  
Total 

12 so00  
Total 

ROADS I - I I --ED I "" II -+-- HARVEST 

b Rd-bd d e n l h  Flre den I b H-77 dm I b Ham76 den 1 b None den 11 b Aaw 

0.0  ERR^ 0.3 0.001 0.0  ERR^ -0.0  ERR^ 20.4 0.0011 0 20.7 0.0011 0.0 ERR 
10 253.7 25.231 9 1,717.1 3351 0 3643 0.001 1 445.9 1.441 9 19,451.1 03011 29 22.232.1 0.8311 1 78.1 819 

0.0 ERR 2.2 0.00 0 70.1 0.0 ERR 
0.0 271.3 o.ooI 1 0.0 ERR 
1.9 0.00 2 380.8 3.36 17.4 0.00 5.3 0.00 1 2.8 0.00 

0.0 ERR 
16 791.7 12.93 

0.0 ERR 
7 5189.2 0.86 

-.- - - 

0.5 0.00 
0 2.4 0.00 

KEY 
fire-harv 

rd-buf within 50' wide road prism [see note below] 
fire outsi&5O'wi&roadprism;withinhbumW~=HorM 

[h Hog, Fi87. Dillon, Specimm f k ]  
harv77 outside 50' road prism; outside H or M fire bum intensity NQk 

within w area YOIJ~IOER~~IMU 1977 [ i~udes  NS. OR. SW] 
haw76 oute i&50 'roadpr i sm;outs ideHorMhbum~ 

withinharvestedareaOLDERthaa 1977 
none within "undisburbed" a- outside road prim, outside H or M fire bum intensity, 

outside harvested area [old @re-1977) or new (post-1977)l 

556.1 0.00 
88.2 0.00 

1 86.9 7.36 
31.2 0.00 

1 762.4 0.84 

A s m m p t i o m u s e d ~ t h e c o u n t o f s l i d e s & ~ d i n g ~ :  
Ifthe "labelpht" of a shde was within 150' of a road it was considered to be "madqelated" 

0.4 0.00 
5 984.0 3.25 

- 

4.6 0.00 
2 6~3.9 194 

and counted-&the "Rods" section Howeva, in & q d n g  density of slides, a amidor 
Solwide [-=roadprism] was~~ed,ralltathanone300'wide(150'~2> 
IfLabclpohtofaslidewasgradathan 150'Matoad,itwasanrnidaedNOTtobewroadreWn 
a n d c o u n t e d e m  ABefigunswcrccaldatedasdescribedabow. 

91.1 0.00 
129.9 0.00 

3 780.3 2.46 
83.5 0.00 

3 1,ow.a 1 .7  

TART .R 6 

0.0 ERR 
0 1528.7 0.00 

0.0 ERR 
0 3 5 ~  0.00 

46.6 0.00 
80.4 0.00 

253.6 0.00 
117.4 0.00 

o 491x0 0.00 

1683 0.00 
20.46.1755 0.28 

0.0 ERR 
0 5.7 0.00 

32.6 0.00 
40.5 0.00 

182.8- 0.00 
- 21.4 0.00 

o 2773 0.00 

0 168.9 0.00 
48 -9.1 0.56 

G94.0 0.00 
1 7,082.8 0.09 

0.0 ERR 
3 626.1 3.07 

1 7,211.6 0.09 
2,271.8 0.00 

2 24,074.5 0.05 
6989.9 0.00 

3 40,547.~ 0.0s 

o 2 j99.i 0.00 
3 7,785.2 0.25 

0.0 ERR 
0 2.13 0.m 

1 7.9380 0.08 
0 2,610.8 0.00 
6 25,3781 0.15 
0 7,243.4 0.00 
7 43,1703 aio 

2.9 0.00 
29.7 0.00 
81.7 0.00 
0.0 ERR 

o iiu aoa 



ROADS 
Description # of slides acres* sliddsqmi acres %tot b&; n, p)* mostlikely 

Within 150' [300t-bide strip] 182 95,891 1.21 0.12 0.000 92 
Within 200' 217 127,855 1.09 0.17 0.000 122 
Within 500' 354 3 19,636 0.71 . 0.41 0.000 305 

[* 2,637 mi of road within study area; x300 ', x400' & ~1006'  = acres] 

FIRE 
Description # of slides acres sliddsqmi acres %tot b k  n, p)* mostlikcb 

Fires of 1987 - burn intensity 'hi' or 'med' 243 76,692 2.03 0.10 0.000 73 
Fires of 1987 - burn intensity l o d  186 98,75 1 1.21 0.13 0.000 94 
v o  slides in Dillon, Specimen, or Hog1 [note: 'acres' figure includes all four fires1 

429 175,443 1.56 0.23 

HARVEST 
Description # of slides acres -- sliddsqmi acres % tot b&; n, p)* most likely - 

Plantations older than 1977 60 48,089 0.80 0.06 0.022 44 
1977 & younger [includes OR, NS, SWI 215 46,547 2.96 0.06 0.000 43 

TOTALS 275 94,636 1.86 0.12 

UNDISTURBED 
Description # of slides acres sliddsqmi acres % tot b&; n, p)** most likely 

Slides: [i] >200' fiom a road, and [ii] not 255 609,074 0.27 0.79 0.000 562 
within H or M fire burn intensity, and [iii] 

(of 737 slides) not within old or young harvest area 

TABLE -1 



ELEVATION 
Description # of slides acres slideslsqmi acres % tot b(k; n, p)* most likeb 

> 6,000' 20 49,443 0.26 0.06 - 1.000 47 
TOTALS 735 771,583 0.6 1 1 .OO 735 

SLOPE 
Description # of slides acres slideslsqmi acres % tot be ;  n, p)* most likely 

0 - 20% 12 66,468 0.12 0.09 1.000 63 
20 - 40% 113 235,990 0.3 1 0.3 1 1.000 225 
40 - 65% 46 1 344,127 0.86 0.45 0.000 328 
> 65% 150 124,998 0.77 0.16 0.002 119 

TOTALS 736 771,583 0.61 1 .OO 736 

Lwmx 
Description # of slides acres slideslsqmi acres % tot b e ;  n, p)* most likely 

Flat 
North [3 10 - 70 degrees] 
East [70 - 130 degrees] 
South [I30 - 250 degrees] 207 265,756 0.50 0.34 1 .OOO 253 
West [250 - 3 10 degrees] 97 131,114 0.47 0.17 0.998 125 

TOTALS 735 771,582 0.61 1 .OO 735 

* b(k;n,p) = probability density function for binomial distribution; probability of (at LEAST) 
'k' successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

** b(k;n,p) = probability density function for binomial distributim; probability of (at MOST) 
'k' successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

OR = overstov removal 
NS = non-stocked 
SW = shelter wood 



ERFO SITES - RELATED TO THE 97 F'LOOD s~mmary. 123 11/12/98 

Geol3 # Description # of sites acres siteslsqmi acres % tot b(k n, p)* most iikcly 

active slides 
toe zones 
dormant slides 
granitic lands [steep, >65%] 
granitic lands [slopes, <65%] 
non-granitic lands [%5%] 
non-granitic lands [<65%] 
inner gorge in uuconsolidated 
inner gorge in granitic lands 
irmer gorge in non-@tics 
debris basins 

13 surficial deposits CQg, Qt, QJ 36 152,259 -. 0.15 - 0.09 1.000 82 
TOTALS 92 1 -1,708,757 0.34 1.00 - - 92 1 

BEDROCK TERRANE [aremestside] 
'ter' Description # of sites acres sites/sqmi acres %tot bk n, p)* mostlikely 

cd 
cm 
PI 
rct 
sbt 

sbt?lsf? 
sf 
Sur 
wht 
wi 

Condrey Mountain 
Central Metamorphic 
plutons 
Rattlesnake Creek 
Sawyers-Bar 
Sawyers Bar or Stuart Fork ? 
Stuart Fork 
surficial deposits 
Western Hayfork 
Western Jurassic 

Yr Yreka 8 14,213 0.36 0.01 0.569 8 
TOTALS 927 1,615,803 0.37 1 .OO 927 



RIPARIAN RESERVE [areawestside] 
Description # of sites acres siteslsqmi 

Geologically defined W l 3 :  1,2,9,10,11] 168 1 16,705 0.92 
Hydrologically defined 360 
cbmbined mbarian reserve by either11 40 1 

Total 939 42.7% = % of slides in riparian reserve 

FIRE [area=westside] 
Description # of sites acres siteslsqmi acres % tot b k  n, p)* most likeb 

1987 burn intensity 'hit or 'med' 140 113,645 0.79 0.07 0.000 66 
Hog 

11 6 44,420 0.09 0.03 1 .OOO 26 
Dillon II 0 7,160 0.00 0.00 1 .OOO 4 
Specimen - 11 0 3,134 0.00 0.00 1 .OOO 2 

Total 146 168,360 0.56 0.10 

[areawestside] 
Description # of sites acres sites/sqmi acres % tot b k  n, p)* most likely 

Plantations older than 1977 96 67,3 17 0.91 0.04 0.000 39 
1977 & younger [includes OR, NS, SWI 13 1 76,830 1.09 0.05 - 0.000 45 

TOTALS 227 144,147 1.01 0.09 

"UNDISTURBED" [area=photo area] 
Description # of sites acres siteslsqmi acres % tot b k  n, p)** most likely 

Sites: [i] not within H or M fire burn 479 609,074 0.50 0.79 0.000 5 62- 
intensity, and [ii] not within old or 
young harvest areas (of 744 sites) 



ELEVATION [area=photo area] 
Description # of sites ~ ~ f e s  siteslsqmi acres % tot b(k; n, p)* mbst likeb 

> 6,000' 0 49,443 0.00 0.06 1.000 48 . - 

TOTALS 744 771,583 0.62 744 

SLOPE [area=photo area] 
Description # of sites acres sitesfsqmi acres % tot b k  n, p)* most likely 

0 - 20% 89 66,468 0.86 0.09 0.001 64 
20 - 40% 274 235,990 0.74 0.3 1 0.000 228 
40 - 65% 332 344,127 0.62 0.45 0.509 332 
> 65% 49 124,998 0.25 0.16 1.000 121 

TOTALS 744 771,583 0.62 744 

LW!ECI [area=photo area] 
Description # of sites acres sites/sqmi acres % tot b(k; n, PI* most likely 

Flat 
North [3 10 - 70 degrees] 
East [70 - 130 degrees] 
South [I30 - 250 degrees] 
West 1250 - 310 degrees] 116 131,114 0.57 0.17 0.826 125 

TOTALS 744 771,582 0.62 

* b(k;n,p) = probability density function for binomial distribution; probability of (at LEAST) 
'k' successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

** b(k;n,p) = probability density function for binomial distribution; probability of (at MOST) 
'k' successes in 'n' Bernoulli trials with probability [ 'p' ] of success for each trial 

OR = overstory removal 
NS = non-stocked 
SW = shelter wood 

TABLE 2 



TABLE3 
ALTERED CHANNELS - RELATED TO THE 97 FLOOD 11/12/98 

73 I 
/"areaw -=photo area for all/ 

I 
Geol3 # Description a l t d m i  unaltcredmi tOtd mi acres density* .%altered 

active slides 
toe zones 
dormant slides 
granitic laads [steep, %5%] 
granitic lands [slopes, <65%] 
non-granitic lands [>65%] 
non-granitic lands [<65%] 
inner gorge in unconsolidated 
inner gorge in granitic lands 
inner gorge in non-granitics 
debris basins 

13 surficial deposits [Qg, Qt, Q1 13.85 101.43 115.28 43I185 0.21 12.0% 
TOTALS 446.24 2333.86 2780.10 771,341 0.37 16.1% 

BEDROCK TERRANE 
'kr' Description altered mi u n a l t d  mi total mi acres density* % altered 

cd 
PI 
rct 
sbt 

sbt?/sfl 
sf 

wht 

L 

Condrey Mountain 30.40 374.86 
plutons 156.06 425.59 
Rattlesnake Creek 199.76 895.50 
Sawyers Bar 23.00 ' 194.52 
Sawyers Bar or Stuart Fork ? 0.00 4.87 
Stuart Fork 0.48 8.73 
Western Hayfork 20.19 196.51 
Western ~urks ic  16.35 233.27 
TOTALS 446.24 2,333.85 

Description altered mi unaltered mi tOtd mi acres density* % altered 

Burn intensity 'hi' or 'med' 30.40 374.86 405.26 76,692 0.25 7.5% 
Burn intensity 'low' 156.06 425.59 581.65 98,751 1.01 26.8% 
Unburned 259.78 1533.40 1793.18 596,108 0.28 14.5% 

JHbg, 87 Fires, Dillon, Specimen cambined]] [note: 'acres' figures include all four fires] 
Totals within burned areas 186.46 800.45 986.91 175,443 0.68 18.9% 

HARVEST 
Description altered h i  unaltered mi tOtd mi acres density* %altered 

1977 & younger [includes OR, NS, S w  27.32 56.31 83.63 46,547 0.38 32.7% 
Plantations older than 1977 13.81 77.90 ' 91.71 48,089 0.18 15.1% 
Non-harvested areas .405.11 2199.64 2604.75 676,915 0.38 15.6% 

Totals within harvested areas 41.13 134.21 175.34 94,636 0.28 23.5% 



TABLE 3 

I 

ELEVATION 
Description altered mi unaltered mi totd mi acres density* % altered 

0 r 2,000' 83.13 665.65 748.78 107,266 0.50 11.1% 
2,000' - 4,000' 201.36 1089.29 1290.65 373,989 0.34 15.6% 
4,000' - 6,000' 158.12 525.75 684.47 240,885 0.42 23.2% 
> 6,000' 3.06 52.93 55.99 49,443 0.04 5.5% 

TOTALS 446.27 2,333.62 2,779.89 771,583 0.37 16.1% 

SLOPE 
Description a l t d  mi unaltered mi totd mi acres density*. %altered 

> 65% 25.46 42.32 67.78 . 124,998 0.13 37.6% 
TOTALS 446.34 2333.90 2780.24 771,583 0.37 16.1% 

Note: slope cl&s is NOT indicative of channel but reflects steepest side wall 

ASPECT_ 
Description altered mi unaltt)ad mi total mi acres density* %altered 

I 

Flat I 1.22 10.98 12.20 718 1.09 10.0% 
North [3 10 - 70 degrees] 158.27 759.26 917.53 23 1,087 0.44 17.2% 
East [70 - 130 degrees] 85.4 1 449.41 534.82 142,907 0.38 16.0% 
South [I30 - 250 degrees] 134.79 753.78 888.57 265,756 ' 0.32 15.2% 
West r250 - 3 10 degrees] 66.64 360.40 427.04 13 1,114 0.33 15.6% 

TOTALS 446.33 2333.83 2780.16 771,582 0.37 16.1% 

' *  density measured in 'altered miles' of channel per sq mile 
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2 0-2000 
2 2000-4000 
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Total 
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3 2000-4000 
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9 4000-6000 
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Total 
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0.0 ERR 
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1 140.8 4.55 
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0.6 0.00 

I 
6 4713 8.15, 
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56.5 0.00 
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0 123.6 0.00 
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46 39743 7.41 
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15 3,649.6 2.63 
2 295.1 4.34 
21 12.080.2 1.11 
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0.0 ERR 
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270.2 0.00 
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0 1,0461 0.00, 
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2 2,064.4 0.62 
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8.3 0.00 

3 53l3.6 036 

20,409.7 0.00 
20 68,596.5 0.19 
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1,114.9 0.00 
5 8.809.1 036 
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1.852.4 0.00 
6 18,0884 0.21 

3,762.6 0.00 
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37 23,192.4 1.02,, 
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5 6,202.0 0.52 
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206 182.390.6 0.72 
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1 19113 033 
23 21,3995 0.69 

3 4.3~7 0.45 
36 37,7893 0.61 
32 31,7508 0.65 
1 6,394.2 0.10 
72 60,241.0 0.57 

2 8,632.8 0.15 
21 40$463 033 
25 20,7894 0.77 
2 0923 0.29 
50 74360.8 0.43 

1 27 f 70.1 0.02 
49 120,190.7 0.26 
91 77,000.2 0.76 
8 20,584.8 0.25 

149 245.045.8 039 

7 6,661.0 0.67 
23 12,471.4 1.18 
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1.2 0.00 
51 0.00 
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0 139 0.00 

157.3 0.00 
4 2,154.8 1.19 
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6.6 0.00 
25 3 f 113 498 

4.1 0.00 
1 108.2 5.91 
2 94.4 13.56 

0.4 0.00 
3 207.1 9.27 

0.9 0.00 
4 431.9 5.93 
7 686.1 6.53 

25.9 0.00 
11 1,144.8 615 

1 126.6 5.06 
2 1,2993 0.99 
2 308.8 4.15 

0.4 0.00 
5 1,735.1 1.84 

335.2 0.00 
6 4,635.4 0.83 
17 2,042.7 5.33 

- 58.4 0.00 
23 7,071.7 2.08 

30.2 0.00 
1 94.8 6.75 
2 26.3 48.67 

0.0 ERR 
3 1513 12.69, 



KEY 
f i r r - b  

rd-buf within 50' wide road prism [sec note belowJ 
tke outside 50' wide mad prism; within tire bum intcnsii = H  or M  

[h Hog, Fh87, Dillon, Specimen fires] 
haw77 outside5O'roadprism;outsideHorM6rebumi&nsii hk 

within harvested area YOUNGER than 1977 [includes NS, OR, SWJ 
harv76 outside SO' road prism; d d e  H  or M fire bum intensity 

within hamsted area OLDER than 1977 
mme within "undishabed" a r q  outside mad prism, outside H  or M  fire bum in-, 

outside harvested area [old (pre-1977) or new (post-19771 
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OutsideroadMCr 
w i t h h 6 r e b u m ~ H o r M a n d  
within "newly" harv&.area [younga than 1977, NS] 

Aspumptiom, used Concaningthe count of slides Bt amqonding acrcs: 
Ifthe "labelpoint" of a slide was within 150' of a road, it was considaed to be "road-relatcd" 
and anmtal mr&the "Roads" d o n  Howmr, in computing density of slides, a corridor 
SO'Wide[-~mad~]wasused,rathathanom300'Wide(150'~2). 
If labelpoint of a slide was gnats than 150' fbm a road, it was considered NOT to be " road- r~W~ 
and anmtal elsewhae. Aae fiw were calculated as hi above. - 
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APPENDIX A 

METHODS & CONTRIBUTIONS 
FROM OTHERS 
Methods used in this assessment include: I .  Compilation and interpretation of precipitation and 
stream flow records; 2. Examination of Damage Site Reports for ERFO (Emergency Relief, 
Federally Owned) sites; 3 .  Inventory of landslides and altered channels on post-flood air photos; 
4. Field observations of a sample of ERFO sites, landslides, and altered channels; 5.Consultation 
with field personnel; 6.  Spacial analysis of flood effects in a GIs. The GIs analysis included 
development of new data layers containing 1997 landslides, flood altered channels, and ERFO 
sites. These new layers were olcrgibaisl with existing forest-wide layers, such as bedrock, 
geomorphology, roads, harvest, fire, and topography from a digital elevation model @EM). 

I. DATA COLLECTION AND INVENTORY 

A. PRECIPITATION AND STREAM FLOW DATA 

Precipitation data were obtained from U.S. Forest Service and State of California Water Resource 
records (snow pillow stations), as well as private stations. Stream flow data were obtained from 
the U.S.G.S. WEB site (http:Nh2o.usgs.gov) and Mike Friebel (USGS Redding, personal 
communication, 12/5/97). Information on snow water content (as well precipitation and air 
temperature) is from California Department of Water Resources (snow pillow) recording stations 
(http:Ncdec.water.ca.gov and Dave Hart, personal communication, 1997). Other snowpack 
information is anecdotal accounts from various individuals. 

B. ERFO SITE INVENTORIES 

ERFO sites are damaged areas which qualify for Emergency Relief Federally Owned (ERFO) 
hnding. A total of 712 ERFO sites (with a total cost of $27 million) have been recorded by 
engineering personnel and approved for fbnding as of March, 1998. These Data have been 
entered into a spreadsheet and GIs layer. To qualify, a site must exceed $2,000 in damage. 
Inventory of ERFO sites was initiated immediately after the flood and continued through the fall 



of 1997. The entire west side of the Forest has been inventoried with the exception of minor 
spurs. 
For purposes of this assessment, a sample of 277 Damage Site Reports were stratified into 7 
primary types: 1. Stream crossing failures; 2. Landslides; 3. Fill failures away from streams; 4. 
Stream undercuts; 5. Road cut failures; 6. Surface erosion and gullies; 7. Flooding. Phase I1 of 
this flood assessment will strati@ the remainder of the sites. 

Rationale for ERFO Strata 

These strata were designed to place sites into categories sharing common slope processes, and as 
a result, common mitigation needs. For example, stream crossing failures usually share common 
processes such as clogging of culverts with debris, overtopping and scour of fill, diversion of 
surface water, and saturation failure of fill. These processes lend themselves to common 
mitigation measures such as designing crossings to survive overtopping, making fills resistant to 
debris flow scour and saturation fill failure, and preventing diversion of surface flow. 
Recommended mitigation measures were linked directly to Aquatic Conservation Strategy 
Objectives (from the Northwest Forest Plan), as were guidelines for ERFO site repair in 
Recommendation section. Similarly, fill failures away from stream crossings share a number of: 
common factors such as steep slopes, presence of groundwater, and sandy soils, and are often 
initiation sites for debris flows, whereas, cut slope failures were found to be less likely to initiate 
debris flows. 

Stratification requires some generalization, in that many sites are very complex, and could be 
placed in several of the strata. Their placement into a given stratum has important implications to 
conclusions which are drawn from the data, and recommendations which are developed to address 
common problems. For example, stratification of the sites revealed that road failures at stream 
crossings make up 5 1% of the total ERFO sites. However, road stream crossing failures included 
everything from fills taken out by debris flows originating high in the watershed (unrelated to the 
road) to large earthflows which damaged or removed the entire road prism. It is clear that these 
differences must be identified. Also, fill failures may play an important role in other strata like 
undercuts and stream crossings, and we must not lose sight of the need to construct stable fills in 
the future, since these are events which would definitely not happen were the road not in place. 
Descriptions of the strata follow. The percentages listed below are from the initial stratification 
sample. 

Road Stream Crossing Failures (51%)- These sites involve failure of road crossings on 
perennial, intermittent or ephemeral streams. Damage ranged from minor filling of catch basins 
with sediment, to catastrophic loss of the fill and culvert. Failure processes included, scour and 
wash, debris flow, and in some cases, slump and earthflow. Where landsliding affected the 
foundation beneath the road fill, the site was classified as a stream crossing failure, but also coded 
in the data base as involving landslide processes. 

I 
Landslides Away From Stream Crossings (18%)- These are sites away from stream crossings, 



where landsliding affected the road prism and also the foundation below. They include debris 
slides, slumps, earthflows, and complexes. Simple fill failures which did' not include the. 
foundation (natural ground), and small cut failures were placed in separate strata, Fill Failures, 
and Road Cut Failures respectively. 

Pill ~ai lures  Away From Streams (14%)- This category consists of landsliding in artificial fill 
away from stream crossings., Failure is limited in extent to the road fill, but may involve a minor 
component of natural ground beneath the fill. It was selected as one of the strata in order' to 
capture the many fill failures which were observed on hillslopes (often in swales) away from 
stream crossings, quite often in sandy soils. Slope processes. are primarily debris slide, scour by 
debris flows, gullying, channel wash. Where substantial landslide failure of the foundation occurs 
in the foundation below the fill, the site was classified as a landslide. 

Stream Undercuts of Road Prisms (8%)- This category consists predominantly of landsliding 
induced by stream undercutting. Most sites occur where the road parallels the stream, and very 
high flows or channel deflections result in undercutting of the road prism, or structures such as 
bridge abutments. Failure process is primarily mass wasting induced by stream scour and wash, 
but may include piping associated with high seepage pressures which develop as flood waters 
recede. Some sites involved only 10's of cubic yards, while others involved thousands. Some'of 
these sites, such as large earthflows undercut by the stream were classified as landslides. 

Road Cut Failures Away From Streams (6%)- These are small slumps and eartMows on road ' 

cuts. They are confined for the most part to the cut slope above the road, and do not involve the 
road bed (the failure plane daylights above the road surface). They may extend to the land above 
the original road cut, but where they extend for more than one additional cut height into the 
natural ground, the site is placed in the landslide category. 

Gullies, Rills and Sheet Wash Linked to Water Concentration and Diversion (1%)- These 
sites are erosional sites formed by flowing water or water and debris. Landslide processes are 
only of secondary importance. In many cases, they were caused by diversions at stream crossings. 
During the process of recording ERFO sites, some gullies were lumped with stream crossing 
failures, while others were recorded as individual sites. Failure of cross drains on in-sloped roads 
had similar but generally smaller adverse effects, since they typically diverted less water. 

Flooding (1%)- This includes the effects of floodplain inundation, such as deposition of fine 
sediment, and water damage. 

A second sample of 297 sites was subsequently stratified, and preliminary' results given in section 
IV. C. 1. of this report (effects assessment for roads). These data will be combined with the initial 
sample in Phase I1 of the flood assessment. 



C. INVENTORY OF AIR PHOTOS 

Air Photos 

Color infrared air photos at a scale of 1 :40,000 (#715050 USDA F 40) were taken on May 7, 
1997. These photos were examined, and landslides as well as altered channels were mapped on 
photo overlays under a stereoscope, and manually transferred to 1 :24,000 topographic maps and 
digitized. The area covered by post-flood air photos was about 771,000 acres (Map 2). The 
area covered by post-flood air photos was about 771,000 acres (Map 2). This sample area was 
selected due to the concentration of effects there, and insufficient hnds to fly the entire forest. 
Altered channels and landslides which were mapped outside the air photo area (Map 2) were 
identified by local field investigations and consultation with District personnel. Additional air 
photos (scales ranging from 1:300 to 1:24000) were flown in October, 1998, but were not 
available in time to be used in this assessment. They will be used in Phase 11. 

Criteria Used in Air Photo Inventory 

Inventory criteria were: a. All -with scarps devoid of vegetation and judged to be new 
were mapped. Altered channels were similarly mapped. Those in which much of the riparian 
vegetation was recently removed/damaged, or exhibited obvious new deposition were identified 
as altered channels. Some creeks, such as Clear, Dillon, and Wooley Creeks exhibited only minor 
scour of confined bedrock reaches, but were also identified as altered channels, since their 
channels had the appearance of being newly disturbed and were different from adjacent channels. 
The main stem of the Klamath River from Beaver Creek to Somes Bar, and the Scott River from 
Canyon Creek to its mouth, and the lower Salmon River from Wooley Creek to the mouth 
exhibited sufficient alteration on air photos to be identified as flood-altered, but were not digitized 
in time to be included in these results. Thus, the totals for altered channels do not include them. 
Together, these would add about 90 miles to the total of 446. Some of the mapped landslides and 
altered channels likely predate the 1997 flood. Landslides were checked against 1995 air photos 
and those which were present prior to the flood were identified. The results are given below in 
"Limitations of the Air Photo Data". Mapping of altered channels and identification of pre-1997 
landslides is being refined in Phase I1 of the flood study. To date, 712 landslides have been and 
digitized from air photos. with 25 added from field observations. 

Limitations of Air Photo Data 

It is important to note that ERFO sites consist of all road-related problems, ranging from a 
clogged culvert to the catastrophic failure of a large fill. Some of the landslides identified in the 
air photo survey coincide with ERFO sites, and there are many landslides identified by the ERFO 
survey which ware not visible on the air photos. 

Note that landslides are more visible in openings such as in clearcuts, burned areas, and along 



roads, and as a result, air photo inventories will often skew the distribution of landslides, since 
fewer are visible under a timber canopy. Landslides as small as 20 feet wide were visible in 
openings fiom the 1:40000 air photos used in this assessment. This was made possible by the 
sharp contrast between barren areas and areas covered by low vegetation on the CIR photos. 
However, field work revealed that some grassy glades within forest openings were mapped as 
landslides on the air photo inventory. It is estimated that less than 5% of mapped slides fall in 
this category, since the check of 1995 air photos was able to verifjl about 95% as landslides. A 
photo check of pre-flood air photos (color, 1: 16,000 1995) was made to identifjr landslides 
predating the flood. This check revealed that about 6% of the landslides actually predated the 
1997 flood, 17% were visible on 1995 photos but enlarged in 1997,5% could not be verified 
because the 1995 air photos were not available, or could not be found on the 1995 photos, 
and 72% were confirmed as new 1997 landslides. 

Overlap: Landslides Mapped on Air Photos and ERFO Sites 

The air photo inventory was done independent of the ERFO inventory. Some of the air photo 
identified landslides coincide with ERFO sites, but the overlap has not yet been addressed. 

a 

Therefore, it is necessary to analyze photo inventory data on active landslides, and ERFO data 
separately. An approximation of the number of ERFO sites which involve landsliding was derived 
from the information gained by stratifjling 277 ERFO sites (Table 5). The numbers and 
assumptions are stated below. 

Air photo inventory identified 7 12 landslides, 25 were identified by field survey in Salmon River, 
and it is estimated that ERFO sites identified an additional 460 landslides (when 796 ERFO sites 
had been identified),. or a total of 1197. However, it is estimated that there is an overlap of about 
100 landslides between air photo identified landslides and ERFO sites. This results in 
approximately 1 100 landslides in total identified by this assessment. Rationale for these numbers 
follow. 

1. Stream crossing failures comprise about 5 1% of ERFO sites, and it is estimated that roughly 
30% of these involve landsliding (about 120). 
2. ERFO sites which were classified as landslides comprise about 18% of ERFO sites, totaling 
120. 
3. Fill failures are about 90% debris slides, and comprise 14% of all ERFO sites. This adds up 
to1 10. 
4. Stream undercut failures comprise about 8% of ERFO aites and it is estimated that roughly 
60% of these involve landsliding. This adds up to 60. 
5. Cut Slope failures are predominantly debris slides and shallow slumps by nature, and comprise 
6% of ERFO sites, equaling about 50. 

The sum of items 1-5 above is 460, or 58% of ERFO sites (460 / 796 = 0.58). 



I The previous figures were derived from the initial sample of 796 ERFO sites which here 
stratified. A second sample yields a higher proportion of fill failures away from streams which 

I likely involve landslide processes. If the sample of ERFO sites used for later computations (927 
sites) is considered, then ERFO sites would add 533 landslides (927 x 58% = 533). Phase I1 will 
combine these samples and present a summary. 

I Thus, about 460 landslide-related ERFO sites. Offsetting this figure is an estimated of 100 
landslides identified on air photos which coincide with ERFO sites. Thus, the total number of 

I landslides fiom both inventories is probably on the order of 1100 (712 fiom air photos, + 25 fiom 
a field survey, + 460 ERFO sites - 100 overlap = 1097). 

I The photo inventory of landslides did not classify them as road-related or not road-related. The 
GIs was used to identify those which are within 150 feet of a r ~ a d ,  and thus most likely to be 
road related. It is important to note that ERFO sites consist of all road-related problems, ranging 

I from a clogged culvert to the catastrophic failure of a large fill. Some of the landslides identified 
in the air photo survey coincide with ERFO sites, and there are many landslides identified by the 
ERFO survey which ware not visible on the air photos. 

I D. FIELD INVESTIGATIONS AND OBSERVATIONS 

I A11 major watersheds with known effects were visited in the field by the authors, with the 
exception of upper Kidder and Beaver Creeks. A sample of active landslides were mapped in ' 

I detail, and the extent of large slumps and earthflows better defined. Descriptions of some of the 
large landslides are contained in Appendix 3.  

I E. CONTRIBUTIONS FROM OTHERS 

I Klamath National Forest 

Richard Ashe: Engineer, Supervisor's Office. Preparation of Damage Site Reports, field 

I discussions, review of road guidelines (Appendix C). 
Ken Baldwin: Geologist, Happy Camp. Field discussions, doppler radar search, landslide 
inventory, descriptions of effects in Indian, Elk, and Thompson Creeks, report review. 

I Bill Bemis: Fish Biologist, Happy Camp. Consultation and field review. 
Jim Blanchard: Discussions on ERFO sites. 

I 
Larry Brahmsteadt: Engineer, Supervisor's Oflice. Preparation of Damage Site Reports, field 
discussions, review of road repair guidelines: 
Nels Brownell: Fisheries Technician, Supervisor's Ofice. Consultation. 

I 
Rick Claypole: Timber Preparation, Happy Camp District Oflice. Video of the flood at Horse 
Creek, upstream of Seiad Valley. 
Cal Conklin: Hydrologist, Supervisor's Ofice. Consultation and field review, draft report 
review. 



Jim Davis: Biologist/Engineer, review of draft road guidelines. 
Juan de la Fuente: Geologist, Supervisor's Office. Air photo inventory, field investigations, 
stratifjling Damage Site Reports, final report, road guidelines. 
Orion Dix: Fisheries Biologist, Salmon River District. Consultation and field review, 
descriptions of effects in north and South Fork Salmon River. 
Don Elder: Geologist, Supervisor's Office. Appendix --- Climatological factors (including 
precipitation, snowpack and peak discharge stream data), field investigations, digitizing flood- 
related landslides and altered channels, all database development, data queries, graphs and tables. 
Pat Garrahan: Recreation Technician, Happy Camp. Trail assessment and video in Elk Creek. 
Brent Greenhalgh: Watershed Technician, Salmon River Ranger District. Landslide inventory. 
Jon Grunbaum: Fisheries Biologist, Consultation and Field Review, Report review, Writeup of 
effects of the flood on fish habitat in Elk and Indian Creeks, water temperature comparisons in 
Elk Creek, assessment of fish habitat improvement structures. 
Polly Haessig: Geologist, Supervisor's Office. Consultation and field review, landslide inventory, 
&view of road standards 
Richard Harris: Civil Engineer, Pleasant Hill Engineering Center; ERFO damage sites and costs 
associated with the 1997 flood in the California Region of the Forest Service. 
Bob Jester: GIs Technician, Supervisor's Office. Produced maps 1-2 in this report. 
Dave Jones: Engineer, Happy Camp Office. Field discussions, Draft Report review. 
Jim McGinnis: GIs Technician, Supervisor's Oflice. Produced maps 3-17 in this report. 
Al Olson: Fisheries Biologist, Supervisor's Oflice. Consultation and field review; assessment o f .  
fish habitat improvement structures. 
Brenda Olson: Consultation on flood effects in the Salmon River. 
Jim Kilgore: Fisheries Biologist, Scott River District. Consultation and field review, and 
description of effects in Tompkins Creek. 
Sharon Koorda: Hydrologist, Scott River District. Consultation and field review, writeup on 
channel changes in Beaver Creek and the Klamath River 
Tom Laurent: Air photo review of 1995 photography to identifj, pre-flood landslides. 
Dave Payne: Recreation Technician, Happy Camp. Channel assessments in Clear, Elk, and 
Ukonom Creeks. 
Jay Power: Hydrologist, Scott River District. Consultation, aerial observations of flood effects, 
landslides, and snowpack. 
Ed Rose: Geotechnical Engineer, Supervisor's Office. Review of geotechnical design, writeup on 
how pre-1997 slope stabilization projects responded to the flood. 
Harry Sampson: Engineer, Supervisor's Ofice. Field discussions, review of road repair 
guidelines. 
William Snavely: Hydrologist, Ukonom District. Consultation and field review, landslide 
inventory, descriptions of effects in Irving, McCash, Cedar, and Ukonom Creeks, and large 
landslides along Klamath River, report review. 
Allen Tanner: Fisheries Technician, Scott River District. Consultation., 
Richard Van de Water: GIs Technician, Scott River District. Conducted GIs data layer 
queries. 
Roberta Van de Water: Hydrologist, Salmon River District. Consultation and field review in 



the Salmon River watershed, descriptions of effects in North and South Fork Salmon River, 
landslide inventory. 
Bob Varga: Engineer, Supervisor's Office. Field discussions, review of road repair guidelines. 
Gene~Virtue: Engineer, 'Happy Camp District. Field discussions, review of road repair 
guidelines. 

Geotechnical Engi'neers US Forest Service Region 5 

Bill ~ u f f :  Geotechnical Engineer, Pleasant Hill Engineering Center. Review of Geotechnical 
Design, Stratification of Damage Site Reports. 
Ken Inoye: Geotechnical Engineer, Pleasant Hill Engineering Center. Review of Geotechnical 
Design, Stratification of Damage Site Reports. 
Gordon Keller: Geotechnical Engineer, Plumas National Forest. Review of Geotechnical Design, 
Stratification of Damage Site Reports. 
Jim Mckean: Geotechnical Engineer, Pleasant Hill Engineering Center. Review of Geotechnical 
Design, Stratification of Damage Site Reports. 
Richard Wisehart: Geotechnical Engineer, Stanislaus National Forest. Review of Geotechnical 
Design, Stratification of Damage Site Reports. , 

Adjacent National Forests , 

The following individuals provided information on flood effects in National Forests surrounding 
the Klamath National Forest: 

Steve Bachmann: Hydrologist, Shasta Trinity National Forest, 
Sue Becker: Hydrologist, Modoc National Forest 
Bob Faust: Hydrologist, Mendocino National Forest 
Abel Jasso: Geologist, Shasta Trinity National ~ores't, 
Gordon Keller: Geotechnical Engineer, Plumas National Forest. 
Cindy Ricks: Geologist Siskiyou National Forest. 
Randy Sharp: Geologist, Modoc National Forest 
Dan Sitton: Geologist Rogue River National Forest. 
Mark Smith: Geologist Six Rivers National Forest. 
Paul Uncapher: Geologist Umpqua National Forest 

US Fish and Wildlife Service 

Mark Maghini: Wildlife Biologist, US Fish and Wildlife Service. Consultation, field review, 
draft report' review. 
Tom Reed: Wildlife Biologist, US Fish and Wildlife Service. Consultation, field review, draft 
report review. 
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Klamath Province Advisory Committee 

Pat Higgins: Fisheries Resource Advocate, Klamath Province Advisory Committee. Assessment 
of fish habitat improvement structures. 

Other 

Jeff Hanson: Mountain Manager, Mt. Ashland Ski Area. Recorded snow depths (December 23, 
1996 to January 4, 1997) at two locations within the Mt. Ashland Ski Area. 

11. DATA ANALYSIS 
Klamath National Forest GIs resource data layers were used in this assessment. They included: 
1. Bedrock layer; 2. Geomorphic layer; 3.  Inner Gorge Layer; 4. Active Landslide Layer; 5. 
Derived Geo-13 layer; 6. Vegetation layer; 7. Fire intensity layer; 8. Road layer; 9. Stream Layer. 
Slope, aspect, and elevation were generated from the USGS 30 meter resolution digital elevation 
model. Together with the new landslide, altered channel and ERFO layers, the Forest layers , 

were overlain, and attributed, coma delimited data records were generated for manipulation in a 
- data base (PARADOX). The process used was similar to that of Larsen (1996, and 1997). -, 

Landslides were mapped within the air photo inventory area (Map 2) and the GIs wzts'used to , 

determine whether landslides were within the road corridor. The label point for each landslide 
polygon was used as the point location for each landslide. Those within 150 feet are assumed to 
be "road-related". This does not account for the fact that some slides above roads may be 
unrelated to the road, but this is offset by the fact that larger landslides will appear to be more that 
150 feet from the road (due to the location of the label point) when in fact they may be road- 
related. In computing landslide densities, the road corridor was assumed to be 50 feet wide. 
Larsen (1997) addresses the issue of how roads can influence landslide incidence in a wide 
corridor, and how selection of corridor width influences computed landslide densities. 

In comparing landslide density by physical factors and disturbance, landslides identified by the air 
photo inventory were used exclusively (with the exception that some field-identified landslides 
were added). The reason for this was that the air photo inventory was applied uniformly across 
the landscape, and allowed a fair comparison of how different kinds of land responded. The 
ERFO inventory does not allow this, since it involved detailed field inventory of virtually the 
entire road system, but did not identifjr any landslides which did not directly affect roads. Note 
that Figure 11 double counts landslides, that is, a landslide which falls in several disturbance 
categories is included in each category. Total stream miles were determined from the stream 
layer and include all perennial and intermittent stream from USGS 7 !A minute quadrangles. 
Total altered channel miles do not inLlude the altered portions of the main rilers (Klamath, Scott, 
and portions of the Salmon). Together, they would add about 90 miles to the altered channel 
total. Debris flow tracks not on streams identified on the USGS maps were digitized and added 



I to the altered channel layer. This amounted to about 120 miles of channel. , ,  
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1. TABLES ........................................ - - -  .......................... 12 
11. SLOPE/CHANMEL PROCESSES & FEATURES (TERMINOLOGY)----------- 34 
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B. Roads: Their Effects on Flood Processes-------------------------- 46 
C. Effects of Timber Harvest, 'Fire & Site Preparation-------------- 49 

I. TABLES 
Tables 1-4 are contained in the main body of the report, after References (pp. 67-76). 
Tables 1-3 involve double counting of landslides and ERFO sites by disturbance class. 

Table 1: Landslide Densities (slideslsq mi) by Geomorphic Terrane, Bedrock, Riparian Reserve, 
and disturbance class (road, fire, harvest, ,undisturbed), and slope, elevation and aspect. Involves 
double counting of landslides which occur in multiple disturbance classes, eg. road and fire. 
Table 2: ERFO Densities (ERFO siteslsq mi) by Geomorphic Terrane, Bedrock, Riparian 
Reserve, and disturbance class (fire, harvest, undisturbed) and slope, elevation and aspect. 
Table 3: Altered Channel Densities (mileslsq mi) by Geomorphic Terrane, Bedrock, Riparian 
Reserve, and Disturbance Class (harvest, fire, undisturbed) and slope, elevation and aspect. 
Table 4: Landslide Densities by geomorphic terrane by elevation by disturbance class (photo area 
only). Does not involve double counting of landslides by disturbance class. The values are 
hierarchical in the following order: Roads; Fire; Old Harvest; New Harvest; Undisturbed. 
Table 5 (p. 13): Same as Table 4, but displays ERFO sites in photo area instead of landslides. 
Table 6 (p. 15): Same as Table 4, but includes landslide data from Elk Creek only. 
Table 7 (p. 17): Same as Table 4, but includes landslide data from Tompkins Creek only. 
Table 8 (19): Same as Table 4, but includes landslide data from Walker Creek only. 
Table 9 (p. 21): Same as Table 5, but includes ERFO site data from Elk Creek only. 
Table 10 (p. 23): Same as Table 5, but includes ERFO data from Tornpkins Creek only. 
Table 11 (p. 25): Same as Table 5, but includes ERFO data from Walker Creek only. 
Table 12 (p. 27): Landslides, ERFO sites and altered channels by watershed. 
Table 13 (p. P31): Acre adjustments by Watershed (accounts for area outside photo study area). 
Table 14 (p. 32): Landslides, ERFO sites and altered channels by aggregated watershed. 
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3 105.4 18.22 

23.5 0.00 
ERR 

3 143.113A2 

ERR 
1 3.3 193.94 
1 ERR 

ERR 
2 3.3 387.88 

0.6 0.00 
13 79.2105.05 

8.5 0.00 
ERR 

13 883 94.22 

2.7 0.00 
39.7 0.00 
7.7 0.00 

ERR 
0 50.1 0.00 

73.8 0.00 
4 325.8 7.86 

114.5 0.00 
ERR 

4 514.1 4.98 

2.7 0.00 
1 4.6 139.13 
1 1.3 492.31 

ERR 
2 8.6 148.84 

1 1189 538 
0 67.0 0.00 
0 29.5 0.00 
0 0.0 ERR 

0 495.9 0.00 
9 m 1  1.96 
4 lgl2.2 1.34 
0 526.1 0.00 

13 SJS68.3 1 . 4  

0 3.8 0.00 
9 1J47.3 5.02 
2 2J91.3 0.58 
0 561.2 0.00 

11 3903.6 1.a 

0 10.2 0.00 
17 4.015.4 2.71 
6 5,202.8 0.74 
0 1,315.1 0.00 

23 10,5435 1.40 

1 477.4 134 
3 2 . m ~  0.a 
0 1,784.1 0.00 
0 589.4 0.00 
4 5,745.7 0.45 

0 2,0863 0.00 
8 11,0383 0.46 
2 -9 0.21 
0 2,014.1 0.00 

10 21,116.6 030 

0 57.3 0.00 
7 340.2 13.17 
4 667.1 3.84 
0 18.1 0.00 

11 1.082.7 650 

ERR 
0 0.4 0.00 

49.0 0.00 
1 784.9 0.82 
1 118.5 5.40 

ERR 
2 952.4 1.34 

ERR 
6 262.6 14.62 

92.1 0.00 
3.6 0.00 

6 3583 10.72 

ERR 
4 805.3 3.18 
5 802.9 3.99 

1263 0.00 
9 1,7345 3.32 

1 89.1 7.18 
2 1,125.4 1.14 

99.1 0.00 
ERR 

3 1,313.6 1.46 

272.2 0.00 
3 4,747.2 0.40 
2 966.7 1.32 

ERR 
5 !3$86.1 0.53 

2.4 0.00 
2 80.5 15.90 
1 8.7 73.56 

ERR 
3 91.6 2096 

ERR 
0 0.0 ERR 

0.8 0.00 
1 238.6 2.68 
2 98.5 12.99 

ERR 
3 337.9 5.68 

ERR 
5.1 0.00 
0.1 0.00 

ERR 
0 0.00 

ERR 
45.5 0.00 
11.8 0.00 

ERR 
0 573 0.00 

17.3 0.00 
1 72.6 8.82 

20.5 0.00 
ERR 

1 110.4 !L80 

112.6 0.00 
390.2 0.00 
163.2 0.00 

ERR 
0 666.0 0.00 

0.4 0.00 
18.2 0.00 

1 1.6 400.00 
ERR 

1 20.2 31.68 

w- 

ERR 
ERR 
ERR 
ERR 

0.0 JWl 

ERR 
1 380.4 1.68 
1 68.7 932 

ERR 
2 449.1 2.85 

ERR 
12.5 0.00 

ERR 
ERR 

0 12.5 0.00 

ERR 
1 70.7 9.05 

6 3  0.00 
ERR 

1 77.0 831 

1 31.2 20.51 
2 333.5 3.84 

32.7 0.00 
ERR 

3 397A AS3 

45.4 0.00 
1 1,358.9 0.47 
1 399.1 1.60 
- ERR 

2 1,803.4 0.71 

ERR 
21.4 0.00 
0.4 0.00 

ERR 
0 21.8 0.00 

W 
r 
M 
b\ 



D E S  MULTIPLE FACTORS elk123 11/12/98 

tho13 Eaevatlon la Rd-buf den I 
16 6-2000 ERR 
10 2000-4000 3 

I 1  
16.3 117.79 

10 4000-6000 0.3 2133.33 

ERR 
ERR 
ERR 

13 0-2000 21.7 0.00 
13 2000400 I ERR 
13 40006000 ERR 
13 %000 ERR 

T d  0 21.7 aoci 

KEY 

Is Fire den 

ERR 
3 268.5 7.15 
4 643 39.81 

ERR 
7 332.8 13.46 

ERR 
0 940.2 0.00 

2.2 0.00 
I 20.9 0.00 
I ERR 

rd-buf within 50' wide road prism [see note below] 

fire outside 50' wide road prism; within fire burn iatasii = H or M 
[h Hog, Fire87 Dillon, Specimen h] 

haw77 outside 50' road prism; outside H or M fire bum intensiity 
within harvested area YOUNGER than 1977 
[includes NS, OR SW] 

haw76 outside 50' road prism; outside H or M fire bum intensirty 
within harvested area OLDER than 1977 

none within "undisturbed" area 
outside road prisn; outside H or M fire burn intensity, 
outside harvested a m  [old (pra1977) or new (posl-19W 

ls Barv77 den 

ERR 
12.8 0.00 
0.6 0.00 

ERR 
0 -13.4 0.00 

25.9 0.00 
1 56.2 11.39 

9.4 0.00 
ERR 

- 1 915 6.99 

ERR 
ERR 

I ERR 

~ 3.5 0.00 
ERR 

1 ERR 

Is Ham76 
dm I " None den 11 Is A- den 11 ta h - ~ v r r  l 
ERR 6.8 0.00 0 6 8  0.00 ERR 

0 45.4 0.00 1 2,234.2 0.29 12 2,642.4 2.91 0 169 0.00 

33.3 0.00 928.5 0.00 0 1,126.4 0.00 10.2 0.00 
. 71.5 0.00 1 f 20.7 0.00 4 2,276.5 1.12 114.8 0.00 

2.6 0.00 796.5 0.00 0 . 8503 0.00 13.9 0.00 
. ERR 57.0 0.00 0 57.0 0.00 ERR 

0 107.4 0.00 0 - 3,102.7 0.00 4 4,310.2 059 0 1389 0.00 

ERR ERR 0 2.2 0.00 ERR 
ERR 5.8 0.00 0 26.7 0.00 ERR 
ERR 513.5 0.00 0 5135 0.00 ERR 
ERR 639.2 0.00 0 639.2 0.00 ERR 

0 0.0 ERR 0 l.lSS.5 0.00 0 1,181.6 0.00 0 0.0 ERR 

0 236.0 

ERR ERR 
- . ERR 397.4 0.001 0 397.4 0.00 ERR 

o ao ERR o 3,6503 a00 2 3 .~233 033 o . b O  ERR 

fire-harv outsidedbulTa 
withinfirebumintmsityHorMand 
within "newly" hatvested area [yosmga than 1977, NS] 

Ifthe "labelpoint" of a slide was within 150' of a road, it was amsidered to be "road-related" 
and oounted under the "Rbads" d u n  Howmer, in amputhg density ofslides, a corridor 
50' wide [A road prism] was used, rather than one 300' wide (150' x 2). 

If labelpoint of a slide was greater than 150' h a road, it was amsidwed NOT to be "road-related" 
and counted elsewhm. Acre figures wae c a l M  as damibed above. 



SLlbES MULTIPLE FACTORS tompkias.123 _ 11/12/98 

h 1 3  Elevation 
Ins013 111 InlRKe. %I 

1 moo0 
Total 

2 moo0 
Total 

3 moo0 
Total 

4 moo0 
- Total 

5 moo0 
Total 

8 %000 
Total 

9 moo0 
Total 

ROADS I - I HARVEST ' I --ED 

Is Rd-buf den Is Fire den Is Haw77 den Is Harv76 den Is None den 
[#] lacrssl IWImnli I111 law1 wlqrm'] I111 I-I wUlmi1 I# 1-1 WUlmil R Iacrsr] WSqmi] 

ERR ERR ERR ERR ERR 
ERR ERR ERR ERR 6.9 0.00 

0.9 0.00 1 12.8 50.00 0.3 0.00 1.4 0.00 483 0.00 
ERR ERR ERR 0.1 0.00 0.7 0.00 

0 0.9 0.00 1 12.8 50.00 0 0.3 0.00 0 1.5 0.00 0 559 0.00 

ERR ERR ERR ERR ERR 
2.3 0.00 4.8 0.00 0.1 0.00 ERR 13.6 0.00 

ERR ERR ERR ERR 2.7 0.00 
ERR ERR ERR ERR ERR 

0 2 3  0.00 0 4.8 0.00 0 0.1 0.00 0 0.0 ERR 0 163 0.00 

ERR 
6.5 0.00 53.5 0.00 19.3 0.00 3.5 0.00 220.9 0.00 

2.9 
ERR 

260.7 0.00 
1.2 0.00 62.2 0.00 17.1 0.00 ERR 198.4 0.00 
0.7 0.00 0.8 0.00 ERR 0.2 0.00 16.3 0.00 

0 3.1 0.00 0 45.9 0.00 0 19.3 0.00 0 0.4 0.00 0 475.4 0.W 

19.7 14.9 35.2 1 - 8.8 :EI ERR 
. 850.1 0.00 

1 11.8 54.24 311.9 0.00 62.1 0.00 13.4 0.00 466.9 0.00 

ERR 9.1 0.00 
ERR 

ERR 221.2 0.00 
3 13.0 147.69 1 71.9 8.90 1 37.8 16.93 5.9 0.00 448.6 0.00 

ERR 19.8 0.00 0.2 0.00. 0.4 0.00 62.9 0.00 
3 13.0 147.69 1 91.7 6.98 1 47.1 1339 0 63 0.00 0 732.7 0.W 

ERR 
1 17.6 36.36 27.1 47.23 "1 - 3.0 2 685.9 1.W 
6 130.9 14.67 - 49.8 0.00 3 962.3 2.M 

ERRl ERR ERR 
ERR "I 59.3 0.OC 

1.0 0.00 1.8 0.00 1.6 0.00 ERR 1 74.9 8.54 - 

ERR ERR ERR ERR ERR 
0 1.7 0.00 0 1.9 0.00 0 1.6 0.00 0 0.0 ERR 1 1343 4.71 

0 ERR 
0 ERR 
1 63.7 10.05 0.9 0.00 

Is A m  den Is Ftn-&rr den 

0 ERR 
1.8 0.00 

0 2.7 0.00 ERR 

0 0.8 0.00 
1 71.4 8% 

I111 wImnl7 

ERR 
0 0.9 0.00 

0 ERR 
0 ,4" 8 49.6 0.00 

24 1.432.9 10.72 -8  227.7 22.49 

1111 [IKmIl wrplmi 

0 0.0 ERR 
0 235 0.00 

0 0.0 ERR ERR 
ERR 

o 2789 0.00 10.0 0.00 

I 7  

ERR 
0 1.8 0.00 

0 18.0 0.00 ERR 
0 564.1 0.00 0 10.0 0.00 

0 ERR 
4.5 0.00 

1 866.1 0.74 142.5 0.00 

ERR 
ERR 

0 ERR 
ERR 

16 1,495.0 6.85 4 179.4 14.27 

0 ERR 
ERR 

1 793 8.07 ERR 
o 0.0 ERRII ERR 
1 139.4 4.5911 0 0.0 - ERR 



SLIDES MULTIPLE FACTORS 

I ROADS FiRE I HARVEST I --* II - 

KEY 

Geol3 Elwatlon 

10 0-2000 
10 20004000 
10 40004000 
10 X O O O  

Total 

11 0-2000 
11 2000-4000 
11 40004000 
11 XOOO 

Total 

12 0-2000 
12 2ooO-4000 
12 400(M000 
12 >6000 

Total 

13 0-2000 
13 2000-4000 
13 4O004000 
13 >6000 

Total 

Tot& 

rd-buf within 50' wide road prism [see note below] 

fire outside 50' wide road prism; within fin bum intdity = H or M 
[hnn Hog. Fk87, Dillon, Specimen fires] 

brV77 outside 50' road prism; outside H or M fire bum b i t y  
within harvested area YOUNOERthan 1977 
[includes NS, OR. SW] 

harVI6 outside50'roadprism;outsideHorMfirebumhiti. 
within harvested area OLDER than 1977 

tire-hnrv outside road M a  
withinfinbum&n&yHorMaod 
within "newly" hamsted area [younger than 1977, NS] 

Is Rd-tmf den 

ERR 
2 6.7 191.04 

0.5 0.00 
ERR 

2 7 3  177.78 

ERR 
2.1 0.00 

2 3.6 355.56 
ERR 

2 5.7 224.56 

ERR 
ERR 

0.8 0.00 
0.5 0.00 

0 1 3  0.00 

ERR 
1.5 0.00 

1 1.0 640.00 
ERR 

1 2.5 2S6.00 

20 208.3 61.45 

Axamptiom used amcmhg the count of slides & comsponding acm: 

Ifthe "labelpoiat" of a slide was within 150' of a mad, it was coasidaed to be "&relatedn 
and counted uhder the "Roads" d m .  However, in computing demity of slides, a &dor 
50' wide [+ road prism] was used, ratha than om 300' wide (1 50' x 2). 

Is Nre den 

ERR 
1.7 0.00 

26.0 0.00 
0.3 0.00 

0 28.0 0.00 

ERR 
ERR 

11.5 0.00 
ERR 

0 11.5 0.00 

ERR 
ERR 

19.9 0.00 
4.6 0.00 

0 245 0.00 

ERR 
ERR 

14.1 0.00 
ERR 

0 141 0.00 

17 1,459.0 7.46 

If labelpoint of a slide was grrata than 150' h n  a road, it was amsidaed NOT to be "road-rrlated" 
a n d c u u n t e d e ~  Amfigureswaecalculatedashiabove. 

none withinnun-"ana 
outside road prism; outside H or M £ire burn h n d y ,  
outsideharvestedarea [old(pral977)ornew@ost-19731 

b Ham77 den 

ERR 
5.5 0.00 
2.9 0.00 

ERR 
0 8.4 0.00 

ERR 
4.5 0.00 

11.7 0.00 
ERR 

0 16.2 0.00 

ERR 
ERR 

16.9 0.00 
ERR 

0 169 0.00 

ERR 
ERR 

5.0 0.00 
ERR 

0 5.0 0.00 

lo 6059 10.56 

Is None den 

ERR 
368.5 0.00 

1 175.2 3.65 
ERR 

1 303.7 1.18 

ERR 
263.2 0.00 
186.7 0.00 

ERR 
0 4499 0.00 

ERR 
0 3  0.00 

1 48.2 13.28 
12.3 0.00 

1 60.8 1033 

ERR 
9.7 0.00 
4.2 0.00 

ERR 
0 139 0.00 

19 6,799.7 1.79 

Is Haw76 dm 

- ERR 
0.7 0.00 

ERR 
ERR 

0 0.7 0.00 

ERR 
2.0 0.00 

ERR 
ERR 

0 2.0 0.00 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

1 238.0 2.69 

Is Awea dm . 

0 0.0 ERR 
2 383.1 334 
1 204.6 3.13 
0 0 3  0.00 
3 5880 337 

0 0.0 ERR 
0 271.8 0.00 
2 2 n d  6.00 
0 0.0 ERR 
2 4853 2.64 

0 0.0 ERR 
0 0 3  0.00 
1 858 7.46 
0 17.4 0.00 
1 103.5 6.18 

0 0.0 ERR 
0 113 0.00 
1 24.3 2634 
0 0.0 ERR 
1 35.5 18.03 

67 9,3109 4.61 

Is nmtlHvrr den 

ERR 
ERR 

0.5 0.00 
ERR 

0 03 0.00 

ERR 
ERR 

4.3 0.00 
ERR 

0 4.3 0.00 

ERR 
ERR 

2.8 0.00 
ERR 

0 2.8 0.00 

ERR 
ERR 

7.1 0.00 
ERR 

0 7.1 0.00 

12 675.1 1138 



SLIDES MULTIPLE FAaORS walker.123 . 11/12/98 

I ROADS I FlRE I HARVEST 

Geol3 Elevation Rd-buf den Lo F h  den b Harv77 den b H a d 6  den 
[gso13#1 [-61 PI [aer~l] @dqnIii [#I [eaus~ wsqmii [q [-I [w-I r#) 1-1 

1 %OOO 
Total 

3 0-2000 I ERR 
3 2000-4000 14.7 0.00 3.0 0.00 72.9 0.00 111.8 0.00 

2 0-2000 
2 2000-4000 
2 40006000 
2 %OOO 

Total 

ERR 
0 2.8 0.00 

0-2000 
3.6 

ERR ERR 
10.8 59.26 9.9 O.OOl- 47.9 0.00 

40006000 6.1 0.00 0.9 0.00 3.0 0.00 27.1 0.00 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

3 %OOO 
Total 

ERR 
0 5.6 0.00 

4oo04000 27.9 0.00 10.5 0.00 10.2 0.00 91.2 0.00 
SO00 ERR 6.2 0.00 0.6 0.00 ERR 
Total 0 85.2 0.00 0 193 0.00 0 49.6 0.00 0 189.0 0.0a 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

ERR 
6 565 67-96 

%OOO 
Total 

0-2000 ERR ERR ERR ERR 
2000-4000 ERR ERR 0.8 0.00 1.4 0.00 
40006000 2 9.8 130.61 1 54.9 11.66 5 103.2 31.01 20.9 0.00 
%OOO ERR 1.5 0.00 2.4 0.00 ERR 
Total 2 9.8 130.61 1 56.4 1135 5 106.4 30.08 0 223 0.W 

ERR 
0 7 3  0.00 

ERR 
ERR 4.2 0.00 0.2 0.00 

ERR 
1 16.4 39.02 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

16.3 0.00 
5 238.7 13.41 

ERR 
1 16.9 37.87 

8 Xi000 1.1 0.00 36.4 0.00 25.3 0.00 6.1 0.00 
Total 7 53.1 8437 2 269.1 476 3 . 279.4 6.87 0 99.5 0.W 

ERR 
ERR 
ERR 
ERR 

0 , 0.0 ERR 

9 0-2000 0.7 0.00 ERR ERR ERR 
9 2000-4000 1.8 0.00 ERR 15.0 0.00 9.0 0.00 
9 40006000 1.8 0.00 5.9 0.00 2 16.1 79.50 12.4 0.00 
9 %OOO ERR ERR ERR ERR 

Total 0 4.3 0.00 0 5.9 0.00 2 31.1 41.16 0 21.4 0.M 

ERR 
5 272.7 11.73 

ERR 
0 4.5 0.00 

b None dm 
[#) [-I mil- I ; A ;A b ,, d, 

I- 

ERR 
4 353.0 7.25 

ERR 
0 129 0.00 

;:I . 0.0 O-O ERR 

- 1.1 0.00 
1 23.8 2689 

ERR 
0 75.0 0.00 

ERR -1 
0 1.1 . 0.00 
2 SSS22.94 

0 - ERR 

ERR 

ERR 
0 3.1 0.00 

ERR 
0 0.0 ERR 

ERR -1 

0 0.0 ERR 
0 0.0 ERR 

ERR 
o 725.6 0.00 

237.4 0.00 0 3773 . 0.00 0.7 0.00 
8.0 0.00 0 . 148 0.00 ERR 

1 1,7628 036 - 1 2.1053 0.30 0 0.7 0.00 

ERR 
0 0.0 ERR 

0.0 ERR 
5.6 7.8 m I  

1 174.9 3.66 9 363.7 1584 1 39.2 1633 

0 0.0 ERR 
1 a3zs a77 

0.1 0.00ll 0 0.1 0.0011 ERR 
3 159.8 l2.0211 5 222.5 143811 0 0.4 0.00 

m 
QO 

ERR 
o 0.0 ERR 



SImEs MULTIPLE FACTORS 

h 1 3  Elevation 
b l 3 k q  [rangqfil 

10 >6000 
Total 

11 %oOo 
Total 

12 >6000 
Total 

13 >6000 
Total 

KEY 

ROADS I - 
b Rd-bnf den b Fire den 
[kq [&] [Wnqmi] [kq [.w] mi 

ERR 
2 21.3 60.09 1.4 0.00 

2.7 0.00 3.1 0.00 
0.0 ERR ERR 

2 27.7 46.21 . 0 4.5 0.00 

0.8 
ERR 
ERR 

2 4.4 290.91 18.7 0.00 
ERR ERR 

2 53 246.15 0 18.7 0.W 

0.0 ERR 0.0 ERR 

ERR 4-1 ::I ERR 
ERR 
ERR 

ERR ERR 
0 4 1  0.00 0 0.0 ERA 

rd-buf within 50' wide road prism [see note below] 

fire outeide50'wideroadprism;withinfirebumWity=HorM 
[b Hog, Fin87, Dillon, Specimen fires] 

haw77 outsi&50'rodprism;outsi&HorMfinburnW@ 
within harvested area YOUNOER than 1977 
[includes NS. OR, SW] 

ham76 outside SO' road prism; outside H or M fire bum intensity 
within harvested area OLDER than 1977 

EAR= I UNDISTURBED 

b H&7 den b Haw76 den b None 
[kq [-5] @I/l&i [kq 1-51 [~=d [#I [-I 

0.8 0.00 1 8.3 77.11 33.4 0.00 1 483 1335 
ERR ERR ERR 0 0.0 ERR 

0 11.6 0.00 1 36.7 17.44 1 946.1 0.68 4 1,026.6 fA9 

ERR ERR ERR 0 0.0 ERR 
0.1 0.00 0.8 0.00 15.8 0.00 0 17.5 0.00 

3 57.1 33.63 5.2 0.00 4 - 105.7 24.22 9 191.1 30.14 
0.4 0.00 ERR 1.4 0.00 0 1.8 0.00 

I 

3 57.6 3333 0 6.0 0.00 4 1223 20.83 9 210.4 2738 

ERR "1 ERR "1 Ell : 0.0 ERR 
0 ERR 

ERR ERR ERR 0 0.0 ERR 
ERR ERR ERR 0 0.0 ERR 

0 0.0 ERR 0 0.0 ERR 0 0.0 ERR 0 0.0 ERR 

ERR ERR 39.0 0.00 0 43.1 0.00 
ERR ERR ERR - 0  0.0 ERR 
ERR ERR ERR 0 0.0 ERR 
ERR ERR ERR 0 0.0 ERR 

0 0.0 ERR 0 0.0 ERR 0 39.0 0.00 0 43.1 0.00 

fire-har~ ou t s ide roa t i~C 
withinfirebumidtensityHorMand 
within "newly" harvested area [younger than 1977, NS] 

Assumpti- used concerning the count of slides & comsponding acres: 

Ifthe "labelpoint" of a slide was within 150' of a road, it was umsidaed to be "rodrelated" 
and counted under the "Roads" d o n .  Howeva, in oomputing density of slides, a corridor 
50' wide [-- road prism] was used, rather than one 300' wide (150' x 2). 

Is P t r e P t r e h  den 
[kq [scror] [wlqrmi 

I ERR 
I ERR 
I 

ERR 
I 

ERR 
0 0.0 ERR 

ERR 
ERR 

10.9 0.00 
ERR 

0 10.9 0.00 

ERR 
ERR 
ERR 

1 ERR 
I O 0.0 ERR 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

If labelpoint of a slide was greater than 150' h a road, it was umsidered NOT to be "roadrelated" 
and counted elsnvhae. Acre figurea were c a l M  as -bed above. 

nohe w i t h i n " u n m U  area 
outside road prism; outside H or M fire burn htensity, 
outside harvested area [old -1977) or new @st-19771 



Em0 SITES MULTIPLE FAmORS elk123 

FIRE I HARVEST I ~~~~ 11 n?nu 
Geol3 Elevation 
m13 #] [rang c. A] 

FtRE+HARVEST 
Sites F'ire-Harv den 

[#I [ a m ]  [Wsqnul 

1 0-2000 
1 20004000 
1 40006000 
1 SO00 

Total 

ERR 
15.8 0.00 
0.3 0.00 

Sites Fire den 
[#I [aacs] [Idscplu '1 

ERR 
0 16.1 0.00 

ERR 
39.8 0.00 
6.7 0.00 

ERR 
0 46.5 0.00 

0.4 
ERR ERR 

Sites Ham77 den 
[#I [acrca] [Idqmi] 

ERR 
3.5 0.00 
1.9 0.00 

ERR 
0 5.4 0.00 

9.9 9.00 4 99.1 25.83 4 109.0 23.49 
13.1 0.001 52.0 0.00 0 65.5 

0.00/1 ERR 2x5 0.00 0 29.5 0.00 

Sites None den 
[#I [ a ~ g ]  [Wsqnu '1 

Sites Hen76 den 
[#I [ a m ]  [Idsqnu '1 

ERR 
ERR 
ERIi 

Sites Acres den 
[#I [ W 6 ]  

3.0 0.00 
12.8 0.00 
10.1 0.00 

ERR 
0 25.9 0.00 

203 0.00 
87.9 0.00 
483 0.00 
5.6 0.00 

0 162.1 0.00 

- 

2 SO00 
Total 

ERR 
4 380.4 6.73 
1 68.7 9.32 

0 233 0.00 
0 144.0 0.00 
0 67.0 0.00 
0 5.6 0.00 
0 239.9 0.00 

3 0-2000 
3 2000-4000 
3 40006000 
3 SO00 

Total 
ERR 

5 449.1 7.13 

ERR 
0 0.4 0.00 

1 49.0 13.06 
5 784.9 4.08 
2 118.5 10.80 

ERR 
8 952.4 538 

ERR 
0 0.0 ERR 

4 0-2000 
4 20004000 
4 4000-6000 
4 %OOO 

Total 

5 0-2000 
5 20004000 
5 40006000 

0.8 0.00 
238.6 0.00 

1 98.5 6.50 
ERR 

1 337.9 1.89 

5 %OOO 
Total 

8 40004000 966.7 0.00 1 1632 3.92 232.0 0.00 3 4,501.5 0.43 4 5,863.4 0.44 399.1 0.00 
8 SO00 ERR ERR ERR 2,014.1 0.00 0 2,014.1 0.00 ERR 

Total 20 5,986.1 2.14 4 666.0 3.84 1 861.4 0.74 19 13,089.0 0.93 44 20,602.5 137 6 1,803.4 2.13 

ERR 
0 23.0 0.00 

ERR 
262.6 0.00 
92.1 0.00 
3.6 0.00 

0 3583 0.00 

ERR 
2 805.3 1.59 
1 802.9 0.80 

6 0-2000 
6 20004000 
6 40004000 
6 SO00 

Total 

I . .  

1 473 13.53 
3 318.8 6.02 
1 146.2 438 

ERR 
5 5 1  635 

126.3 0.00 
3 1,734.5 1.11 

ERR 
4 180.6 14.17 

ERR 
5.1 0.00 
0.1 0.00 

ERR 
0 5.2 0.00 

ERR 
1 45.5 14.07 

11.8 0.00 

89.1 0.00 
2 1,125.4 1.14 

99.1 0.00 
ERR 

2 1,313.6 0.97 

384.6 0.00 
1 1,486.4 0.43 
1 1,525.5 0.42 

526.1 0.00 
2 3,922.6 0.33 

ERR 
1 573 11.17 

0 0.0 ERR 
4 204.0 US5 

2 481.7 266 
9 2,828.7 2.04 
5 1,888.7 1.69 
0 526.1 0.M 

16 5,7253 1.79 

ERR 
8.5 0.00 
0.7 0.00 

ERR 
0 9.2 0.00 

ERR 
3 1432 13.41 
2 15.8 81.01 

17.3 0.00 
72.6 0.00 
20.5 0.00 

ERR 
0 110.4 0.00 

ERR 
0 0.0 ERR 

ERR 
5 159.0 20.13 

3.8 0.00 
2 867.8 1.47 

2,098.4 0.00 
557.6 0.00 

2 3,527.6 036 

9.6 0.00 
22 2,942.2 4.79 

4,363.8 0.00 

20.4 0.00 
104.8 0.00 

4.8 0.00 
ERR 

0 130.0 0.00 

1,188.8 0.00 
22 8,504.4 1.66 

0 3.8 0.00 
2 1,144.0 1.12 
0 $1913 0.00 
6 5613 0.00 
2 3,9003 0.33 

0 . 9.6 0.00 
28 3,9363 4.55 
3 5,1943 037 

347.9 0.00 
1 1,552.3 0.41 

1,652.0 0.00 
589.4 0.00 

1 4,141.6 0.15 

ERR 
12.5 0.00 

ERR 
ERR 

0 12.5 0.00 

ERR 
70.7 0.00 
6.3 0.00 

0 1,WLl 0.00 
31 10,4553 1.90 

ERR 
0 77.0 0.00 

0 474.7 0.00 
3 2,855.1 0.67 
0 1,776.4 0.00 
0 589.4 0.00 
3 5,695.6 0.34 

312 0.00 
1 333.5 1.92 

32.7 0.00 
ERR 

1 397.4 1.61 



I ERFO SITES MULTIPLE FACXORS 

HARVEST 
Geol3 Elevation 

[geol3#] [range . fi] 

ERR 
268.5 1 452 42.48 
64.3 0.00 0.6 0.00 0.2 0.00 

9 moo 
Total 

Sites F h  den 
[#I [acm] [Islspmc '1 

11 >6000 I ERR1 ERR 
Total 7 940.2 4.761 1 91.5 6.99 1 1 107.4 5.96 

Sites H d 7  den Sites H M 6  den 
[#I [acm] [Isl~pl '1 [#] [ a m ]  [Isl~pll 

ERR 
0 91.6 0.00 

10 xi000 
Total 

2.2 0.00 
20.9 0.00 

ERR 

ERR 
ERR 
ERR 

ERR 
0 20.2 0.00 

ERR 
0 332.8 0.00 

ERR 
ERR 
ERR 

- ERR 
0 20.6 0.00 

ERR 
1 13.4 47.76 

ERR 3.5 =I 

ERR 
3 45.4 42.29 

- -  

12 >6000 
Total 

ERR 
ERR 
ERR 

ERR 
0 23 .  0.00 

I I I - 

Totals: 1 40 11,928.0 2.151 8 1,310.8 3.911 15 1,894.2 5.07 

13 SO00 
Total 

KEY 

fire within fire bum intensity = H or M [from Hog, Fin87, Dillon, specimen fires] 

ERR 
0 0.0 ERR 

harv77 outside H or M fire bum intensity 
within harvested area YOUNGER than 1977 [includes NS, OR, SW] 

harv76 outside H or M fire bum intensity, within harvested areas OLDER than 1977 

ERR 
0 0.0 ERR 

ERR 
0 148.5 0.00 

48.3 0.00 0 - 54.6 0.00 ERR 
225.6 0.00 0 335.6 0.00 21.4 0.00 

1 649.7 0.99 ' 1 665.8 0.96 0.4 0.00 

ERR 
0 3.5 0.00 

18.1 0.00 
1 941.7 0.68 

ERR 
0 0.0 ERR 

6.8 0.00 
13 2,234.2 3.72 

ERR 

ERR 

0 18.1 0.00 
1 1,074.1 0.60 

57.0 0.00 
. 8 3,102.7 1.65 

ERR 
0 . 21.8 0.00 

0 6.8 0.00 
17 2,625.8 4.14 

ERR =I 

ERR 
0 16.9 0.00 

0 57.0 0.00 
17 4,241.8 256 

639.2 0.00 
0 1,1585 0.00 

397.4 0.0011 0 397.4 0.0011 ERR 
0 3,650.2 0.00 11 0 3,8023 - 0.0011 0 0.0 ERR 

ERR 
5 138.9 23.04 

none within "undisturbed" area; outside H or M fire bum inknsity, 
outside harvested area [old (pn-1977) or ney (post-1977)J 

fire-harv within fire bum intensity H or M and W 
within "newly" harvested area [younger than 1977, NS] t' 

M 

0 6393 0.00 
0 1,181.6 0.00 

ERR 
0 0.0 . ERR 



E m  SITES MULTIPLE FACTORS tompkinsl.123 1 1/12/98 

FIRE+HARVEST 
HaM6 den 

1 0-2000 
1 2000-4000 

2 0-2000 

3 0-2000 
3 2000-4000 
3 40006000 3 361.4 5.31 140.2 0.00 

4 0-2000 
4 2000-4000 
4 4000-6000 
4 xi000 

Total 

5 0-2000 
5 2000-4000 
5 40004000 
5 %OOO 

Total 

6 0-2000 
6 20004000 
6 40004000 
6 MOO0 

Total 

8 0-2000 
8 2000-4000 
8 40004000 
8 xi000 

Total 

0 

0.8 0.00 
0 65.9 0.00 

ERR 
14.9 0.00 

311.9 0.00 
31.1- 0.00 

0 357.9 0.00 

ERR 
ERR 

71.9 0.00 
19.8 0.00 

0 91.7 0.00 

ERR 
ERR 

2 301.0 4.25 
113.3 0.00 

2 4143 3.09 

ERR 
0 193 0.00 

ERR 
35.2 0.00 
62.1 0.00 
4.0 0.00 

0 1013 0.00 

ERR 
9.1 0.00 

37.8 0.00 
0.2 0.00 

0 47.1 0.00 

ERR 
27.1 0.00 

4 130.9 19.56 
29.6 6.00 

4 187.6 13.65 

0 2  0.00 
0 0.4 0.00 

ERR 
8.8 0.00 

13.4 0.00 
0.8 0.00 

0 23.0 0.00 

ERR 
ERR 

5.9 0.00 
0.4 0.00 

0 6 3  0.00 

ERR 
3.0 0.00 

49.8 0.00 
7.2 0.00 

0 60.0 0.00 

16.3 0.00 
0 475.4 0.00 

ERR 
3 850.1 226 
1 466.9 1.37 

112.8 0.00 
4 1,429.8 1.79 

ERR 
221.2 0.00 

1 448.6 .1.43 
62.9 0.00 

1 732.7 0.87 

ERR 
2 685.9 1.87 
1 962.3 0.67 

216.8 0.00 
3 1,865.0 1.03 

0 17.3 0.00 
0 561.0 0.00 

0 0.0 ERR 
3 909.0 2.11 
1 854.3 0.75 
0 148.7 0.00 
4 1,9120 1.34 

0 0.0 ERR 
0 2303 0.00 
1 5643 1.13 
0 833 0.00 
1 877.8 0.73 

0 0.0 ERR 
2 716.0 1.79 
7 1,444.0 3.10 
0 366.9 0.00 
9 2,526.9 2.28 

ERR 
0 10.0 0.00 

ERR 
4.5 0.00 

142.5 0.00 
3.6 0.00 

0 150.6 0.00 

ERR 
ERR 

26.7 0.00 
0.1 0.00 

0 26.8 0.00 

ERR 
ERR 

2 179.4 7.13 
9.4 0.00 

2 188.8 6.78 

4 * 
W 
t5 
M 
+ 



E m  SITES MULTIPLE FACI'ORS toinpkinsl. 123 1 1/12/98 

FIRE 
Go13 Elevation 

Cgcol3 #I ttange.Al 

9 %000 
Total 

Sites Fire den 
[#I [ a m ]  [Idaqxm '1 

ERR 
0.1 0.00 
1.8 0.00 

ERR 
0 1.9 0.00 

0 
2.0 1 263, . l  26:; ~1 

ERR 2 186.7 6.86 2 209.9 6.10 

10 %OOO 
Total 

ERR 
ERR 

4 3  0.00 

1.7 5.5 0.7 1 3 368.5 34:: 
ERR 
ERR 

26.0 0.00 2.9 0.00 ERR 1 175.2 3.65 1 204.1 3.14 0.5 0.00 

Sites Ham77 den 
[#I [acres] [Idqm~ '1 

ERR 
ERR 

1.6 0.00 
ERR 

0 1.6 0.00 

0.3 0.00 
0 28.0 0.00 

Sites None den 
[#I [-I [ I d e l  

ERR 
593 0.00 

2 74.9 17.09 
ERR 

2 1343 9.54 

Sites Ham76 den 
[#I [==I Wrpmil 

ERR 
ERR. 
ERR 
ERR 

0 0.0 ERR 

KEY 

ERR 
0 8.4 0.00 

ERR - ERR ERR 
0 11.5 0.00 0 163 0.00 0 2 0  0.00 

13 SO00 
Total 

Totals: 

fue within fire bum intensity = H or M [from Hog, Fm87, Dillon, Specimen fires] none within "undisturbed" area; outside H or M fire bum intensity, 
outside harvested area [old (pre1977) or new (post-197711 

harv77 outside H or M fire bum intensity 
within harvested area YOUNGER than 1977 [includes NS, OR, SW] tire-harv within fire bum intensity H or M and 

harv76 outside H or M fire bum intensiv, within hWestcd areas OLDER than 1977 within "newly" harvestad area [younger than 1977, NS] 
& 
I? m 

Sites Arr~s den 
[#I [Idqmi] 

0 0.0 ERR 
0 59.4 0.00 
2 783 1635 
0 0.0 ERR 
2 137.7 930 

ERR 
- 3 449.9 4.27 

ERR 
0 3  . 0.00 

1 48.2 13.28 
123 0.00 

1 60.8 10.53 

- ERR 
9.7 0.00 
4.2 0.00 

ERR 
ERR 

19.9 0.00 
4.6 0.00 

0 24.5 0.00 

ERR 
ERR 

14.1 0.00 

Sites Fire-Harv den 
[#I [saw] pa/sprml 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

ERR 
0 0.7 0.00 

ERR 
0 14.1 0.00 

0 0.0 ERR 
3 479.6 4.00 

0 0.0 ERR 
- 0 0 3  0.00 

1 85.0 7.53 
0 16.9 0.00 
1 1022 6.26 

0 - 0.0 ERR 
0 9.7 0.00 
0 233 0.00 

ERR 
ERR 

16.9 0.00 
ERR 

0 16.9 0.00 

ERR 
ERR 

5.0 0.00 

ERR 
4 543.7 4.71 

ERR 
0 - 4 3  0.00 

ERR 
. . ERR 

2.8 0.00 
ERR 

0 2.8 - 0.00 

ERR 
ERR 

7.1 0.00 

- ERR 
-ERR 

ERR 
ERR 

0 0.0 ERR 

- ERR 
ERR 
ERR 

ERR 
0 5.0 0.00 

51,459.02.19 

0 0 3  0.00 
4 580.8 4.41 

ERR 
0 0.0 ERR 

ERR 
0 0.5 0.00 

ERR 
0 13.9 0.00 

4 

0 0.0 ERR 
0 33.0 0.00 

29 9,1026 204 

ERR 
0 7.1 0.00 

2 675.1 1.90 



r A Em0 SITES MULTrPLE FACTORS walker. 123 11/12/98 

~ e a l 3  Elevation 
b l 3  #I [nmgc,fil 

1 w o o  
Total 

2 0-2000 
2 2000-4000 
2 4000-6000 
2 >6000 

Total 

%ooo 
Total 

%oOo 
Total 

%000 
Total 

%000 
Total 

dl 
FIRE 

Sites Fi den 
[#I 

ERR 
.ERR 

5.6 0.00 
ERR 

0 5.6 0.00 

ERR 
ERR 
ERR 
ERR 

0 0.0 ERR 

ERR 

I 
ERR 

ERR ERR 

HARVEST 
Sites Ham77 den 

[#] [.c~a] [Idscplu '1 

ERR 
ERR 

7.2 0.00 
ERR 

0 7.2 0.00 

Sites Ha1776 den 
[#I [m] [ldqml 

ERR 
5.4 0.00 

1 11.0 58.18 
ERR 

1 16.4 39.02 

ERR 
0 0.0 ERR 

6.4 - 1 "1 ERR 
ERR 

I 163 39.26 2 40.1 31.92 3.1 0.00 

ERR 
0 0.0 ERR 

ERR ERR 
- 3.0 0.00 72.9 0.00 

3 219.0 8.77 4 199.8 12.81 

'ERR 
111.8 0.00 

1 2412 2.65 

1.1- 0.00 
1 23.8 26.89 

ERR 

I 
ERR 

E R R 0  

0 1.1 0.00 
2 53.0 24.15 

ERR 
0 0.0 ERR 

ERR 
0 - '  3.1 0.00 

0 0.0 ERR 
0 0.0 ERR 

0.0 ERR 

ERR 
251.9 0.00 

4 . 368.5 6.95 

ERR 
3.6 0.00 
0.9 0.00 

ERR 
ERR 
ERR 

0 0.0 ERR 
0 0.0 ERR 

16.7 0.00 ERR 
3 238.7 8.04 4 2727 939 

4.6 0.00 ERR 
ERR 

3.0 0.00 27.1 0.00 ERR 

ERR 
0 0.0 ERR 

0 a 0  ERR 
0 439.6 0.00 

12 1,028.5 . 7.47 

ERR 
02 0.00 
82.4 0.00 

ERR 
1 353.0 1 - 8 1 .  

1.6 0.00 156.8 0.00 0 158.4 
38.8 

ERR 
96.2 0 .  2 6 0.94) 2 - 1,498.1 ERR 

10.2 0.00 91.2 0.00 237.4 0.00 0 3493 0.00 0.7 0.00 

ERR ERR 
0 4.5 0.00 0 129 0.00 

22.9 0.00 
4 6433- 3.98 

ERR 
ERR 

54.9 0.00 

ERR 
0 75.0 0.00 

6.2 0.00 0.6 0.00 
0 19.2 0.00 0 49.6 0.00 

0.8 El 5.6 0 
0 ERR 

ERR 
1032 0.00 1 20.9 30.62 1 174.9 3.66 2 353.9 3.62 39.2 0.00 

0 39.6 0.00 
12. 1,507.7 SO9 

2.5 0.00 
0 85.1 - 0.00 

ERR 
0 723.6 0.00 

ERR 
0 189.0 0.00 

8 
Total 269.1 

1.5 0.00 2.4 0.00 
0 56.4 0.00 0 106.4 0.00 

0 ERR 
ERR 

2 150.0 8.53 

0 0.0 ERR 
0 816.0 0.00 

8.0 0.00 
2 1,762.8 0.73 

ERR 
0 0.0 ERR 

ERR 
1 223 28.70 

0 14.8 0.00 
2 2,020.6 - 0.63 

ERR 
0 0.7 0.00 

7.8 0.00 
1 1883 3.40 

0 11.7 0.00 
2 373.4 3.43 

0.3 0.00 
0 39.5 0.00 



walker. 123 11/12/98 

10 0-2000 
10 20004000 
lb 40006000 3.1 0.00 0.8 0.00 8.3 0.00 1 33.4 19.16 1 45.6 14.04 ERR 
10 %OOO ERR ERR ERR ERR 0 0.0 ERR ERR 

Total 0 4.5 0.00 0 11.6 0.00 0 36.7 0.00 11 946.1 7.44 11 998.9 7.05 0 0.0 ERR 

11 0-2000 ERR ERR ERR ERR 0 0.0 ERR ERR 
11 20004000 ERR 0.1 0.00 0.8 0.00 1 15.8 40.51 1 16.7 3832 ERR 
11 40004000 1 18.7 34.22 4 57.1 44.83 1 5.2 123.08 4 105.7 24.22 10 186.7 34.28 10.9 0.00 
11 >6000 ERR 0.4 0.00 ERR 1.4 0.00 0 1.8 0.00 ERR 

Total 1 18.7 34.22 4 57.6 44.44 1 6.0 106.67 5 122.9 26.04 11 2053 34.31 0 10.9 0.00 

12 0-2000 ERR ERR ERR ERR 0 0.0 ERR ERR 
12 20004000 ERR ERR ERR ERR 0 0.0 ERR ERR 
12 4000-6000 ERR ERR ERR ERR 0 0.0 ERR ERR 
12 %OOO ERR ERR ERR ERR 0 0.0 ERR ERR 

Total 0 0.0 ERR 0 0.0 ERR 0 0.0 ERR 0 0.0 . ERR 0 0.0 ERR 0 0.0 ERR 

13 0-2000 ERR ERR ERR 39.0 0.00 0 39.0 0.00 ERR 
13 20004000 ERR ERR ERR ERR 0 0.0 ERR ERR 
13 4000-6000 ERR ERR ERR ERR 0 0.0 ERR ERR 
13 %OOO ERR ERR ERR ERR 0 0.0 ERR ERR 

Total 0 0.0 ERR 0 0.0 ERR 0 0.0 ERR 0 39.0 0.00 0 39.0 0.00 0 0.0 ERR 

Totals: s- 4 819.3 3.3.U 30 5,099.7 3.76 51 7,370.1 4.43 2 3013 4.25 

KEY 

fire within fire bum intensity = H or M [from Hog, Fire87, Dillon, Specimen fires] 

harv77 outside H or M fin bum intensity 
within harvested area YOUNGER than 1977 [includes NS, OR, SW] 

haw76 outside H or M fire bum intensity, within harvested areas OLDER than 1977 

none within "undisturbbd" area; outside H or M fire bum intensity, 
outkde hanrested area [old @re-1977) or new (post-197711 

f i h a r v  within fire bum intensity H or M and 
w 

within "newly" harvested area jyounger than 1977, NS] 
I? 
m 



FLOOD EFFECTS 
BY WATERSHED 

Watershed Name 

I 

ERFO SITES SLIDES ALTERED CHANNEL 

acres 
[watershed] 

altered 
[mi] 

slides/ 
sqmi 

acres 
~ p h o t o a ~ ~ l  

road 
miles 

#of 
slides 

% 
altered 

rd mil 
sqmi 

lmaltered 
[mi] 

# o f  
sites 

total 
[mi] 

density 
[alteredmi 
/qd] 

sites/ 
sqmi 

sites/ 
rd mi 



FLOOD EFFECTS SLIDES ERFO SITES 
BY WATERSHED 

slides1 acres road rd mi/ # of sites/ 
Watershed Name m i  -hed]/ miles 1 sqmi 1 sites 1 sqmi 

Franklin Reach Scott 6,447 2 0.20 6,447 9.3 0.93 0.00 
Gates Reach Wooley Cr 6,025 1 0.11 6,466 0.6 0.06 0.00 
Granite Creek 7.525 9 0.77 7.525 0.00 - 0.00 

sited 
rd mi 

ALTERED CHANNEL I 
a l ~ ; ~  7:rd " % I 

[altoredmi altered 
I mi 



FLOOD EFFECTS ERFO SITES ALTERED CHANNEL 
BY WATERSHED 

Watershed Name 



FLOOD EFFECTS EKFO SITES ALTERED CHANNEL 
BY WATERSHED 



Acreage Adiustments: 

Watersheds were adjusted. 
to include acres within the 
photo coverage, but outside 
the Forest, & hence outside 
the area of Forest GIs coverages. 

Adjustments were &o made to 
include areas within the Forest, 
yet outside the "clipped" photo 
area [i.e., along the margins] 

Summary amounts - flood-altered channnel [entire Klamath westside]: 

Miles of "new" [unmapped] channel: 120.2 1 
Miles of "old" [mapped1 channel: 389.74 

Total miles of altered channel: 509.95 



n O O D  EFFECTS ALTERED CHANNEL 
BY WATERSHED 



FLOOD EFFECTS 
BY WATERSHED 

Watershed Name 
[field] 

ALTERED CHANNEL 

altered 
[mi] 

ERFO SITES SLIDES 

unaltered 
-[mi] 

acres 
[waterahdl 

rd rnU 
sqmi 

road 
miles 

slides1 
sqmi 

acres 
[photoaren] 

total 
[mi] 

#of 
slides 

#of  
sites 

density - 
[dtercdmi 

~qd] 

% 
altered 

sited 
sqmi 

sites1 
rd mi 



I 11. SLOPE AND CHANNEL PROCESSES AND 
FEATURES (TERMINOLOGY) 

I Hillslope Processes 

During the flood of 1997, a fill range of hillslope and channel processes played a role in 
mobilizing, transpcjrting, and depositing sediment throughout the Klamath National Forest. In this 
report, the terms "flood processes" are used to include all of the processes which interacted to 
produce the effects visible across the landscape following the flood. This includes hillslope 
landsliding, debris flows down channels, and flooding. The landslide and flow terminology in this 
report describing those processes is modified from Pierson and Costa (1987), Bates and Jackson 
(1 987), and Cruden and Varnes (1 996). 

Terminology 

(1). Slumps and Earthflows- Deep, slow moving landslides which, move by slide processes 
(slump and translation), and to a lesser degree, flow processes, as in earthflows. Depths typically 
ranged from 20-100 feet, and the material involved in failure bsually consisted of colluvium and 

' 

landslide deposits, but some included bedrock. Velocities, (movement scale from Cruden 
&Varnes 1996) typically range from extremely slow (16 mdyr) to very rapid (3 dmin). Flood- 
related slumps and During the earthflows ranged from small fractions of a acre to about 40 acres 
in area. Typically, the vegetation growing on these landslides survives the movement, though it 
may be damaged. In most cases, these landslides were observed to have formed on older 
landslide deposits, sometimes involving reactivation of the entire ancient landslide. Several of the 
reactivated slumps and earthflows had particularly important effects on channels downstream, in 
Walker, Tompkins, Kelsey, Grider, and Thompson Creek watersheds. Some of the reactivations 
occurred in areas where landslide features were prominent and little-eroded, whereas others 
occurred where original landslide features were very subtle due to post-sliding erosion. 

At higher elevation, landslide deposits typicaily form gentle slopes near ridgecrests, with very 
steep channels below them. Reactivation of slumps and earthflows in this setting generated large 
debris slides. These debris slides typically formed at the toes of dormant landslide deposits. 
They were very fluid, and immediately evolved into debris flows, making them capable of 
traversing long stretches of gentle terrain to reach steep streamcourses (Morgan Creek). Once 
they reached channels, they mobilized additional bed and bank material. In bedrock channels, 
there was little debris available, but in alluvial reaches or areas where channels traversed landslide 
deposits, large volumes of material were mobilized. This mobilized bed material often greatly 
exceeds the volume of the initiating landslide. For example, in Walker Creek, one debris slide, 90 
feet wide x 150 feet long x 8 feet deep = 4,000 cubic yards (landslide #---) mobilized about 
280,000 cubic yards of material (triangular cross section 100 feet wide and 50 feet deep and 3000 



3 5 

feet long) as traveled down a faint draw. This debris flow created a 50 foot deep gully which 
triggered a large slump on the left bank (landslide # ---). A large slump in lower Kelsey Creek 
(Landslide # ------) has mobilized several hundred thousand cubic yards of material, most of 
which still remains on the hillslope. 
At lower elevations, these features tended to move on the order of inches or feet, and in some 
cases the toe enchroached on streams and rivers, such as in the case of the Benjamin Creek 
Landslide along the Klamath River. 

Road cut failures were a common type of slump which occurred, ,but were usually small, and 
deposited material on the road bed. 

(2). Debris Slides- Shallow, rapidly-moving landslides which exhibit a continuum of slope 
processes, ranging from sliding (slump and translation) to flow and avalanche processes. Many 
evolve into debris flows as they travel down slope. They are most often much shallower than 
slumps and earthflows, and are limited to the soil or colluvium, but some were observed to 
involve bedrock. Depth usually ranged from 5-30 feet, but some were deeper. They move much 
more rapidly than slumps and earthflows, with velocities ranging from very rapid (3 dmin) to 
extremely rapid (>5 dsec). Most of the debris slides were much smaller than the slumps and 
earthflows, and average about less than % acre in area, with the largest occupying about 2 acres. 
In  most cases, all vegetation is stripped from the landslide site, leaving a barren scar on the 
landscape. One of the most common settings for the 1997 debris slides was on toe zones of 
dormant slump and earthflow deposits, as well as the toe zones of slumps and earthflows which 
were reactivated in 1997. As previously mentioned, several of these debris slides generated 
particularly large debris flows with channel-altering effects. Other common settings were on 
steep (>65%) swales in areas of sandy soil with little cohesion, and also on artificial embankments 
(road fills). Debris slides originating in road fills generated some very large debris flows, such as 
in the headwaters of McCash Creek. Some of these debris slides originated in subtle swales with 
slope gradients of only 60%. Overflow from Ukonom Lake also generated a large debris slide. 
Debris slides in shallow soil were observed in Deep Creek, Walker Creek, South Russian, 
Tompkins, and Rancheria Creeks. A large propoportion of these were within harvested or 
burned areas. Road fill failures are a special case of debris slides where the failing material is 
primarily artificial embankment. They range from a few cubic yards in volume with little 
watershed effects to large features which formed debris flows. Some failures of small fills were 
observed on plantation terraces in Rancheria Creek. Debris slides were activated along many of 
the larger channels which experienced debris flows, due in part to the undercutting effect of the 
debris flows. 

In actuality, most landslides investigated in the field are actually complexes and exhibit all types of 
landslide processes. One of the most common types includes slumpldebris slide processes. 

(3). Debris Flows- Plastic flows of sedimentlwater slurries which usually travel through channels, 
but may also traverse hillslopes away from channels. They move at rates which range from very 
rapid (3 dmin)  to extremely rapid (>5 rnJsec). Most of the 1997 debris flows were generated by 

I 
I 
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debris slides. Some debris flows appear to have been initiated by mobilization of channel bed 
sediment alone, and lack discrete initiation sites. An important characteristic of debris flows is 
the high density of the slurry which provides a buoyant force capable of floating large boulders. 
This greatly increases the transport and erosion power of the event. Debris flows typically 
removed or damaged most of the riparian vegetation adjacent to steam courses, and in several 
instances, cut deep gullies on hillslopes. 

(4). Hyperconcentrated Stream Flow- Flow in which sediment concentration has reached a level 
(20-60 percent by volume) which causes it to be slightly plastic, but still appears to flow like a 
fluid. The onset of yield strength has important implications to sediment transport. To the 
observer, the only difference from stream flow would be a marked dampening of turbulence. 

(5). Stream Flow- Flow of water or waterlsediment mixture which behaves like a liquid to the 
observer. 

(6). Surf'ace Erosion and Gullying- The mobilization and transport of soil, usually less than few 
feet deep by raindrop impact, sheet wash, rilling, and gullying. 

(7) Cumulative Watershed Effects- The accumulation and interaction of multiple events in a 
watershed over time and space, in particular, hydrologic interactions. 

, . 

111. MAJOR LANDSLIDES 

A. KELSEY CREEK 
1. Kelsey Slump Outplant Site 
2. Kelsey Slump Old 
3. Cayenne Ridge Sluinp 
4. North Fork Kelsey Slurry at Road 

B. DEEP CREEK 
1. Deep Creek Slump. 

C. TOMPICINS CREEK 
I .  Tompkins Slurry. 

D. WALKER CREEK 
1. Walker Headwall Slump. 
2. Walker Big Slump. 
3. Walker Gully. 



D. GRIDER CREEK 
1 .  Rancheria Debris Slide on slump toe zone. 

E. THOMPSON CREEK 
1 .Morgan Creek Forked ~ e b r i s  Flow (slump, debris slide, debris flow). 
2. Thompson Timbered slumps 

I?. UKONOM CREEK 
1 .  McCash Debris flow 
2. Ukonom Lake Debris Flow 
3.  Flems ? Fork 

G. ELK CREEK 
1 .  Granite Creek Debris Slide (Tichner Peak) 

IV. PERF'ORMANCE OF ENGINEERED 
SLOPE S!~ABILIZATION STRUCTURES 
~bsebations by Ed Rose- The following list is based on cursory site visits while doing other field 
work and word of mouth descriptions from Forest personnel. 

1) Cellular Earth Wall (corrugated aluminum can wall) on Beaver Ck. Road just before W. Fork 
of Beaver Creek. Structually intact. Corrugated aluminum face of wall was punctured with holes 
(max. hole size approx. 1.5' dia.) from logs and debris banging into it during high flows. Some 
material was lost out of holes but doesn't appear to have affected wall. Holes will be patched by 
placing corrugated aluminum over holes. Further investigation needed at this site. 

2) Hilfiker welded wire retaining wall on W. Fork Beaver Creek. Structually intact. No damage 
from "97'storm". 

3)  Fabric reinforced fill (1 : 1 face) on W. Fork of Beaver Creek. Constructed in 199 1. Failure of 
appoximately 113 of face of wall in "95 storm". This face was patched by Fruit Growers in 
summer of 96. They put rocky material on the face to prevent hrther failure and erosion. The 
rocky material was washed away by the "97 storm and small amount more of failure occured on 
the face. The road hasn't been affected yet. Failure may be a combination of things; I )  slope was 
a bit steeper than 1 : 1 in failed section, 2) The material (Condrey mtn. schist) the fill was made of 
has extremely poor shear strength and is not very suitable for use as structural fill even if 
reinforced, 3) The reinforced fill is near the toe of a very large earth flow that may have had some 
localized movement in the fill area. Not sure yet how to affect a repair to this site. 
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I 4) Fabric reinforced fill (1: 1 face) on the "Sidewinder road". Constructed in 1995.. Structually 
intact. Casual observation has shown no damage from "97 storm". 

I 5) Fabric reinforced fill (1.25: 1 face) on the South Fork Indian Creek road. Constructed in 1996. 
Small, amount of settlement of road on upper end of fill and small failure of material approximately 

I 10 feet below foundation of fill otherwise structully intact. 

6) Rock fill just above reinforced fill on South Fork Indian Creek road. Constructed in 1996. 

I Complete failure of rock fill and road during "97 storm". 
Rock fill was temp. measure to get road width and it was not founded below active slide plane. 
Road again was opened recently in similar manner to access ground above site. Final fix will have 

I to be found on stable material below slide plane or fix by reducing load at what appears to be 
head of slide (road prism). 

I 7) Drained rock fill on Hungry Creek road. Constructed 1996. Haven't seen site but George 
Hahn said it weathered the storm. 

I 8) Rock fill on Beaver Ck. road. ~onst'ructed 1992? Structurally intact. 

I 
9) Hilfiker welded wire retaining wall on 44N45 Boulder Ck. road. Constructed 1995. 
Structurally intact. The scarp of a small landslide has its head just at the foundation of the upper 
end of the wall in an approximately 10' location. No effect on the wall. Will keep an eye on it. , 

I 10) Two fabric faced retaining walls in Stanza Creek area. Talked to Harold Buma and he said 
they held up fine. There was some road drainage that threatened to erode one edge of the wall but 

I 
he corrected it. 

11) Hilfiker welded wire retaining wall on Elk Creek road. Structurally intact. 

I 12) Geogrid reinforced fill (1.25: 1 face) and fabric reinforced buttress fill (1 : 1 face) on Beaver 
Ck. road. Constructed 1996. Structually intact. Minor failures on face. 

I 13) Hilfiker welded wire wall on S. Russian road, 40n54. Structurally intact. Minor erosion of top 
of fill on about a 2 foot section. 

,I 14) Rip Rap Channel Bank Protection on Upper South Fork Salmon River at Big Flat 
Campground. 

I 
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Effects of the 1997 Flood on the Klamath National Forest: 
Influences of Physical Factors and Recent ~isturbances - 
Fire, ,Timber Harvest, and Roads 

Juan.de la Fuente and Don Elder (Klamath National Forest, 13 12 Fairlane Rd, 
Yreka CA 96097; 91 6-842-6 13 1; delderlr5-klamath@fs.fed.us) , 

Physicallattributes of the landscape and pre-flood ,disturbances to, vegetation and 
soil played important roles in the distribution and effects of landslides. Landslide 
density averaged 0.23 landslidedsq krn across the landscape. Concentrations 
occurred on slump and earthflow deposits (0.3 1 slidedsq km), as well as on slopes 
greater than 65% in plutons (0.29 slidedsq km), and at elevations from 1,200 - 
1,830 m (.42 slideslsq km). Landslide densities in disturbed areas were as follows: 
timber harvest = 1.16 slides/sq km; fire = 0.77 slideslsq km; within 60 m of a road 
= 0.42 slideslsq km. 
The storm of 12-26-96 through 1-3-97 delivered up to 43 cm of precipitation to 
parts of the study area. At the onset of the storm, the snowpack was slightly 
above average and extended down to about 1,000 m in elevation. The wann storm 
produced rain up to 2,400 m in elevation. One statidn recorded 13 cm in the last 
18 hours of December 3 1. Total precipitation for December ranged from 1.7 to 
4.2 times the norm for that month. Estimates of recurrence intervals for 1997 peak 
stream flows range from 9 to 37 years, e.g., Scott River = 14 yr; Salmon River = 

37 yr; Klamath River at Orleans = 18 yr. Peak flows ranged from 5 1-84% of the 
1964 flood (largest on record). 
Landslides, debris flows, and channel modifications, were concentrated in a 
SW-NE trending band, which was about 32 km wide by 64 km long. To date, 
infrastructure damage exceeds $22 million. Effects were greatest in the Walker, 
Grider, Elk, Tompkins, Kelsey, Deep, and Ukonom watersheds. Debris flows 
were typically initiated by landslides at elevations in excess of 1,200 m. These 
flows scoured upper channel reaches, removed riparian vegetation, and deposited 
sediment and large logs in lower reaches. Field-based investigations are being 
conducted to assess possible causeleffect relationships and to develop road 
management guidelines. 
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ABSTRACT 
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The Debris Flows of August 20, 1997 in Whitney and Bolam Creeks, Glacially-fed Streams on the 
Northwest Flank of Mount Shasta Volcano, Northern California. ' 

Juan de la Fuente, Don Elder, Polly Haessig, Abel Jasso, Peter Van Susteren, Bill Bachrnann, 
John Chatoian 

On August 20, 1997, debris flows occurred in Whitney and Bolam Creeks. They coalesced, and 
deposited debris on the alluvial fan to a maximum distance of 20 km to the NW of the summit of 
Mt. Shasta. The debris flows were preceded by several days of warm weather followed by a 
storm which produced heavy rain to the mountain summit on the evening of August 19, triggering 
the event. During the storm, Weed, CA, located 13 krn west of Whitney Glacier, received 4.4,cm 
of rain on August 19-20. The debris flow buried a 600 m section of CA Highway 97 to a depth of 
about 1.5 m, flooded houses and agricultural lands, and introduced sediment into a water ditch. 

TheWhitney Creek debris flow originated in three channels along the terminus of whithey Glacier. 
Deep new channel scour occurred below Whitney Falls, and formed a vertically-walled chasm up 
to 15 m wide and 10 m deep. A single sample taken from the moving debris flow yielded a 
density of 2.0 gramslcu. cm. The Bolam Creek debris flow originated at two locations along the 
terminus of Bolam Glacier, and traveled down two separate channels. Below Coquette Falls, 
Bolam Creek cut deep new channels in its floodplain, but also deposited debris where channels 
overflowed. Boulders up to 5 m in diameter were moved, and the Bolam Creek trailhead was 
buried to a depth of 1.5 m. 

During this century, debris flows in Whitney Creek have been documented in 191 9, 
'35,'52,'60,'77,'85,'94, and '97, and at Bolam Creek in 1935, '55, and '73. The 1935 event was 
probably the largest this century. Most have been associated with glacial melting, and some, such 
as the 1935 event, with melting plus summer rain. Field observations of debris deposits, and mud 
marks on confined channel walls above Whitney Falls and at the Highway 97 crossing indicate 
that the 1997 event was similar in magnitude to the 1985 event, and larger than the 1994 event. 
Debris flow processes were recorded on video tape, documenting in-filling, and re-incision of 
channels. Resulting deposits usually exhibit a convex transverse profile, with channels often 
located at the crest of the deposit as posed by Blodgett and others in 1996. Debris flow activity 
was limited to areas previously identified as high hazard for this process. In two cases, the debris 
flow followed old roads on the fan. Despite the sparse population in this area, summer debris 
flows constitute a persistent hazard in' the long term. 
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The Debris Flows of 1997 on the   la math National Forest, Central 
  la math ~ountaiks ,  CA: Older Landslide Deposits as a Major Source 

By: Juan A.de la Fuente, Don R. Elder, Kenneth Baldwin, ~ i l l i am P. Snavely. U.S. Forest 
Service, Klamath National Forest, 13 12 ~a i r l ane~oad ,  Yreka, CA 96097. 
Telephope 53 0-842-6 13 1 

Following the flood of January 1, 1997, more than 900 landslides were mapped in a 356,000 
hectare study area. Abundant debris flows modified stream channels and damaged roads. Most 
debris flows were initiated by landslides situated in two geomorphic settings: (a) toes of older 
landslide deposits; (b) steep colluvium-filled hollows. Published accounts of the I997 flood in 
northern California, indicate that most debris flows originated'in colluvium-filled hollows. In 
contrast, the majority of the large debris flows in the study area developed on landslide toes. 
Quaternary landslides (slumps, earthflows, block glides) form thick deposits occupying about 
25\% of the study area. They are concentrated in the schists of the Rattlesnake Creek and 
Condrey Mountain geologic terranes, and are also abundant in serpentinite areas, but are rare in 
plutons. Along the distal margins, these deposits typically retain original morphological features 
such as the toe as described by Varnes (1978). In longitudinal profile, most are benched, due to 
the presence of multiple nested landslides. The steep slopes separating benches consist of toes or 
head scarps of smaller internal landslides. The term "toe zone" is applied here collectively to the 
steep (45-100\ %) slopes along the distal margin of landslide deposits, as well as to the steep 
internal toes and scarps. This landform is unstable due to the fact that it is formed of weak, 
unconsolidated landslide debris, is steep, and is frequently the site ofemerging springs. The toe 
zones which produced the most destructive debris flows were in headwaters at elevations of 
1370-1680 meters. Most of these debris flows were initiated by reactivated slumps. Some were 
able to traverse gentle benches then continue down steep channels. The incidence of 1997 
landslides on roaded and de-vegetated toe zones is much higher than on those which are 
undisturbed. Due to its sensitivity to soil and vegetative disturbances, accurate mapping of this 
landform is essential to sound forest management. This is being accomplished with field work, 
air photos, 30 meter digital elevation models (DEM's), and high resolution laser-generated 
DEM's 
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~ffects  of the 1997 Flood on the Klamath ~ational' Forest: Influences of physical Factors and 
Recent Disturbances - Fire, Timber Harvest, And Roads 
By: Juan de la Fuente and Don Elder 

The storm of 12-26-96 through 1-3-97 delivered up to 17 inches (43 cm) of precipitation to parts 
of the Klamath National Forest. At the onset of the storm, the snowpack was slightly above 
average and extended down to about 3500 feet (1 100) m in elevation. The warm storm produced 
rain up to 7200 feet (2,400 m) in elevation. One station recorded 5 inches (13 cm) in the last 18 
hours of December 3 1. Total precipitation for December ranged from 1.7 to 4.2 times the norm 
for that month. Estimates of recurrence intervals for 1997 peak stream flows range fiom 9 to 37 
years, and peak flows ranged from 5 1-84% of those measured for the 1964 flood (largest on 
record). . 

Physical attributes of the landscape and pre-flood disturbances to vegetation and soil (roads, 
timber harvest, wildfire) played important roles in the distribution and effects of landslides. * 

Landslide density averaged 0.59 slides1 sq. mi. (0.23 slideslsq km) within the air photo boundary 
shown on Map 2, and 0.26 slideslsq. 10 slideslsq. km.) on undisturbed land. 
Concentrations occurred on slump and earthflow deposits 0.80 slideslsq. mi. (0.3 1 slideslsq km), 

' 

as well as on slopes greater than 65% in plutons 0.75 slideslsq. mi. (0.29 slideslsq km), and 1.09 
slideslsq. mi. (.42 slideslsq km). at elevations from 4,000-6,000 feet (1,220 - 1,830 m). Highest 
densities on landslide deposits considering elevation were at 4,000-6000 feet, where there were 
1.70 slides/sq.mi.. Landslide densities in disturbed areas were as follows: timber harvest = 1.86 
slideslsq. mi. (0.72 slideslsq km; fire = 2.03 slideslsq. mi. 0.78 slideslsq km; within 50 feet (15 m) 
of a road = 7.34 slideslsq. mi. (2.83 slideslsq km). Considering geoinorphology, elevation, and 
disturbances, slide density was highest on dormant slide deposits at elevations 4,000-6,000 feet, 
and burned in wildfire (7.4 slides/sq.mi. For road corridors on landslide deposits at 4,000-6,000 
feet, the rate was 1 1.5 1 slides/sq.mi. In the Walker Creek watershed, this rate was 91.87 
slideslsq. mi. 

Landslides, debris flows, and channel modifications, were concentrated in a SW-NE trending band 
across the Forest, which was about 20 miles (32 km) wide by 40 miles (64 km) long. This pattern 
cannot be projected beyond the boundaries of the forest at this time due to lack of comparable 
information in adjoining areas. To date, infrastructure damage exceeds $ 22 million. Effects on 
the Klamath National Forest were greatest in the Walker, Grider, Elk, Tompkins, Kelsey, Deep, 
and Ukonom watersheds. Debris flows were typically initiated by landslides at elevations in 
excess of 3600 feet (1200 m). These flows scoured upper channel reaches, removed riparian 
vegetation, and deposited sediment and large logs in lower reaches. Field-based investigations are 
being conducted to assess possible causeleffect relationships and to develop road management 
guidelines. 



VI. DISCUSSION 
4 ,  

A. RATIONALE FOR CONCLUSIONS' 

Precipitation and Stream Flow 

1. Magnitude of Flood Effects- The 1997 flood was a large event, producing landslides and 
channel alterations similar to that of the most recent major storm (1974). However, effects were 
considerably smaller than those associated with the 1964 flood, the largest on record for this area. 
In 1997, only a few watersheds, such as Walker, Elk, Ukonom, Deep, Grider and Tompkins 
Creeks experienced the same level of effects produced by the 1964 Flood across most of the west 
side of the Forest. The 1964 flood had considerable effects on the Salmon River watershed, 
whereas, the 1997 flood had very localized effects, primarily in the Upper South Fork. 
2. Cells of Intense Precipitation- Though not apparent in precipitation or streamflow records, it 
appears that local cells of exceptionally high precipitation developed on the west side of the 
Forest during the storm. This conclusion is supported by the observation that: (a) Landslides, 
ERFO sites, 'and altered channels were concentrated in discrete areas on the west side of the 
Forest; (b) Watersheds experiencing the greatest effects shared physical characteristics (bedrock, 
geomorphology, topography etc.) and disturbances (roads, harvest, fire) with comparable adjacent 
watersheds which experienced only minor flood effects. (c) Localized intense cells were 
documented to the SE of the Klamath Forest by precipitation gages in the Sacramento River (Pit 
River Tributary) watershed. However, it remains possible that other factors, as yet unidentified, 
may have influenced the localization of effects. It is very important to determine if intense cells 
developed, since this has serious implications to interpreting how other factors such as 
geomorphology or roads and timber harvest affected flood effects. 
3. Predicting Future Flood Effects- Future floods are likely to produce landslides and channel 
effects in similar combinations of geomorphic setting and soillvegetation disturbances (roads, 
harvest, fire) as did the 1997 flood. However, the elevation zones experiencing the most severe 

a landsliding can be expected to vary by storm. For example, this flood assessment demonstrated 
that the 1997 storm exhibited the most severe landslide effects at higher elevations (>4000 feet) 
on the west side of the Klamath National Forest. However, this same event produced severe 
landsliding at lower elevations in the Ashland Creek Watershed (Rogue River watershed) to the 
NE, and in tributaries to the Sacramento River immediately east of Shasta Lake to the SE. 
Further, a recent landslide study on the Salmon River Watershed (Klamath River tributary), was 
able to establish that landslides associated with the 1964 flood were concentrated at elevations 
above 5,000, whereas landslides associated with storms from 1965-1975 were concentrated at 
elevations from 2,000 to 3,000 feet (de la Fuente and Haessig, 1993). Thus, variations in 
landsliding by elevation can be expected for fbture storms. These storms may be also produce 
similar variations in effects by bedrock and geomorphic terranes. 



Roads, Landings, Rock Pits and Waste Areas , ,  

5. Interactions Between Roads and ~ l o q d  Processes- Field observations revealed that roads 
had an important effect on flood processes in terms of changing local hydrology, soil properties, 
and mass balance. Some fairly obvious conclusions emerged regarding roads: 

(a) Roads by streams are particularly susceptible to damage (60% of ERFO sites), and such roads 
altered flood processes by trapping sediment, diverting streams, and contributing sediment; 
(b) Roads on landslide deposits initiated landsliding by undercutting toe zones or placing fill on 
the heads of slumps; 
(c) Numerous road fills on steep mountain slopes failed catastrophically and generated debris 
flows. 
(d) Roads concentrated on the same hillslope produced cumulative effects where where they were 
linked hydrologically. 

Timber Harvest and Fire 

8. The Effect of Timber Harvest and Fire on Landslide Rates- Landslides in de-vegetated 
areas occurred at a much higher rate (landslides per square mile) than in undisturbed areas. In 
fact, areas burned in the 1987 fire or harvested in 1977 or more recently occurred at a rate 6 times 
the undisturbed rate (excluding landslides in road corridors). Though we have a reasonable , 

understanding of how vegetation affects slope hydrology and soil properties, we cannot 
automatically attribute landslides in de-vegetated areas to the loss of vegetation, since landslides 
also occurred on undisturbed lands. albeit at a much lower frequency. However, the pronounced 
concentration of landslides in de-vegetated areas strongly suggests that an underlying cause/efTect 
relationship exists, but cannot be isolated at this level of analysis. 

Physical Factors & Interactions Influencing the Flood 

15. Flood Effects and Interactions- There is a strong correlation between the distribution of 
flood effects (landsliding and road damage sites) and physical attributes of the landscape. 

a. Bedrock Terranes- Landslide frequencies were very high in certain terranes (Rattlesnake 
Creek and Plutons). 
b. Geomorphic Terranes- Previously active landslides, inner gorges, and landslide deposits 
exhibited a high density of 1997 landslides. Debris slides from landslide toe zones generated 
debris flows and delivered large volumes of sediment to streams. 
c. Elevation- There was a pronounced concentration of landslides between 4,500 and 5,500 feet 
in elevation suggesting the influence of melting snow. The pattern of lower elevation landsliding 
on the Rogue River National Forest near mount Ashland was (Hicks, 1997) very different. 
Similarly, there were concentrations of landslides and debris flows in the Squaw and Winnibully 
Creek watersheds on the Shasta Trinity National Forest lower than 3,000 feet in elevation (Steve 



Bachmann, and Abel Jasso, personal communication, 1998). 
d. Slope Gradient- Landslides were concentrated at slopes steeper than 40%. 
e. Aspect- North and east aspects had considerably higher landslide concentrations than south and 
west, suggesting that snowmelt may have played a role and/or soil differences on north aspects 
may have influenced this. 

16. Combinations of Factors- Multiple factors influenced the damage patterns observed 
following the flood, but geomorphology (older landslide deposits), elevation, and disturbance 
(fire, harvest, road) appear to have exerted the greatest influence. These associations can be 
supported on the basis of process. New landslides commonly develop within older landslide 
deposits, since these are subject to reactivation. Elevation is directly linked to snow 
accumulation and melt, and also influences soil and geomorphic factors, as well as ,the potential 
for orographic effects on the storm. Disturbances such as roads are known to increase landslide 
rates through changes in slope hydrology, mass balance, and construction of unstable fills. De- 
vegetation by timber harvest or fire affects slope processes by changing infiltration, 
evapotranspiration, root support, wind loading, etc. In many cases, entire watershed catchments 
of dormant landslides were de-vegetated prior to the flood. Field observations in several 
watersheds revealed that large slumps and earthflows were mobilized within older landslide 
deposits, and generated debris flows. These landslides occurred high in the watersheds, most 
often above 4000 feet in elevation (see the Walker Creek example). Most of these landslides 
occurred in roaded areas which were either harvested or burned at high or moderate intensity ' , 

since 1987. There was a high debris flow incidence where granitic lands were burned #or logged. 

General 

18. Limitations of This Assessment- This is a preliminary reconnaissance level assessment which 
relies primarily on air photo interpretations and field sampling. It determines landslide densities 
(landslides per square mile) in road corridors, logged areas, and burned areas, and compares them 
to densities in undisturbed areas. This information allows preliminary conclusions to be drawn 
regarding the effect of roads, harvest and fire on landslide susceptibility. However, it does not 
establish the magnitude of the effect (total volume of sediment or miles of stream altered) 
produced by landslides originating on roads, logged areas or burned areas.' Neither does it prove 
that the roads, harvest or fire actually caused the landslides with which it is associated. It is 
important to consider that landslides are more visible on air photos within the de-vegetated road 
corridor and in logged or burned areas than on timber-covered hillslopes. This tends to inflate the 
density of landslides in open areas. Lack of air photo coverage on the SE side of the Forest, thus, 
some channel alteration such as on the south Fork of the Scott River were not identified. 
19. Extrapolation of Findings- Findings regarding the effects of roads on landslide and erosion 
processes have widespread application to the Pacific Northwest. However, associations between 
geologic and physical factors and landsliding may have more limited application due to the 
possibility that variations in storm intensity had a strong influence on patterns of flood effects. 
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Flood effects patterns reported on adjacent National Forests indicate similar road effects, but 
considerable difference in elevation zones displaying the most severe effects. This out the 
need for a Klamath Province level assessment utilizing similar data sets. It is clear that very 
different conclusions can be supported for the 1997 flood if different watersheds or river basins 
are included in the assessment. 
21. Data Sources- Small scale air photos (1 :40,000) taken after the flood provided quick, high 
resolution remote reconnaissance to be conducted across a large portion of the Forest. Similarly, 
Damage Site Reports completed by Forest Engineers provided extremely usebl information for 
all the road damage sites (more than 900 sites). These reports allowed us to strati@ sites and 
identi@ key problems, costs, and effects. Standardization of the data which are collected on 
Damage Site Reports and terminology across Forest boundaries would be extremely usehl on 
fbture floods. 

B. ROADS: THEIR EFFECTS ON FLOOD PROCESSES 

Road Effects 

Of the common human activities in forested lands, roads undoubtedly have the greatest effects on 
slope stability (Sidle and others, 1985). The primary effects are: 

(a) Effect on Hydrology- Roads affect hillslope hydrology by intercepting, concentrating, and 
rerouting surface and subsurface runoff with road cuts and ditches. They affect channel hydrology 
by modifjling channel configuration such as when fills at stream crossings create artificial dams 
which modify debris flow behavior, trap sediment and logs, and cause stream diversions. 

(b) Effect on Soil Properties- Roads affect the density of the soil and regolith by making some 
areas more dense than the natural soil (compacting road surfaces) and others less dense (sidecast 
road fills). Changes in compaction and density in turn affect permeability, with the road surfaces 
being less permeable than the natural soil, and sidecast fills generally more permeable. This 
decrease in density and increase in permeability of sidecast fills makes them prone to 
catastrophic failure on steep hillslopes. Roads mod@ slope gradients and steepen parts of the 
landscape (cuts and some fills), and make other parts more gentle (road .surfaces and some fills). 

I 

(c) Effect on Mass Bal ce- Roads affect mass balance by placing cuts and fills on hillslopes. The 
cuts remove weight, an fills add weight. This change in the distribution of mass on the hillslope 
can initiate landsliding. 

7 

Road Fills, Cuts, Surface Drainage 

Road fills, cuts, surface drainage were found to have had critical effects on flood processes 
irrespective of the local geologic or geomorphic setting. These effects are described below: 



(1) Road Fills- Road fills had three key effect on flood process: (1) By disrupting channel 
configuration at stream crossings, thereby creating dams when pipes clogged. In somescases, this 
caused deposition upstream, and in others, diverted flows to the road prism downstream. It also 
provided sediment to the stream when the fill failed or was eroded; (2) By placing fills on steep 
hillslopes, particularly in swales underlain by sandy soils. Such fills are less stable than the 
surrounding landscape and groundwater is concentrated there, plus road surface runoff is often 
delivered there causing many fill failures, and generating debris flows. (3) Fills placed on the 
head of slumps added driving force, and caused them to reactivate. Good mitigation technology 
exists to reduce the risk of fill failures. These include: controlled compaction during construction; 
subsurface drainage; fill reinforcement, and armoring where it is likely to be overtopped by future 
debris flows. 

(2) Road Cuts- Road cuts affected flood processes by intercepting subsurface flow, undermining 
slopes, and removing weight, thereby changing mass balance. Removal of weight fiom the toe 
zone of a slump can reduce forces which are buttressing the slope above, and cause it to fail. 
There are not many mitigation measures to reduce the risk of cut slope failure in steep terrain, so 
the most effective measure is avoidance. Buttressing with a retaining wall can be applied in , 

special cases instances, but the measure is too expensive to apply to an entire road. Similarly, 
horizontal drains can reduce the risk of failure on some sites.. The best mitigation measure to 
address the issue of intercepted subsurface flow is to make sure that the intercepted water 
continues down the slope it would follow naturally, and not d,ivert it from the site in a ditch. 
However, there may be special cases where water should be carried elsewhere. + 

(3) Road Surface Drainage- The road surface, inside ditch, and cross drains alter slope hydrology 
by conveying the water intercepted by road stream crossings, road cuts, and the road surface 
itself, and delivering it to new sites on the landscape. In-sloped roads with ditches in many cases 
intercepted and concentrated water, then delivered it to unstable sites, both on the surface, and by 
subsurface infiltration. In other cases, in-sloped roads received water from diverted stream 
crossings, and transported it to other sites, causing damage there. The road drainage system 
serves to extend the stream system, and make it more efficient in delivering water to the larger 
channels. In this way, it can influence peak flows and associated channel damage. Again, good 
mitigation technology exists to reduce the risk of water diversions caused by road drainage. 
These include positive dips in the road surface or rises (driveable water bars) were observed to be 
effective at preventing this problem. 

These three primary road components (fills, cuts, surface drainage) play different roles in different 
geotnorphic settings as described below. 

Geomorphic Setting 

It was found that roads had their largest effects on flood processes and also experienced the most 
damage in three geomorphic settings: (1 )  The stream channel environment where roads crossed or 
closely paralleled streams; (2) On older landslide deposits where roads undercut toe zones or 



loaded the heads of slumps; (3) on steep mountain slopes, where sidecast fills were dlaced in 
swales or large cuts made into hillslopes. 

(1) Stream Channel Environment- The high density of road damage sites (ERFO sites) in the 
vicinity of streams is due to the dynamic nature of the stream environment. Roads built there 
have to withstand peak stream flows and periodic debris flows which alternately scour the 
channel, erode the banks, and deposit sediment. Canyon walls are usually steep (inner gorge), 
and groundwater is naturally concentrated there during wet periods, making them prone to debris 
slides. Some stream channels coincide with active earthflows. All these factors tend to make the 
streamside environment dynamic and unstable. Road fills placed in stream channels obstruct the 
passage of sediment and logs, but are also susceptible to erosion themselves. When culverts 
become clogged, road fills often divert streamflow out of the channel and down the road. In very 
steep stream crossings, road fills failed catastrophically by debris slide processes, and generated 
debris flows. Road cuts into inner gorge slopes approaching stream crossings initiate cut bank 
failures and debris flows. Roads paralleling streams constrict the channel, and can be undercut by 
high stream flows and debris flows, and those on gentle floodplains were affected by flooding and 
deposition of sediment. 

(2) Landslide Deposit Environment- Ancient landslide deposits on the Klamath Forest have 
demonstrated a pattern of local reactivations during wet years such as in 1964, 1972-1 974, 1983, 
and 1997. Reactivations move by slump and earthflow processes, and may range from 0.5 to 200 
acres in size. If the reactivated slump has a prominent toe zone, it commonly sheds'debris slides 
which in turn generated debris flows. They are sensitive to changes in the distribution of mass on 
a hillslope, and to diversion and concentration of surface and subsurface runoff Drainage divides 
in dormant landslide terrane are typically very low, and as a result, streams can often be rerouted 
by a road prism. Some reactivations were initiated by placement of road fills on the head of 
dormant slumps. In others, road cuts into toe zones of slump and earthflow deposits failed as 
debris slides. The presence of road ditches along msny of the reactivated slumps suggests that the 
ditch contributed to reactivation by allowing water to infiltrate into the head of the landslide. In 
some cases, movement of the landslides dropped roads inches or feet, but in others, completely 
obliterated the road. About --% of landslide ERFO sites away from streams are on landslide 
deposits, and about --% of Stream crossing ERFO sites which involve landsliding are on landslide 
deposits. The geologic data layer does not identify all the landslide deposits, particularly those < 
5 acres in size. 

(3) Steep Mountain Slope Environment- Swales in steep mountainous terrain are often places 
which have experienced debris sliding in the past, and have been subsequently re-filled with soil 
and colluvium. Groundwater is commonly concentrated in these features. In dissected granitic 
terrane, these swales exhibit slope gradients of 60-90% and are unstable. Road fills placed there 
invite catastrophic failure by debris slide processes if not adequately compacted, strengthened, and 
drained. Also, the high road cuts necessary to build roads in steep terrain experience slumps and 
debris slides. Further, these high cuts intercept a large amount of subsurface water, and if the 
road is in-sloped, this water is then concentrated and diverted away from its natural flow path. 



Cumulative Effects 

Two primary types of cumulative effects relative to roads are addressed: 

(a) Dense Road System- This situation is where multiple roads, one above the other, cross the 
same hillslope, resulting in complex interactions between the roads and geomorphic processes. In 

I 
this setting, a simple debris slide on a hillslope can block a culvert, cause the road fill to fail, and 
generate a large debris flow which is capable of taking out any additional road crossings 
downslope. Another example is where a clogged cross drain diverts road drainage on to a 

I 
landslide, activating it and sending it down to the next road down the hill. I 
(b) Long In-sloped Road Segments Without Drainage Safety Valves- Long road segments with 
inside ditches hnction basically as artificial stream networks. Even though flow is interrupted by 
cross drains and small drainages, unusually high discharges or cut bank failures can cause multiple 

I 
cross drains to fail, and even allow water to bypass small stream crossings. In this situation, an 
entire stream can flow hundreds of feet down the ditch, and exit on a hillslope or in a totally 
different drainage. The term "cascade" was used on the Siskiyou National Forest as follows: "An 

I 
initial cause can affect another site, which in turn causes an effect at one or several additional , 

sites, which become causes of effects at hrther sites. This type of chain reaction is referred to as 
"cascading effects", or "cascades". The characteristics of sites that experienced a complex 

I 
. - - --. 

sequence of causes and effects:". This describes many of the effects observed on the Kiamath . 
Forest. I 
C. EFFECTS OF TIMBER HARVEST, FIRE, AND SITE 
PREPARATION 

Effects of Vegetation Removal 

Vegetation removal in itself affects slope and channel hydrology as well as soil characteristics, and 
to a minor degree, mass balance. Most of these effects increase landslide potential, but some 
reduce it. In the following section (modified from Greenway, 1987), adverse'effects on slope 
stability and soil erosion are indicated with a minus sign (-), and beneficial effects with a plus sign 
(1 .  Greenway focused exclusively on slope stability per se, while this list also addresses surface 
erosion and large vegetation which could affect debris flow behavior (presence or absence of large 
logs on a hillslope or in a channel). This assessment tracks regeneration harvest only (clearcut and 
shelterwood), and considers partially logged areas such as thinned areas as undisturbed. 
Removing vegetation has the following effects: 

Effects on Hydrology: a. Reducing eva'potranspiration rates (-); (b) Changing snow 
accumulation and melt rates (-); (c) Modifying peak, stream flows in snow zones (-); (d) Reducing 
the number of standing and down trees on hillslopes which in turn can modifjl the behavior of 
debris flows traveling down channels or across hillslopes. (-). 



I Effects on Soil Properties: a. Reducing the reinforcement and anchoring to rock or s;bsoil 
provided by tree roots (-); b. Reducing soil buttressing and arching (-); (c) Reducing the 

I wedging and loosening of soil by roots (+); e. Reducing wind stresses (+); (f) Increasing soil 
cover (timber harvest produces organic material (slash) which provides soil cover). (+). 

I Effects on Mass Balance: Reducing surcharge applied to hillslopes by standing and down 
vegetation. These effects are'relativeli small (+,-). 

I Effects of Yarding, Mechanical Site, Preparation, and Burning 

I 
Timber yarding involves the transport of timber from hillslopes with tractors, cables, or 
helicopters to truck landing sites. Tractor yarding on steeper ground sometimes requires 
constructed skid trails which are essentially small roads. Cable yarding is usually less disturbing 

I to the soil, but can created gouges when logs are not suspended above the ground. Site 
preparation involves preparing a site for planting by removing logging slash and brush. On gentler 
ground is done mechanically, that is, it is piled with tractors. In some cases terraces are 

I constructed on hillslopes to facilitate conifer regeneration, and these also are essentially small 
roads. On steeper slopes, site preparation is usually accomplished by burning. These practioes 
affect slope and channel hydrology as well as soil characteristics. 

I Effects on Slope Hydrology- 

I Yarding and mechanical site preparation affect slope hydrology as follows: (1) Intercepting, 
concentrating, and rerouting surface and subsurface runoff with cuts or cable yarding corridors (- 
); (2) Creating water repellant or hydrophobic conditions with site preparation burning (-,+); 

I Altering subsurface hydrology by providing subsurface water conduits when root systems of dead 
trees are burned. (-,+). 

I Effects on Soil Properties- 

I 
Yarding and mechanical site preparation affect soil properties as folows: (1) Yarding and 
mechanical site preparation affect the density of the soil and regolith by making some areas more 
dense than the natural soil (compacting skid trail surfaces) (+); and others less dense (sidecast 

I along skid trails) (-); (2) Changes in compaction and density in turn affect permeability, with the 
skid trail surfaces being less permeable (+,-) than the natural soil, and sidecast fills generally more 
permeable (-). This decrease in density and increase in permeability of sidecast fills makes them 

I prone to catastrophic failure on steep hillslopes; (3) Full bench skid trails and terraces steepen 
parts of the landscape (cuts and some fills) (-), and make other parts more gentle (skid trail 
surfaces and some fills) (+); (4) Site preparation removes logging slash, and thereby reduces soil 

I cover (-1. 



Mass Balance- 

Excavated skid trails, terracing, and extreme mechanical site prep can affect mass balance similar 
to roads (-,+), but effects are usually much smaller. 



APPENDIX C 
ROAD GUIDELINES 

I DEVELOPED IN RESPONSE TO THE 1997 FLOOD 

I 
KLAMATH NATIONAL FOREST 

*****FINAL: NOVEMBER 24,1998***** 

I 
INTRODUCTION 

The following guidelines apply8specifically to repair of flood-damaged roads, but are also intended 

I , ' 
to guide future new construction, decommissioning, and maintenance. They are a product of , , 

,what was learned during this investigation, and through discussions with Forest engineers, ,earth 
scientists, and biologists. This replaces the fall 1997 version of this document. which Has been 

I updated to incorporate comment received from Klamath Forest employees. 

- 
The guidelines provide a means of meeting Aquatic Conservation Strategy (ACS) Objectives, and 

I specifically address standards for roads in the Northwest Forest Plan (NFP). Relevant ACS 
objectives and NFP standards are attached at the end of Appendix C. The term "ERFO" used 
below stands for Emergency Relief, Federally Owned, and refers to flood damaged sites identified 

I by Forest Engineering personnel after the 1997 flood which qualifjl for emergency federal funds. 

Guidelines are presented in four categories: 
I 
I (1) Administrative Process Guidelines- These are recommendations on the administrative 

process used in ERFO repair, new roads, decommissioning, and maintenance. 

I (2) Road Repair Guidelines: Forest-wide- Guidelines which are intended to apply Forest-wide. 
(3) Road Repair Guidelines: By Geomorphic Setting- Guidelines directed specifically to three 

I 
geomorphic settings where most of the flood damage to roads occurred, stream crossings, 
landslide terrane, and steep mountain slopes. 
(4) Repair and Construction Guidelines for Waste Areas and Rock Pits 

I Most of these guidelines are already being applied to repair of flood-damaged roads. Uniform 
application across the Forest is strongly recommended on ERFO sites yet to be completed. 



I. ADMINISTRATIVE PROCESS 
GUIDELINES 
1 .  Meet Current Direction- Assure that ERFO site repairs are consistent with the Klamath 
Forest Land and Resource Management Plan, and the Northwest Forest Plan (NFP) Standards 
and Guidelines, and associated Aquatic Conservation Strategy Objectives (ACS). 
2. Use Interdisciplinary Teams- Assure that relevant disciplines are involved in all ERFO site 
assessments and repair design. For landslide repairs, compare the latidslide potential associated 
with no action to that of the proposed action. 
3. Use Multiple Funding Sources- While designing repairs for ERFO sites take the opportunity 
to upgrade problem areas or decommission roads utilizing additional hnds (non-ERFO) as 
available. Upgrading includes designing stream crossings to accommodate debris flows or 100 
year recurrence interval stream flows, improving fish passage, etc. Implement betterment as part 
of the ERFO program. Where possible, do the environmental assessment for the upgrade 
concurrent with the ERFO assessment and design. Focus on repairing, relocating, or removing 
roads posing the greatest risk for adverse effect on Riparian Reserve values. 
4. Identify High Risk Road Segments- Initiate a systematic forest-wide inventory of high . 
priority roads and identi@ stream crossing and landslide sites which pose a high risk of failure 
with high consequences to the watershed. A good example of such an inventory is a contract 
proposal submitted by the Klamath Forest to the California Department of Fish and ,Game on 11- ' 

5-98 (RoadIStream Crossing Inventory & Risk Assessment Klamath National forest - ' 

Westside). Consider these roads for upgrading and/or decommissioning. High priority roads are 
those in high value watersheds where aquatic habitat conditions are good, and where 
sedimentation and cumulative watershed effects are often issues. In areas with many stream 
crossing failures, evaluate those which survived the flood, but exhibit a high risk of failure in the 
future. Seek funds to repair, upgrade, or decommission these crossings. 
5. Apply Proposed Road Guidelines- Apply practices recommended in Appendix C as well as in 
the Klamath Forest Decommissioning white paper to road maintenance, upgrade, new 
construction and decommissioning. 
6. Develop a New Damage Site Report- In preparation for fbture floods, develop a new Damage 
Site Report form to standardize terminology, and to add some information on watershed effects 
and to be able to classifL sites into categories of causes, and effects. This will require close 
coordination between watershedlfish and engineering, and considerably more field involvement on 
the part of watershed personnel in collecting the data. 



11. ROAD REPAIR GUIDELINES: GENERAL 
These guidelines apply to ERFO repairs Forest-wide. 

1 .  Consider Relocating Roads in Riparian Reserves- Where road damage is within Riparian 
Reserves, consider relocating or decommissioning the road. Avoidance of unstable lands and 
Riparian Reserves is often the best policy. 
2. Identify all Causes of Failure- Assure that site assessments identi@ all factors which 
contributed significantly to the road failures at ERFO sites, and that repairs address these factors. 
For example, if diverted surface water contributed to saturation and failure of a fill, the repair 
must correct the surface diversion in addition to repairing the fill. 
3. Maintain or Improve Post-Flood Slope Stability- Assure that repairs ofERFO sites, both 
temporary and permanent, do not result in a situation which is inore unstable than the pre-repair 
condition, nor increase the risk of watershed degradation above the pre-repair situation. Avoid 
emergency, short-term road openings which would destabilize landslides, or jeopardize the 
permanent repair of any ERFO sites. Perform emergency road openings only where we can 
assure that the site will at be returned to post-flood (or more stable conditions) prior to the 
ensuing winter. 
4. Road Fills: (a) Design and Mnstruct stable fills utilizing appropriate compaction. 
reinforcement, and drainage. (b) For stream crossings and steep fills on hillslopes or in swales, , 

minimize the size of fills, and apply road repair guidelines described below for the stream channel 
environment and steep mountain slopes. 
5. Sidecast- Limit or prevent sidecast, particularly where sedimentation of landsliding is possible. 
Use excavators in doing earthwork where appropriate. 
6. Road Cuts: Design and construct stable cuts, using buttressing and drainage as appropriate. 
Avoid large cuts into wet, unconsolidated debris and toes of landslides. Apply guidelines 
described for cuts in steep mountain slope terrane. 
7. Road Surface Drainage: Outslope roads and install rolling dips so as to eliminate inside 
ditches wherever possible. Emphasize those with the potential to have greatest adverse watershed 
effects. Minimize the length of road segment capable of diverting water away fiom its natural 
course. This can be accomplished by lowering the fill at a stream crossing, or with prominent dips 
designed to handle deposition which commonly accompanies debris flows. Long stretches of 
inside ditch with cross drains are prime candidates. 



111. ROAD REPAIR GUIDELINES BY 
GEOMORPHIC SETTING 
Three geomorphic settings are addressed: (A) Near streams; (B) On landslide deposits; (C) On 
steep mountain slopes. Refer to Photos 5-8, and 97-27-6A for examples of each setting. The 
following information is presented for each setting: 

(1) Types of failure- The types of failure common to each setting are described. 
(2) Assessment Needs- Assessment needs are outlined for each setting, indicating which 
disciplines should be involved, and what critical assessments should be performed; 
(3) Objectives- Objectives (desired conditions for roads) are stated for each setting; 
(4) Guidelines- Guidelines for attaining desired conditions in each geomorphic setting are 
provided. 

This same information is also provided for rock. pits and waste areas (Item IV below). 

A. NEAR STREAM CHANNELS 

Roads in the vicinity of streams experienced damage at crossings, where they paralleled the a 

stream, and where they were on the 100-year floodplain. 

Types of Failure 

Road Stream Crossings- Stream Crossing Failures were by far the most common type of flood 
damage to roads, and comprise about 5 1% of all ERFO sites. In the Klamath Province, where 
debris flows are common processes in streams, it should be assumed that most culvert crossings 
will experience debris flows during their design life, and fail. As a result, repairs of damaged 
crossings should be designed to survive such events without failing catastrophically. In many 
situations, simply replacing the damaged culvert with a larger one may not be the optimum 
solution. Good technology exists to address most of stream crossing problems. 
Roads Paralleling Streams- Undercutting of roads paralleling and located near streams 
comprised about 8% of all ERFO sites, and were found to be important problems with high repair 
costs. Good technology exists (though it may be costly) to mitigate this problem. 
Roads on Floodplains- Flooding and inundation damage occurred where roads or facilities were 
located on the 100 year floodplain. Damages included water saturation, sedimentation, and scour. 
Less than 1% of ERFO sites are of this type. 

Assessment Needs 

Disciplines typically needed for assessments in the stream channel environment are, Engineering. 



I Hydrology, Fisheries, Geology, Geotechnical ~ngineering, and Biology. Floodplain situations 
frequently contain cultural resources, requiring Archaeological assessment. (1) For stream 

I crossing failures, assess the potential magnitude and frequency of debris flows. As a minimum, 
. utilize'existing data and reports on past debris flows (GIs layer developed for the Salmon River 

Sub-basins Sediment Analysis) and historical air photos. Assess the stability of the foundation. 

I For culvert replacement compute the 100 year flow using the standard USGS or other accepted 
technique. (2) For roads paralleling streams or on the 100 year floodplain, analyze the 
potential for future undercutting of the road, and flooding, and how the proposed repair will 

I affect the stream flow regime. Where these damage sites are on major travelways, landscape 
architecture assessment may be needed, as well as soils and botany if revegetation of the site is 
appropriate. 

Management Objectives (Desired Conditions) and ~uidel ines  

Objective #I: At road stream crossings, maintain natural channel configurations and processes, 
including floodplain'inundation, within the constraints of road design standards. Provide for 
passage of debris and logs during flood flows and debris flows. Provide low flow channel 
conditions which do not impede migration of aquatic species, and allow maintenance , , of water 
quality. 

Guiddine #I:, At road stream crossings, consider relocation, if not possible, minimize the 
change in the longitudinal and transverse profile along the stream (within road design constraints) 
which is caused by road fills. This can be done by designing a vertical dip in the grade at the 
crossing, and similarly, a horizontal inflection up into the stream (both within the constraints of 
road alignment standards). Design should include aggregate surfacing on steep grades necessary 
to dip into crossings. Suitable structures for meeting objective #1 include concrete fords, rock 
fills, or reinforced fills with hardened faces. At some sites, objectives can be best met with a 
bridge, in which case sharp vertical and horizontal kinks in the alignment are not needed. Large 
through-fills should be avoided, and rock and soil waste should not be deposited in channels or on 
floodplains. Where appropriate, prevent vehicles from driving through water during low flows by 
use of culverts, removable grates, etc. Designs optimizing debris passage can be detrimental to 
fish passage, so these two conflicting objectives need to be worked out by engineering and 
fisheries specialists. If the objective can't be met, consider relocation or decommissioning of the 
road. 

Objective # 2: Prevent drainage diversions at road stream crossings. 

I Guideline #2: Design road stream crossing repairs so that when a culvert fails, water will 
continue to flow down the natural channel, and will not be diverted elsewhere by the road. Some 

I streams have several channels which can transport a debris flow. Assure that this is addressed in 
the design. Lower the fill the maximum possible. Place dips in the road as appropriate near 
drainage crossings, or design a positive road grade leaving the crossing. Assure that designs 

I account for debris flow deposition which may occur at the site, in some cases raising the stream 



be by more than 10 feet. 

Objective #3: Assure that repaired road stream crossings are designed and constructed to 
accommodate debris flows and 100 year recurrence interval flood flows without failing 
catastrophically. Minimize the fine sediment contribution from fills at crossings to streams. 

Guideline #3: At road stream crossings: (1) Design and construct stable fills by applying 
appropriate techniques, such as controlled compaction, geotextile reinforcement, and subsurface 
drainage. Design criteria must include constructing fills so that they will survive 100 year flows, 
overtopping and debris flow impact. Armor the surface as appropriate, and minimize the height 
to facilitate the passage of debris over the top. Use wing walls where appropriate to facilitate 
passage of small debris; (2) Minimize the volume of fills (particularly the amount of fine 
material). The design details should be commensurate with the debris flow hazard (frequency and 
size) at the site. 

Objective #4: For roads paralleling streams and located near streams on floodplains, 
maintain natural high flow channels and floodplain inundation and bank erosion patterns. 
Minimize future fine sediment contribution from stream undercuts and further damage to road and 
structures while preventing damage to facilities in floodplains. 

Guideline #4: Minimize the size of fills and align them to betcompatible with flow patterns. 
Armor road segments threatened by undercut with measures such as rip rap or hard~faced 
retaining walls, and revegetate where soil conditions permit. Avoid constricting the channel or 

I 
diverting flows to unstable banks. Where use of rip rap would unduly constrict the channel, a 
steep hard-faced retaining wall may be a preferable alternative design, since it encroaches less on 
the channel. If the objectives can't be met, consider decommissioning or road relocation where 

I 
this can be done without destabilizing other slopes. I 
B. IN LANDSLIDE TERRANE 

Roads in landslide terrane typically, experienced failures associated with: (1) Road fills placed on 
the heads of slumps or earthflows; (2) Road cuts placed on toe zones; (3) Diverted surface or 
subsurface water; (4) Natural reactivation of large slumps and earthflows. I 

Types of Failure 

Landslides on road alignments away from streams made up about 18 % of all ERFO sites, and 
landsliding was a prominent slope process involved in about 50% of ERFO sites. Some were 
obviously triggered by the road, but others were probably little affected by the road. Types of 
failure included the following: (1) Road Fills on Head of Landslides- Fills on the heads of 

I 
landslides initiated slumping at many sites; (2) Road Cuts into Toe Zones- Shallow debris slides 
and larger slump/reactivation occurred in some areas where roads undercut toe zones; (3) Road 

I 



I Diversions of Surface or Subsurface Water- Changes in slope hydrology (diverted or 
concentrated surface and subsurface water) appear to have played an important triggering role in 

I 
numerous landslides; (4) Landslides Not Related to the Road- Many large landslides appear to 
have been little affected by the road and would have reactivated even if the road were not present. 

If not carehlly planned, repair of ERFO sites can have a destabilizing effect, even on the natural 
landslides. Good technology exists to address many of the road-related landslide problems. 
However, most of the larger slumps and eartMows cannot be truly stabilized. There are 
numerous situations where a large active landslide ,affects a road, and ERFO hnds will only pay 
to fix the portion which currently blocks road access. In these settings, future movement of the 
slide will likely remove the road, and decommissioning should be considered. 

Assessment Needs 

Site level geologic/geotechnicaI assessment is needed on all road repairs involving landslides and 
those in landslide terrane, since road work there may affect presently dormant landslides. In this 
way, the need for subsurface investigation can be determined, and specific designs can be tailored 
to individual sites. Engineering is also needed at all these sites, and in some cases Hydrologic, 
and Biologic ,skills are also necessary for assessment and design. The risk of continued slope 
failure under post-flood conditions should be assessed, and this risk compared to that associated 
with the proposed repair. In some cases, this will require factor quantitative factor of safety 
analysis. For large, complex landslides, it is essential to assess the likelihood that the landslide 
can be effectively stabilized. Relevant debris flow hazard should also be assessed. 

Management Objectives (Desired Conditions) and Guidelines 

Objective #1: Maintain or improve the stability of landslides affected by road repair work. 

Guideline #I: (1 )  Conduct a geologic assessment prior to developing a repair design, and prior to 
any emergency earthwork. This includes as a minimum, review of existing GIs data layers 
(geology, active landslides, etc.), review of post-flood air photos, review of previous geologic 
investigations, and lastly, a review of maintenance history (engineering personnel); (2) Jointly 
develop the repair design (engineer, geologist, geotechnical engineer) to assure that proposed 
actions either maintain or improve the factor of safety and potential for adverse watershed effects. 
Incorporate buttresses, under-drains etc. as appropriate; (3) Evaluate the long term feasibility of 
maintaining long term road access across large complex landslides. Where objectives cannot be 
met or feasibility of keeping the road open is low, consider decommissioning, particularly where 
environmental and road maintenance costs are expected to be high. 

Objective #%::Maintain favorable (stable) mass balance configurations on hillslopes during 
road repair design. 

Guideline #2: Do not place fills on the heads of slumps and earthflows! Avoid routine filling of 



sags in the road caused by slumps and earthflows. Rather, consider reducing the size of the fill, or 
lightweight fill material. Similarly, avoid cuts into landslide deposits, particularly toe zones, 
unless it can be demonstrated through analysis that this action does not destabilize the slope. 
Where appropriate, place buttressing material at the toes of slumps and eartMows. Often the 
failed material can be incorporated into a buttress. If objectives cannot be met, consider 
relocation or decommissioning. 

Objective #3:. Maintain favorable (promoting slope stability) surface and subsurface hydrologic 
conditions during road repair designs in landslide terrane. In most cases, this involves 
maintaining natural drainage patterns. 

Guideline #3: Use sub-drains and horizontal drains as appropriate. Avoid diverting water to 
unstable sites. Eliminate ditches which convey off-site spring or sudace flow to the heads of 
landslides or unstable areas. Where springs intersect roads, convey water directly across the road 
prism with appropriate subsurface drainage within its natural path of flow. Relocate surface and 
subsurface water only where this is part of a designed de-watering plan which will result in a more 
stable hillslope condition than that which currently exists. 

C. IN ,STEEP MOUNTAIN SLOPE TERRANE, 
f The most common types of road problems in this terrane are: (1) Failure of steep side-hill fills; * 

(2) Failure of road cuts; (3) Failure of road surface drainage causing gullies and rills. The 
guidelines provided below emphasize the steep mountain slope environment, but also apply across 
the rest of the landscape. 

Types of Failures 

Road Fill Failures Away From Stream Crossings: Failure of road fills away fiom stream 
crossings constitute about 14% of all 'ERFO sites. They usually occur where un-reinforced, 
poorly compacted fills are placed on steep mountain slopes, particularly in swales underlain by . -. . 
sandy soil. This type of failure is confined primarily to the artificial embankment, but they 
commonly generate debris flows as they travel down steep mountain slopes. Sound technology 
exists for mitigating this problem. 

Road Cut Failures- Small failures of road cuts not associated with landslides comprise about 6% 
of all ERFO sites. They usually occur where cuts are high (>lo feet) and into unconsolidated 
material or bedrock with structural weaknesses, and groundwater is present. These can be 
important where failure occurs adjacent to a stream, or on in-sloped roads where failures of the 
cut can divert surface runoff Technology exists to stabilize road cuts (buttressing, biotechnical), 
but can be expensive if applied on entire roads. 

Gullies; Rills, Sheet Wash Linked to Water Concentration and Diversion- This type includes 
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problems associated with cross drains, ditches, outslopes, road dips, and some stream crossings. 
Gullies make up about 1% of all ERFO sites. However this small percentage may actually 
understate the importance of surface water diversions, since they are a factor in a large proportion 
of ERFO sites, including stream crossing failures which divert stream flow, cut bank failures on 
insloped roads, landslides which are triggered by diverted surface flow, etc. Technology exists to 
mitigate this problem. 

Assessment Needs 

For fill failures, assessment is needed by engineering, geology, geotechnical engineering, and in 
some cases hydrology, biology, botany and soils (where re-vegetation is needed or surface erosion 
is a problem). For fill failures, the geologist's role is to characterize relevant physical factors 
(debris flow potential, foundation material, weakness planes, subsurface water etc.), the 
geotechnical engineer to develop a conceptual design, and the engineer to finalize the design, and 
implement it. As part of the ERFO process, conduct field assessments on road segments which 
experienced many fill failures in 1997, and identie fills which survived the flood, but exhibit 
incipient failure, or physical characteristics similar to those which did fail. In areas experiencing 
many fill failures, conduct an evaluation of other fills in the vicinity and identifjl those with a high 
likelihood of failure. Seek fbnding to repair these or move the alignment. For road cut failures, 
the primary assessment to be made iswhether the failed material is acting as a buttress, and 
implications to road surface drainage. 'For gully and rill areas, Soils and Engineering personnel 
should' lay out the optimum road drainage plan, and consult with, hydrology, soils, and geology. 
The role of the road in altering surface and subsurface drainage patterns should be assessed 

Management Objectives (Desired Conditions) and Guidelines 

Objective #1: Repair and construct fills to stable configurations. Minimize the potential for 
catastrophic fill failures. 

Guideline #1: (1) Construct stable fills by utilizing appropriate compaction, underdrains, and 
mechanical reinforcement as appropriate. Minimize fill size, yet making sure that this does not 
result in an unreasonably high cut. (2) Never fill in the hole left by a failed fill with loose soil and 
rock. (3) Consider alternatives to in-kind replacement of the fill such as retaining walls and rock 
fills which are appropriate in some settings. (4) If objectives cannot be met, consider relocating 
or decommissioning the road. 

Objective #2: Repair and construct cuts to stable configurations. Prevent cut failures which can 
deliver sediment to streams or obstruct road drainage. 

I Guideline #2: (1) Prior to removing cut failure debris from road surfaces, determine if the debris 
is buttressing the area upslope. If it is serving an important buttressing role, repair options 
include: (a) Ramping over the debris; (b) Removing the debris and then placing it back on the site, 

I with appropriate compaction, geotextile reinforcement and drainage as needed; (c) Removing 



debris to a waste area and replacing with other buttressing material such are rip rap.* (%)Establish 
deep-rooted native species on the site where soil conditions permit. In areas with multiple cut 
failures, conduct a field assessment of the need to buttress cuts which did not fail in 1997. Areas 
where cut slope failures threaten road ditches are good candidates, and outsloping of the road 
surface should be considered in these areas. If objectives cannot be met, consider relocating or 
decommissioning the road. 

Objective #3: Maintain natural hillslope drainage patterns to minimize the potential for rills and 
gullies. Prevent concentration or diversion of surface/subsurface water which accelerates erosion. 

Guideline #3: (1) Outslope roads unless there is a specific need for in-sloping, and avoid placing 
dips where they deliver water to erodible or unstable areas. Armor dips as needed, (2) Where the 
road must be in-sloped: (a) Armor cross drain outlets as appropriate, use downspouts and or 
energy dissipators as appropriate, and design inlets to local conditions; (b) Assess the location and 
spacing of cross drains to prevent delivering water to sensitive areas. Design rolling dips to meet 
site conditions; (c) Where multiple cross drains occur, anticipate the failure of individual drains, 
and provide safety valves, such as armored dips in the road to prevent snowball effects; (d) Near 
streams, place dips to prevent the ditch from capturing stream flow; (e) Near switchbacks, avoid 
excessive water being carried through the feature, and if possible, provide water outlets before ' 
entering and upon leaving the switchback; (f) Maintain stable road cuts, particularly where road 
cut failures can divert surface runoff such as in road ditches. ( g) Re-vegetate road cuts and fills as 
appropriate; (h) If objectives cannot be met, consider relocating or decommissioning the road. 



IV. WASTE AREAS AND ROCK PITS 
Development of waste areas and rock pits to repair flood damaged roads can result in slope 
destabilization, erosion, and sedimentation if not properly planned. 

Types of Failure 

Common'types of failure include reactivated slumps where waste was placed on the head of the 
landslide. Undercutting of the toe of landslide deposits, as well as problems associated with 
disrupted drainage patterns can also cause landsliding and .sedimentation.. 

Assessment Needs 

Depending on the location, assessments should be made by engineering, geology, hydrology, soils, 
biology, archaeology, and botany. Assess site stability. mass balance, slope hydrology, surface 
erosion potential, and delivery to stream potential. 

Objective #Ie: Maintain and construct stable cuts and fills associated with waste areas and rock 
pits. Maintain stablemass balance, cuts, and hillslope hydrologic conditions. 

I 

Guideline #1: ( I )  Conduct a field-based geologic assessment prior to developing waste areas or 
rock pits (see guidelines for roads in landslide terrane, objective #I). Due to the size of many 
rock pits and waste areas, subsurface investigations are likely to be needed on some of them. (2) 
Engineering, geology, and biology should jointly locate potential sites with review by archaeology 
and botany. (3) Avoid placing destabilizing fill on landslide benches. (4) Avoid removing rock and 
talus from landslide deposits unless a geologic investigation shows that this can be done without 
destabilizing the slope. ( 5 )  Complete rock pit development plans if needed (as directed in the 
Klamath National Forest Land and Resource Management Plan), and prepare reclamation plans 
for large rock pits and waste areas as appropriate. 



V. ACS OBJECTIVES AND NFP STANDARDS 
AND GUIDELINES 

I 
I 

The road guidelines in Appendix C are consistent with the Aquatic Conservation Strategy 
objectives as described in the Northwest Forest Plan (NFP). They are also consistent with the 
road standards and guidelines in the Record of Decision (ROD) for the Northwest Forest Plan. 
Relevant objectives and standards and guidelines from the NFP are listed below. Refer to to the 

I 
Northwest Forest Plan Record of Decision (page B11) for the complete ACS Objectives, and 
pages C-32 to C-33 for the complete road standards and guidelines. ' I 
Aquatic Conservation Strategy Objectives: #2 (connectivity); #3 (physical integrity of aquatic 
system); #4 (water quality); #5 (sediment regime); #6 (stream flows); #7 (floodplain inundation); 
#8 (plant diversity); #9 (species populations) 

I 
Northwest Forest Plan Standards: RF- 1 a (minimize roads in Riparian Reserve); RF-le 
(maintain hydrologic flow path); RF- 1 f (sidecast); RF-3a (reconstruct risky roads); RF-3 b 
(reconstruct by risk priority); RF-3c (close, repair or reconstruct by risk level); RF-4 (design for 

I 
100 year event, avoid water diversions) RF-5 (minimize road sediment, route away from unstable 
areas); RF-6 (fish passage); RF-7c (routinely correct road drainage problems in road I 
managernen t). 

, , 



Plloto #5: Fill Failure- This fill failure is on Road 44N45 in the Canyon Creek Watershed, Scott 
River Ranger District. , Failure was a result of fill saturation with some additional water 
contributed to the site by the inside road ditch. Photograph by Ed Rose, spring, 1997. This site 
was subsequently repaired with a retaining wall. 

Plloto #6: Landslide- This slu~nplear-tliflow closed road 46N64 in the Walker Creek watershed. 
Happy Camp Ranger District. A cellular I-etaining wall (note cornlgated metal) had been 
installed at this site several years before thc 1907 flood. The entir-e area consists of the toe of a 
large old landslide deposit. Plioto by J d.1.F.. Febl.ilary. 1997. 



- 
Pl~oto #7: Stream Undercut- This site is on the Salmon River Ranger District, on the South 
Fork of the ~alrnon River. where the river undercut the county road: Photo by J.d.l.F, spring, 
1998. 

P l ~ o l o  #8: Stl.ennl Crossilig Failu~.e- This road stream crossing is on Road 15N75 in the Elk 
Creek Waterslied (Doolittle tributaly), Happy Camp Ranger District. Failure of the f i l l  was 
caused by a debris tlow which originated by a s~iiall till failure on the salne road\ where it  crossed 
tlic Iicad ol'(Iie debris tlow clianncl. Pliolo suni~i\cr of 1997 hy .l.d.l F 



APPENDIX D 
I EFFECTS OF 1997 FLOOD ON ADJACENT FORESTS AND 

I 
1996 FLOODS OREGON AND IDAHO 

I This section describes effects of the 1997 flood on forests adjacent to the Klarnath National 

I 
Forest. The Siskiyou National Forest issued a flood assessment on 1-9-98, but this assessment 
was not available for inclusion here. It also summarizes some of the effects of the floods of 
1995- 1996 in Idaho and Oregon. 

Southern Oregon 

I Umpqua National Forest (Paul Uncapher, Geologist) 

I 1. Number of ERFO Sites ------; Dollar Cost-----. 
2. Geographic Extent of Damage- Damage was concentrated in the northern part of the Forest 

I 
in November, and in the south and eastern parts in January. 
3. Predominant Flood Effects- Inventory of ERFO sites indicates that most of the flood damage 
was associated with landslides (about 75%). There were at least 12 examples of cascading effects 

I where a landslide high in the headwaters of a watershed traveled down a stream, initiating more 
landslides and triggering road fill failures downslope. Roughly 30-40% of the landslides 
inventoried as ERFO sites initiated movement in November, and then moved catastrophically in 

I January. There were many dam-break floods caused by the temporary damming of streams by 
logs and debris. There were also many examples of stream undercutting of roads. 
4. Effects of Forest Management and Fi~e-G-een flood-effects and land management 

I (roads, hatvest) and wildfire were as follows. Forest-wide inventories of landslides are not 
available, so the proportion of landslides which are road-related is not known quantitatively, but it 
estimated that 50-75% are road related, 20-25% harvest-related, and the rest on undisturbed 

I ground. Most culvert failures were associated with debris flows. A large wildfire which burned 
in 1995 did not experience much in the way of landslides. There was a concentration of 
earthflows in harvest units. 
5. Influence of Physical Factors- Physical characters of the landscape such as, bedrock, 
geomorphology, slope, elevation, and aspect appear to have influenced the flood effects as 
follows. The majority of landslides occurred below 3500 feet in elevation. There may have been 
some concentration of landslides on steeper slopes, particularly in clearcuts. South aspects 
seemed to have a higher slide frequency than other aspects. As far as bedrock, pyroclastic rock of 
the Western Cascades had the highest frequency of landslides, and low frequencies in areas 



underlain by basalt flows and granitic rock. 
6. Flood Recurrence Intervals- The flood of 1996- 1997 consisted of two distinct episodes on 
the Umpqua National Forest, one in November 1996, and one in January 1997. The November 

I 
episode hit hardest in the north part of the forest, and exhibited some 100 year return interval 
flows. The January episode hit harder in the south and east parts of the Forest, with maximum 
return intervals of about 25 years. This is different fiom California Forests where January flows 

I 
were much higher than November flows. I 
Rogue River National Forest @an Sitton, Geologist)- , 

1. Number of ERFO Sites 270; Dollar Cost $6.0 million. There were another $8 million in 
N)N-ERFO damages. 
2. Geographic Extent of Damage- The largest amount of damages were to the Klarnath Mtns. 
(western) portion of the forest in the granitics and metamorphic rock types. However, there was 
also some damages in the western cascades side of the forest as well. We hd both Debris torrents 
and eartMows slides. The Ashland watershed, immediately north of the Klamath National Forest, 
experienced large numbers of low elevation landslides which severely damaged the Ashland water 
treatment plant (Hicks, 1997). 
3. Predominant Flood Effects- Most damage from landslides, but also had some damages fi-om 
high flows and meandering stream channels. 
4. Effects of Forest Management and Fire- We had a lot of road related damages across the' , , 

forest, clear cut harvesting related landslides in the Ashland and Applegate Districts o 

(the west side of forest). 
5. Influence of Physical Factors- Location of the damages were from 5,500 feet in elevation and 
down to about 2,000 feet. Most of the slides were in granitics, schist, serpentine, & 
metasediments in Klamath Mountains and also some in tuff, breccia and pumice on the eastern 
side of the forest. Slopes are mostly 60% and above, but the are some eartMow and slumps on 
40% and above. Most of the slides are on concave slopes (draws, swales and near or in stream 
channels), but there are also some debris flows and slumps on smooth slopes. 
6. Flood Recurrence Intervals- Highest recurrence interval near streams, draws and swales was 
experienced. This waS likely a 56-year event in many-areas and possibly a 30 year event in other 
portions of forest. I don't have river level information right now. Slides occurred lower in 
elevation slopes than they did in 1974. Grouted flood fords installed by Bill Hicks (former Rogue 
Forest Geologist) held up well and reduced the amount of sediment that entered into Reeder 
Reservoir. 

Siskiyou National Forest (Cindy Ricks, Geologist. The Siskiyou National Forest has 
I 

pr0duced.a report: PRELIMINARY ASSESSMENT REPORT, STORMS OF NOVEMBER & 
DECEMBER, 1996. Dated January 9, 1998. Prepared by the Forest Flood Team)- 

. . I 
. . 

1. Number of ERFO Sites ------ ; Dollar Cost-----. 
2. Geographic Extent of Damage- ~ a m a ~ e s  occined in the northwest part of the Forest in 
November, and in the SE .in December. 



I 
, 

3. Predominant Flood Effects- There were many stream crossing failures on roads; and most of 
these involved some sort of culvert plugging. Landslides caused decrease in pool habitat area and 

I or depth, increases in large wood in channels. Habitat improvement structures in channels were 
displaced. Channel aggradation occurred in pools in creeks such as Grayback, Left Fork Sucker, 
and Rock. 

I 4. Effects of Forest Management and Fire- Stream diversions at road crossings were a common 
problem, and greatly increased adverse effects. Culvert clogging was common. Approximately 
50,000 cubic meters of sediment were delivered to streams from road failures. The ratio of 

I management related to natural landslides is unknown, since inventories to this point have focused 
on roads. Previous decommissioning of roads had positive benefits in that roads which had fills 
and pipes removed did not contribute much additional sediment do debris flows, and no stream 

I diversions occurred at these sites. Pull-back of fills and outslope of roads also appeared to be an 
effective sediment-reducing measure. Placing of large rip rap at removed crossings was not 
effective at some crossings where the stream was able to meander around the rock and cut back 

I into natural ground. Deep, well-placed water bars were effective, as were re-vegetation efforts. 
Some roads which had been decommissioned never were high sediment producers, such as those 
on gentle slopes near ridge tops. Many road failure sites showed signs of previous failures, and . 

I some new fixes did not address the key factors contributing to failure. Wide culvert inlets allowed 
debris to clog culverts more easily than narrow inlets which tend to direct long pieces of wood 

I 
directly into the pipe. Landslides were involved in about 50% of all road failures. 
5. Influence of Physical Factors- Rain on snow was described as a key factor in influencing . 
flood effects. Also, it was felt that the storms had distinct cells with areas of concerltrated . 

I 
precipitation. No data were cited as support to this idea. Landslides were common in areas of 
sandy soil developed from granitic rock and from sandstone. They were also common on steep 
slopes, in areas with thick colluvium adjacent to streams, and on old landslide deposits. Roads 

I 
built up floodplains adjacent to streams were damaged by stream undercutting. Nearly 50% of all 
road failures were on the lower 1/3 of the hillslope. 
6. Flood Recurrence Intervals- The Siskiyou Forest experienced two major storms in the winter 

I of 1996-1997. The November storm was described as having high to moderate intensity, and 
short duration. Flows were greater than 50 year recurrence interval. Port Orford, OR received 
15.5-hches-ofrairrin two -days, with 1 1.7 inches coming on November 19. The soil moisture 

1 content at the outset of the storm was low. The December storm was described as having a 
moderate intensity with long duration, and soils had s high moisture content at the outset of the 
storm. Flows were in the 25-50 year recurrence interval. 

Northern California 

Six ~ i v e r s  National Forest (Mark Smith. Geologist)- 

1. Number of ERFO Sites 81; Dollar Cost $0.85 million. About 81 damage sites identified, of 
which 60were hnded by ERFO at approx. $850,000 on NFS lands. plus about 4 other sites on 
county roads within Forest boundary or on Forest highways hnded at approx. $800,000. Sites 
not fbnded by ERFO will be covered -by other storm damage fhnding of about $350,000. 



2. Geographic Extent of Damage- Major damage on Six Rivers was scattered and clumped, 
40% Mad River RD, 25% Orleans RD, 25% Lower Trinity RD, and 10% Gasquet. Generally 
central and eastern parts of Forest and typically within a couple of miles of the main rivers. 
3. Predominant Flood Effects- Probably the vast majority of damage was related directly or 
indirectly to landsliding. Roughly half the sites were slumped road prisms due to landsliding 
downslope. Typical size was probably 112 to 2 acres that affected from 100 to 300 ft of road. 
Roughly one-third of the sites were washouts where culverts were plugged; these appeared to be 
due in most cases to mass movements upstream, commonly with relatively fine organic debris 
loads. Downstream channel alteration fiom these sites was usually only moderate for several 
hundred feet. Drainage diversion occurred at many of these sites and appeared to greatly 
aggravate the overall resource damage due to additional sediment mobilization. The other roughly 
one-sixth of sites were extensive areas of landsliding in and above the cutslope; damage was 
generally restricted to the roadway with few offsite effects. Lastly, there was considerable direct 
damage fiom flooding along the Klamath main stem (access roads buried or washed out, facilities 
damaged or buried). 
4. Effects of Forest Management and Fire- From air photo work done so far (most ofMad 
River), it appears that new and reactivated landsliding occurred most commonly within stream . , 
corridors (some inner gorge terrain) and not associated with roads or harvesting. Road slump 
areas noted in DSRs are generally hard to detect on the 1:40K photos, and not many other slide' 
sites have been noted. A moderate fiaction of new slides were found in cutblocks (probably 5-15 
years old), generally less than 1 acre in size. Surprisingly little slide activity noted in the Blake of 
Travis fire areas of 1987, although there are field reports of sorne tribs in the Blake area, being 

I ,  

"sluiced out" of large organic debris and stored sediment (not generally visible on the airphotos). 
5. Influence of Physical Factors- Flood damage was clearly concentrated at lower to middle 
elevations as well as lower to middle relative slope positions. It occurred predominantly in Galice 
metasediments and Rattlesnake Creek melange terrain, commonly where deeply weathered or in 
older landslide complexes. All Mad River damage is in Franciscan terrane, both moderately 
competent sandstones and less competent melange (probably more the former than the latter - not 
what we would expect). Apparently little damage on the limited areas of intrusive rocks on the 
Forest, but I haven't looked at all the areas yet (such as Trinity summit area). Scattered damage in 
ultramafic terrane, but relatively large scale (e.g,, Devastation Slide-mwd considerably). New 
and reactivated slides on Mad River District are mostly on intermediate slopes and some steeper 
headwater areas; roughly one-third so far appear to be within older landslide terrain. I expect the 
proportion to be higher moving north into Klamath Mountains province, though. Most of the 
landsliding and damage seems to be restricted or localized in extent with few debris torrents or 
avalanches noted. Perhaps 5 percent of occurrences involved extended down-channel damage 
fiom mobilized landslide debris. 
6. Flood Recurrence Intervals- Forest Hydrologist Mike Furniss estimates that the 1997 flood 
was probably a 15 to 25-year event on rivers within the Six Rivers. The few recorded discharges 
at gaged sites indicate flows of about 30-60 percent of the 100-year event(higher to the east?). 

Klamath National Forest- (Juan de la Fuente, Geologist) 



I 

I , 1. Number of ERFO Sites; approximately 800; Dollar Costs33 million. 
2. Geographic Extent of Damage- Damage was concentrated west of Interstate 5 in a tiand fiom 

I the headwaters of Beaver Creek, through Horse Creek, Lower Scott River, Walker, Grider, Elk, 
Indian, 'and Ukonom Creeks. There was a separate area of considerable channel effects in the 
Upper South Fork Salmon River. 

I 3. Predominant Flood Effects- Predominant effects were damages to roads, particularly at 
stream crossings, and damage to houses in the lower reaches of Walker and Grider Creeks. 
Landslides played a large role in damage to roads, and initiated debris flows. Many stream 

I channels were significantly altered in that many streams experienced widening, shallowing, and 
increases in fine sediment in lower reaches, and loss of riparian vegetation. 
4. Effects of Forest Management and Fire- Landslides were concentrated in road corridors, 

I areas burned at high or moderate intensity, and recently logged areas (since 1977),'relative to 
forested undisturbed Inads. 
5. Influence of Physical Factors- Patterns of damage suggest that local cells of hi& intensity 

I developed, but precipitation data do not support this idea. Landslides were concentrated at 
elevations from 4,000-6,000 feet, on previously active landslides, in dormant landslide deposits, 

. and within the in inner gorge. They were also concentrated on steep slopes and on north and east 

I aspects. 
6. Flood Recurrence Intervals- Recurrence intervals varied from 15-37 years across the forest 

I 
(preliminary values computed with the FEMA method). 

I 

I 

I Modoc National Forest (Randy Sharp, Geologist> 

1. Number of ERFO Sites- 0; Dollar Cost- $500,000. 

I 2. Geographic Extent of Damage- East side of the forest (east of the Warner Mountains). 
3. Predominant Flood Effects- Landslides which sent debris flows down stream channels. 
4. Effects of Forest Management and Fire- Roads played a minor contribution, but there was 

I not apparent link to timber harvest, fire, or grazing. 
5. Influence of Physical Factors- The landslides occurred primarily at higher elevations on the 
steep slopes formed by fault scarps on the margins of fault-block valleys. Landslides were 

I primarily in volcanic tuffs. 
6. Flood Recurrence Intervals- Twenty to fifty years. 

I Shasta Trinity National Forest (Abel Jasso, Geologist, Steve Bachman, Hydrologist)- 

. . 

I 1. Number of ERFO Sites: 85; Dollar Cost: $8.0 m~ll~on, 
2. Geographic Extent of Damage- Damage was concentrated west of Interstate 5, especially in 
the Scott Mountain area. It appears that there is a marked reduction in landslides and altered 

I channels on the Klamath side of the divide north of Scott Mountain. Damage was severe on the 
South Fork of the Trinity River. 
3. Predominant Flood Effects- Damages were across the board, including rotational landslides, 

I debris flows, debris torrents, inner gorge mass wasting, and altered channels. Dominating damage 



I '  

was road culvert blow-outs due to under-sizing and poor maintenance. , +  

4. Effects of Forest Management and Fire- There were links between poor road looation (on 
unstable slopes) and culvert under-sizing, and apparent links between harvest areas and landslides. 
Most situations could have been avoided if more understanding of stream process and mass 
wasting had been applied in design of management activities. 
5. Influence of Physical Factors- The South Fork Mountain Schist and Trinity Ultramafic sheet 
had a large proportion of damage sites, but this may be due to the high elevation of these areas. 
Areas of high elevation experienced much damage. Rain on snow appears to have played an 
important role in flood effects. 
6. Flood Recurrence Intervals- Pit River flows were nowhere n&r 100 year events, possibly due 
to less rain in the Alturas area. Sacramento River was a 25-100 year event. Recurrence interval 
of 21 years were recorded on the South Fork Trinity near Coffee Creek. 
7. Description of Flood (Stephen Bachmann 2-12-97)- The January floods that caused 
widespread damage to roads, bridges and facilities on the Sha~ta-Trinity National Forest were 
caused by a series of tropical storms that brought unusually warm temperatures and heavy 
precipitation to the north state in late December and early January. The series of storms 
responsible for the flooding began to impact the Shasta-Trinity National Forest on December 
26th. From December 26th through January 1st precipitation fell nearly continuously across the 
forest. In the Sacramento River Canyon between Lakeshore and Dunsmuir precipitation fell at a 
rate of nearly three inches per day for three straight days prior to the arrival of the largest storm 
system on December 30th. , ,  

I 
4 4 , @ 

The largest storm, accompanied by unusually warm temperatures, entered the north state on 
December 30th. Precipitation totals in the Sacramento River Canyon for the three day period of 
December 30th through January 1st exceeded 12 inches. On New Year's Eve streamflow levels 
rose rapidly in response to continually increasing runoff from the melting snowpack and saturated 
ground. Flooding occurred in most of the major tributaries to Shasta Lake including the 
Sacramento and McCloud Rivers, Squaw Creek, and tributaries to the Pit River above Shasta 
Lake. While all of these watersheds were were impacted by the flooding, the degree of flooding 
and the amounts of precipitation varied widely between and within the watersheds. 

Rainfall totals for the Sacramento, McCloud and Pit River Arms of Shasta Lake were significantly 
larger than rainfall totals to the north of Shasta Lake in the vicinity of McCloud and Mount Shasta 
City. Over an eight day period fiom December 26th through January 2nd approximately 22 
inches of rain fell in the lower reaches of the Sacramento River Canyon at Lakeshore. 
Precipitation totals were similar in the lower McCloud River Arm at Hirz Bay. Precipitation 
totals for the same eight day period exceeded 35 inches in localized areas along the lower Pit 
River above Shasta Lake. Considerably less rainfall occurred in the Mount Shasta area. 
Precipitation totals for Mount Shasta City and McCloud for the same period were and 13.8 
inches respectively. Large amounts of snowmelt occumng at elevations between 4,000-7,000 feet 
contributed additional runoff resulting in flooding in the normally dry channels draining Mount 
Shasta such as Panther, Big Canyon and Ash Creeks. 



With the exception of the Pit River, all rivers approached and possibly exceeded record levels on 
New Year's Day. Streamflow data for 1996 and 1997 is preliminary in nature and may be 
adjusted following quality control checks, however the flow data permits relative comparisons 
betweeri historical floods and the 1996-97 flood. On New Year's Day streamflow in the 
Sacramento River at Delta (above Shasta Lake) peaked at approximately 62,300 cubic feet per 
second. This flow was much larger than the high flows recorded in 1964 and 1995 but lower than 
the record peak of 69,800 cfs recorded during the 1974 flood. Due to the localized nature of the 
heavy rainfall streamflow in the Pit River did not approach the peak discharge of 73,000 cfs 
recorded in 1970 downstream of the Montgomery Creek confluence. The McCloud River above 
Shasta Lake peaked at about 50,000 cfs. During the 47 year period of record, the previous peak 
was 45,000 cfs recorded in 1974. Therefore, the 1997 peak may have been greater than a 100 
year return interval event. 

Mendocino National Forest (Bob Faust, Hydrologist)- 

1. Number of ERFO Sites- 50; Dollar Cost- $1,622,000. 
2. Geographic Extent of Damage- Dispersed across the Forest without any apparent 
concentration. 
3. Predominant Flood Effects. Culvert failures (blocked and topped with debris or too much 
water), and landslides on road prisms. 
4. Effects of Forest Management and Fire- Flood damage was not linked to harvest, fire, or * 

roads. An area burned the previous year did not experience damage on roads,   rob ably because 
of work done on drainage structures as part of the emergency fire rehabilitation effort. 
5. Influence of Physical Factors- Damage was concentrated at 5,500-5.000 feet in elevation, in 
Franciscan rocks on slopes steeper than 40%. This was a rain-on-snow event which caused 
flooding and culvert failures. 
6. Flood Recurrence Intervals- Not available yet 

I Sierra Nevada Mountains 

1 El Dorado National Forest (Anne Boyd, Geologist, Chuck Mitchell, Soil Scientist)- 

1. Number of ERFO Sites (projected)- 90; Dollar Cost- $5,000,000. 
2. Geographic Extent of Damage- Along the main stems of the Middle and South Forks of the 
American, Cosumnes, Rubicon, Mokelumnes rivers. 
3. Predominant Flood Effects- Landslides 37%. Altered Channels- 15%, Plugged Culverts 49%. 
Record runoff events and landslides in the inner gorges of the major rivers. Many road crossings 
on streams were plugged or washed out due to the amount of debris transported by streams. 
Large, catastrophic, deep-seated landslides were confined to the South Fork American River 
Canyon (Highway 50). Flooding was confined to existing flood plain along the major rivers. No 
catastrophic flooding occurred on the forest outside of these areas, but downstream areas outside 
of the forest experienced significant flooding and damage to homes and crop land (Sacrament 
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Valley). Alteration of channel courses was also not a major effect, though incision lahd deposition 
(debris flow areas) were commonplace. . )  I 

4. Effects of Forest Management and Fire- Fire appears to have influenced flood effects on the 
South Fork American River (Highway 50). The Wright's Fire (1982), and Cleveland Fire (1992) 
experienced debris slides and flows. The highest level of landsliding occurred in burned areas, 
some of which have burned several times (1959 and 1992). Large old rotational slides were 
reactivated in Mill Creek. The location of Highway 50 in the river gorge facilitated severe 
damage. Homes and bridges there were also damaged. Most of the small debris flows were 
associated with failed road cuts, plugged culverts, or other man-made structures such as irrigation 
ditches, but there were also many on undisturbed hillslopes. Steep road cuts in volcanic material 
in the northern part of the Forest experienced much landsliding. 
5. Influence of Physical Factors- Most of the landsliding occurred below 5,000 feet in elevation, 
with the exception that debris slides originated at 6,000-7,000 feet. Most of the landslides 
developed into debris flows, regardless of bedrock type or elevition. It is estimated that 300 
landslides were activated, with the majority being small debris flows of less than 25 cubic yards. 
In the northern half of the Forest (Rubicon, Middle Fork American River), the canyons are deeply 
incised in metamorphic rock with volcanic cap rock. Many of these landslide initiated in andisitic 
mudflows and stream gravel deposits or the contact with metamorphic rocks. Foliation planes in . # 

metamorphic bedrock which daylighted influenced landsliding in road cuts and natural slopes 
alike. Rain-on-snow was the prime factor. Many types of landslides occurred in the 8 mile stretch 
between Riverton and Kyburz (debris flows, earthflows, rotational slides, debris slides). This aiea , 
contains unique bedrock types and contacts contributed to failure. Older weathered , m i t i c  rock , 

adjacent to meta-gabbros and schist and gniess developed many translational and other deep 
slides. Within the river channel and floodplain, toe inundation caused a significant number of 
failures, particularly to Highway 50 shoulders. 
6. Flood Recurrence Intervals- Preliminary data indicate that all river basins had record flows, 
with the Cosurnnes being over twice the previous peak, and the South Fork American being 150% 
of the previous 1964 high. This was the biggest event recorded on the El Dorado National 
Forest. Rainfall totals for the South Fork American River Canyon were,353% of average (32.59 
inches recorded vs. 9.23 average) and 234% of average for January 24.3 inches redcored vs. 
10.37 average). Much of the rainfall came in short time periods (3-5 day events) and as rain-on- 
snow below 7,000 feet (during New Year's Day storm). 

Plumas National Forest (Gordon Keller, Geotechnical Engineer)- 

1. Number of ERFO Sites- 350; Dollar Cost- $9 million. Some of these "sites" are roads with 
multiple damage sites. Additionally we have 3 approved EWP sites and 28 Non-EWP watershed 
damaged sites. For these we've received $300,000 approved finds. We asked for $800,000 to 
cover the damage. Many forest slides are not even on the list. 
2. Geographic Extent of Damage- The damage was actually quite widespread across the Plumas 
and parts of the Lassen. The West side of the forest with steeper ground, deeper weathered soils 
has half the sites but 213 of the cost of damage since their sites are the larger ones, especially 
slides. The east side has many widely scattered sites, particularly culvert failures and drainage 
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I problems. 
3. Predominant Flood Effects- We sustained a lot of all types of damage, landslides, altered 

I 
channels, and flooding, as well as damage to several bridges and a major retaining wall. The west 
side has'numerous slide failures, in road cuts, fill failures, and on many natural slopes. The 
intensity of the event caused debris torrents in many drainages, totally "gutting" and altering them, 

I particularly on steeper terrain. Many culverts plugged and channels changed, causing local 
flooding in many areas. The drainage problems and flooding occurred on the east and west sides 
of the forest. Because of the large amount of debris accumulated in many drainages now, the 

I systems will remain unstable and give us problems, particularly with culverts, for many years to 
come. A good time to shift to low-water fords where we can! Many of the drainages are only 
meta-stable now, with major amounts of stored material. 

I 4. Effects of Forest Management and Fire- I suspect there is a good correlation between 
damage sites and roads since the ERFO program is for r~ads. Many small slumps are associated 
with roads. However many slides, particularly many large eartMows and debris slides, appear 

I totally natural and began in undisturbed areas, roadless areas, rocky highlands, etc, including sites 
on the Lassen and Tahoe NF. Roads were only in the way. Many culverts failed along roads, 
some due to undersize. However many failed because of debris and bedload movement. The entire 
channel was damaged, including culverts in the way. Thus much of the drainage impact was 
natural but the culverts made the problem more severe and costly. This was a major landforming 
event in the northern Sierra Nevada. The dominantly natural event and large slides and channel 
debris torrents overwhelmed other factors such as matunade features and management practices. 
The volrime of sediment moved due to roads, fires, or logging appears minor compared to the 
volume moved by this large event. Our practices only contributed to the overall problem. 
5. Influence of Physical Factors- Most of the damage occurred in a zone between 3,000 and 
7000 feet. The heavy warm rain impacted the fiont of the west side and mid forest at 3000 to 
5,000. Higher areas 5000 to 7000 also had many debris slides and plugged culverts. Above 7000 
feet there seemed to be enough snowpack to buffer and minimize the damage. The steeper west 
side slopes and peak areas had the most slides, but the flatter east side had a lot of channel 
movement also. Culvert failures and gully erosion were common on the east side. Bedrock areas 
experienced the least damage, but several large debris slides began in shallow, rocky swale areas 
on steep mountainsides and moved a long distance downslope. Deeper soil areas were scoured 
out deeper and wider. 
6. Flood Recurrence Intervals- There appears to be a lot of local variation in small watersheds. 
Some had minor damage, suggesting a 15 to 25 year event, while other watersheds were severely 
damaged, suggesting a 50 to 100 year.event. Locally flows were less'than 1986 or 1995, but wide 
areas received heavy runoff producing flows in major tributaries suggesting an 80 to 100 year 
,event. The North Fork of.the Feather River at Pulga had the flow of record, 'with records back to 
1906. 1986 was the last largest recorded flow at 90,000 CFS. 1997 was 118,000 CFS. j 

B. STUDIES OF THE FLOODS OF 1995-96 IN OREGON & IDAHO. 



Recent assessments of the floods of 1995- 1996 in Oregon by the Oregon department of Forestry 
have 'mentioned: 
1. There was a huge variability of flood effects across state; The study highlights the need for 
good precipitation intensity data 
2. Robison studied the effects on small channels (change in stream geometry, wood, shading, and 
preliminary sediment budget); tallied large wood, using the 40% rule. Results: About 70% of 
channels were impacted; 18% = high impact, 9% lapdslide tracks. ,About 80% of sediment is 
channel-derived, 20% fiom landslides; much of the large wood was deposited outside the active 
channel. 

Oregon Department of Forestry examined the area fiom Eugene to the Oregon border for flood, 
and selected 6 sample areas of 10 square miles each. Three were selected in highly disturbed 
areas, and three were stratified random samples. Physiographic areas included the Coast Ranges, 
Western Cascades, and Interior of Oregon. They posed a number of hypotheses at the outset, 
including: Road fills on steep slopes are prone to landsliding; variations in the intensity of the 
storm played a big role in observed flood effects; "high risk" lands would have high landslide 
fiequencies, roads built prior to 1983 would have high landslide fiequencies; landslides under a 
timber canopy cannot be effectively mapped fiom air photos. 

Findings were: 
1. Landslide densities in the sample areas varied fiom 0.46-1 2.24 slideslsq. mi. 
2. Slope steepness was a prime determinant of landsliding. 
3. Landslide density varied widely within study sites, eg. Slides were concentrated in the west 
edge of the Mapleton area. 
4. Air photo inventories (1 :6,000 scale) in areas under a timber canopy missed 50% of the 
landslides mapped by field inventories. Of the 50% which were seen, 20% were only partly 
visible, and only 30% were clearly visible. 
5. Field inventories of 98 stream miles, 73% exhibited low impacts, 18% high impacts, and 9% 
experienced landslide runout. In the Tillamook sample, the distribution was 67% high impact or 
landslide runout. 
6. Sediment delivered to channels was comprised of 20% landslide debris, and 80% channel 
derived sediment. 

Clearwater National Forest 

A recent study of the effects of the floods of 1995-1996 on the Clearwater Forest by the U.S. 
Forest Service (McClelland, et. al. 1997, McClelland, et. al. 1998) addressed the following 
objectives: 
1. Describe the storm event and flows. 
2. Compare landslide risk by land use and landscape characteristics. 
3. Describe the effects of landslides and floods on streams. 



76 
8 

4. Compare the 1996 flood to those in the early 1970's. 
5. Evaluate current road standards. 
6. Evaluate recent road obliteration, and prioritization criteria for mitigating landslides. 
7. Provide options for reducing landslides.on the Clearwater NF. 
8. Share info with the public. 

Findings: 
1. About 400,000 cubic yards of landslide debris was mobilized, with about half of it reaching 
streams. These figures do not include two very large landslides which totaled another 250,000 
cubic yards. Through a combination of air photo inventory (1: 15,840) and field study, 905 
landslides were identified. Of these, 58% were road-related, 29% on undisturbed slopes, and 
12% on harvested lands. This distribution was very similar to the storms of the early 1970's there. 
They ascribe 5 factors as controlling landslide occurrenv. They we Bedrock, elevation, aspect, 
slope, and landform. Highest landslide rates were in Border (0.89 slides per 1000 acres), Belt 
(0.36), and Batholith (0.5 1) rocks. Landslide density by elevation was highest at 2500-3000 feet 
(1.48 landslides per 1000 acres), and 3000-3500 (1.66 slides per 1000 acres). By slope gradient , 
landslide density was highest on slopes steeper than 56% (2.0 slides per 1000 acres). Southwest 
and west aspects had the highest landslide density (0.89 and 0.74 slides per 1000 acres). 

ERFO sites totaled $8 million, compared to $4 million in 1974-76. 
Stream effects were generalized as: increased channel 'width, shallowing of channel, higher cobble 
embeddedness, and fewer pieces of in-channel wood than before the flood. The greatest 'changes . 
occurred in small streams. Landform seemed to influence the level of impact observed in streams. 

Most road related slides were fill failures, and road design measures were offered. 



EXECUTIVE SUMMARY 
APPENDIX E 

THE .FLOOD OF 1997: KLAMATH NATIONAL FOREST 

PHASE 1: NOVEMBER 24,1998 

Photo 97-82 #19- Granite Creek (Tributary to Elk Creek) Happy Camp Ranger District. Photo by 
J.d.1.F. 6-30-97. A large debris slide on the valley wall initiated a debris flow which depos ia  this 
log jam in Granite Creek. 



A. BACKGROUND 

This summary is intended to provide an overview of flood effects. Attached is a copy of 
Appendix C1, which is an abbreviated version of the road management guidelines developed 
during this assessment. Refer to the main report, The Flood Of 1997: Form 
(1 1-24-98), and Appendix C for details. 

Assessment of the 1997 flood is being conducted in two parts, Phase I and Phase 11. 

Phase I Flood Assessment 
, I 

Phase I is a reconnaissance level assessment commissioned by the Klamath National Forest 
Supervisor's Office. It is based on air photo interpretation (post-flood photos), data from 
damaged road sites collected by Forest Service Engineers, as well as field sampling. Phase I was 
completed in March of 1998, and final results are presented here. Phase I objectives were to: * 

. # 

1. Characterize the storm-related precipitation and stream flows of the 1997 flood. 
2. Characterize the effects of the flood and where they occurred.. 
3. Identify the natural patterns of flood effects and influence of physical factors. 

, o  

4. Identify possible influences of land management on flood effects. $ 8  
# 0 

5. IdentifL post-flood opportunities, and offer recommendations. 
6. Evaluate the effectiveness of past mitigation measures addressing erosion and 
sedimentation. 
7. Determine sedimentation rates and compare these to rates predicted by the 
Klamath Forest Land Management Plan. 

Preliminary findings have been presented previously at meetings of the Klamath National Forest 
leadership team (10-23-97 and 1 1- 18-98), the Klamath Province Advisory Committee (10-30-97), 
and the Scott River Coordinated Resource Management Plan (CRMP) on 2-17-98. The Phase I 
Executive Summary and Final Report of 1 1-24-98 replace the Draft Flood Assessment of April 
25, 1997. 

Phase I1 Flood Assessment 

Phase I1 is a detailed field level assessment which was commissioned and hnded by the Regional 
Ofice of the Forest Service Pacific Southwest Region, and is currently underway. It is being 
conducted jointly by the Klamath National Forest, and the Pacific Southwest Range and 
Experiment Station (Redwood Sciences, Laboratory). Phase I1 carries on where Phase I left off, 
and involves detailed field investigations regarding the effects of roads and de-vegetation on 
landsliding, and the ways in which landslides affected stream channels. It will also quantifL 
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natural and management-related sediment in sample watersheds and examine the effects of the 
flood on stream channel conditions and fish assemblages. Some Phase I1 fbnding was used in 
completing the Phase I final report. An status report for Phase I1 will be completed in November, 
1998, nand the final report in 1999. 

B. FINDINGS 

Key findings are presented below. A summary is presented first, and then findings for objectives 
1-7 of the Phase I Flood Assessment follow. Refer 'to the Phase I Final Report of 11-24-98 and 
its Appendices for additional detail. 

Summary 

This assessment produced three principal findings, all of which have direct implications to fbture 
management of the Klamath National Forest. These findings are are: (1) Sensitive Lands- 
Certain land types are particularly sensitive and prone to landslides and debris flows under flood 
conditions; (2) Roads- Of the typical forest maoagement practices, roads, have the largest effect 
on flood processes; (3) Deforestation- Widespread deforestation of some watersheds by a 
combination of wildfire and timber harvest appears to have had a destabilizing effect and increased 
landslide potential, particularly when it occured on certain land types. These three findings point 
toward 'changing some past management practices and keeping (reinforcing) others (Adaptive 
Management). This report offers recommendation which will greatly reduce the cost of 
repairing roads in fbture floods, and also greatly reduce the adverse watershed effects caused by 
forest management. Many of these practices are already in effect, and full application is 
recommended. 

1. Sensitive Lands- A disproportionate number of landslides and damaged road sites occurred on 
certain geomorphic terranes: previously active landslides; inner gorges, portions of older landslide 
deposits, particularly toe zones; and dissected granitic terrane. This pattern affirms the 
classification of much of this land as Riparian Reserve due to its instability. Adaptive 
Management practices which would address this issue include: (a) Identifjl and delineate these 
lands at the watershed (during Watershed Analysis) and site (when projects are done) levels. 
Utilize sound proven tools as well as newly developed ones such as laser generated DEM's; (b) 
Develop vegetative and soil objectives for these and other Riparian Reserve lands; (c) Manage 
these lands for riparian values, and toward the stated objectives as directed in the Klamath Forest 
Land and Resource Management Plan (LRMP). 

2. Roads- Roads experienced a disproportionate number of landslides, particularly on older 
landslide deposits and on previously active landslides. About 60% of ERFO sites (those 
qualifLing for Emergency Relief, Federally Owned funding) involved stream crossings or where 
the road was near a stream. Road-related landslides contributed to overall flood effects. Failure 
of road fills was a common problem. The technology exists to greatly reduce the adverse effects 
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of roads in future floods. Adaptive Management to accomplish this include: (1) Fix 
ERFO sites in accordance with guidelines in Appendix C of this report; (2) Initiate a process for 
inventorying high risk road segments and sites; (3) Repair problem sites and upgrade roads on a 
priority basis as fbnds become available; (4) Decommission un-needed roads; (5) Focus road 
maintenance where most needed to prevent watershed damage, and with attention to repairing 
road drainage and diversion problems; (6) Avoid unstable lands when new roads are constructed, 
and utilize state of the art geotechnical techniques in landslide terrane and at stream crossings; (7) 
Place special attention on constructing stable fills, whether for ERFO repair, new roads, waste 
areas, landings, etc. 

3. Deforested Areas- Harvested or burned areas experienced a high density of landslides, and 
were the sites of origin of many large debris slides and debris flows. Adaptive Management 
practices which would address this issue include would include maintaining vegetation on unstable 
lands according to direction in the Klamath Forest Land and Resource Management, and not 
logging these areas. Though we cannot prevent high intensity wildfire from burning unstable 
areas, we can reduce the potential for such fire on unstable lands and large areas of bum in 
hydrologic basins draining landslide deposits. . . 

. . 
, Objectives 1-7: Findings 

The Phase 1 flood assessment identified seven objectives. Results for each of these objectives are. 
presented below. , 0 

I ( 

< ,  

OBJECTIVE #I: CHARACTERIZE PRECIPITATION AND PEAK STREAM FLOWS 

The flood-producing storm occurred from December 26, 1996 through January 3, 1997. It was a 
warm storm. involving rain above 7,000 feet in elevation on the Klamath Forest (Map 1). Total 
precipitation for the water year from October 1, 1996 through January 3, 1997 measured at 
recording stations across the Forest was about double the average for that time period. Amounts 
ranged from 1.5 to 2.2 times the average for the water year to that point in time. The 
precipitation for December at these stations was in most cases more than double the average. The 
range was 1.7 to 4.2 times the average. At the onset of the main storm (December 26), data from 
snow pillows and anecdotal accounts indicate that the snowpack was slightly greater than 
average. Air reconnaissance by Forest personnel after the storm revealed that the snowpack was 
considerably reduced, with some south slopes free of snow up to 6000 feet in elevation. The fact 
that heavy precipitation halted abruptly on January 3 probably slowed the movement of newly 
mobilized slumps and earthflows. Had heavy precipitation continued into the spring, many of 
these landslides would have likely have accelerated, resulting in more and larger debris flows. 
Precipitation data do not indicate cells of exceptionally high precipitation. Due to the broad 
spacing of recording stations (Map 4), and their location at river level, it is likely that such cells 
did develop, but were not detectable by the network. 

Snow pack prior to the flood was slightly above average. and extended down to about 3500 feet 
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on north slopes, and 4000 feet on south slopes (Map 3). After the flood, the snow level had risen 
to about 6000 feet on south slopes in the lower Scott River area. 

Peak flows in rivers and streams on the Forest ranged from second to fifth highest on record. 
Estimated recurrence intervals for the 1997 Flood ranged fiom 14 years at Scott River to 37 years 
at SaImon River. The return interval was, 32 years on the Shasta River, 15 years at Indian Creek, 
15 years on the Klamath River at Seiad, and 18 years on the Klarnath at Orleans (Map 5). These 
intervals are preliminary, and were computed by the Federal Emergency Management Act 
(FEMA) 'method. , I 

OBJECTIVE #2: CHARACTERIZE EFFECTS OF THE FLOOD AND WHERE THEY 
OCCURRED 

, 
Area Affected by the Flood 

Major flood effects were concentrated on the west side of the Klamath National Forest, within the 
Klamath Mountains. Debris flows, channel alterations and damage to facilities were concentrated 
in an east/nor;theast trending baod across the northern half of the Forest (Map 2). Watersheds 
most affected were: Walker, Deep, Tompkins, Middle, Kelsey, Grider, Portuguese, Thompson, 
Independence, Elk, Indian (Happy Camp), and Ukonom Creeks (Maps 10- 12). 

, '  

Effects on Roads and Facilities 

As of March 1998, damage to Forest Service roads and other facilities has been assessed at about 
$27 million. This included 712 sites which qualified for Emergency Relief, Federally Owned 
(ERFO) funding. The total number of ERFO sites has grown continuously over time. The 
number used in computations for this assessment was 927. By November of 1998, the number 
has grown to around 1100 sites (including those which occurred in the winter of 1997-1998). 
Road damage was concentrated in the vicinity of streams (about 60% of sites). Failures at stream 
crossings were often the result of clogged culverts, and clogging was caused by debris flows, 
wood and sediment, and in a few cases excessive water. A bridge over the Klamath River was 
lost, and several smaller bridges damaged. Landsliding was a primary slope process on 34-61% 
of the damaged road sites. Road fill failures on steep slopes away fiom streams accounted for 15- 
18% of damage sites, and road cut failures 5-6%. 

County and state roads were also damaged along the Klamath, Scott, and Salmon Rivers. 
Damage to County and State roads consisted mostly of stream undercutting where the roads 
paralleled rivers and streams. However, numerous large slumps and earthflows damaged State 
Highway 96 between Happy Camp and Orleans. One of these landslides near Ti Bar moved 
slightly in 1997, then failed catastrophically in February, 1998, closing the highway for a month. 
Houses and other buildings were damaged or destroyed at Walker, Grider, and Kelsey Creeks, as 
well as near the Happy Camp airport. Campgrounds and their access roads were damaged in 



many areas. Fish habitat improvement structures were damaged across the Forest. a . 
, -. 1 

Effects on Stream Channels and Fish Habitat 

Air photo inventory revealed that about 446 miles of stream channel were altered by the flood. 
This constitutes about 16% of the mapped stream system within the study area. This figure does 
not include the main Rivers (Klamath, Scott, Salmon) which, if included, would add roughly 90 

more miles. The average density of altered channel in the photo area was 0.37 miles per square 
mile. Most of the larger flood-altered channels (such as Elk Creek) exhibited a general shallowing 
of pools, widening of the channel, and decrease in particle size (finer material) in the substrate. 
Mobilization of the substrate during the flood likely removed all fish eggs presentin str'eam 
gravels prior to the flood, and had adverse effects on invertebqafes and on the larval stage of the 
Pacific Lamprey. Post-flood gravels are unstable, and subject to mobilization, thereby placing the 
1997 crop of fish at risk. However, peak flows in the spring of 1997 were not very high, and 
steelhead eggs appear to have successfilly incubated. Pool depth appears to have been reduced 
in the areas most affected by the flood. . . 

, . 
Riparian vegetation was damaged or removed from some stream segments. Temperature 
increases in the summer of 1997 were documented at Elk Creek, and may have oocurred in , , 

Walker, Indian, Tompkins, Portuguese, and Ukonom Creeks, as well as the South Fork of the 3 

Salmon River. Large logs were mobilized in many streams, and re-positioned within the channels. 
Many of the accumulations are above the bank-fill channel. Additionally, channel widening 
undermined large trees in lower stream reaches, causing them to topple into the channel twhere 
many remain to the present time. They have not been systematically assessed, but a few 
observations can be made. Large boulder clusters and weirs in Elk and Indian Creeks as well as 
the South Fork Salmon appear to have weathered the high flows, though some were moved or 
buried. Cabled log structures were more often damaged, raised out of the channel, or removed. 
A small sample of log structures examined in middle Beaver Creek survived the high flows. 
These were oriented perpendicular to flow direction, and were embedded in both banks. 

Preliminary assessment of summer 1997 water temperature data indicate increases in Elk Creek, 
and possibly other watersheds. Water temperature at Elk Creek showed an increase in 1997 
relative to the period fiom 1990-1 995. The largest differences were in the instantaneous 

I 
maximum and in diurnal temperature. The fact that 3 1 day averages were only 0.5 degrees higher 
in 1997 than the 1990-1 995 mean, and even cooler than in 199 1 and 1994 is probably a result of 
higher diurnal variations in 1997 which would average out. The high diurnal variation was most 

I 
likely due to the loss of shade and shallowing and widening of the channel which allows more 
efficient heating during the day, and rapid cooling in the evening. I 
Landslides and debris flows uprooted large trees in the headwaters of Walker, Tompkins, Granite 
(upper Elk), Walker, and Thompson Creeks, and transported them downstream to gentler 
reaches. Debris flows and flood flows in some channels undermined banks and toppled large trees 

I 
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into streams where they remained through the summer of 1998. 

I OBJECTIVE #3: IDENTIFY THE NATURAL PATTERNS OF FLOOD EFFECTS AND 
THE INFLUENCE OF GEOLOGIC AND PHYSIOGRAPHIC FACTORS 

I A total of 1100 landslides were identified, (712 fiom air photos, and the rest from field sampling 
and ERFO site inventory): The distribution of landslides, ERFO sites, and flood-altered channels 

I show strong correlations with certain geologic and, physiographic ,elements of the landscape 
(bedrock and geomorphic terranes, elevation, slope gradient, slope aspect). These correlations 
are described below. 

Influence of Geologic and Physiographic Factors 

1 Landslide Distribution: (1) Bedrock Terranes- Landslide concentrations were highest in the 
Rattlesnake Creek Terrane, and Plutons (granitic lands), and lowest in the Western Jurassic 
Terrane (Map 6); (2) Geomorphic Terranes- The highest landslide density was on landslides 
active prior to 1997, inner gorge, and older landslide deposits. Glacial deposits and debris basins 
expressed the lowest density (Map 7); (3) Elevation- The highest landslide density was at 4,500- 
5,500 feet, and the lowest density was below 2,000 feet (Map 8); (4) Slope Gradient- Gradients 
of 40-65% had highest density, and 0-20% the lowest; (5) Aspect- Landslide density was highest 
on north and east aspects, and lowest on south and west. See Tables 1 and 4, and Map 3. 

Distribution of E M 0  Sites- ERFO sites are areas where flood damages (primarily to roads) 
qualified for Emergency Relief Federally Owned Funding. (1) Bedrock Terranes- ERFO sites 
were most dense in the Condrey Mountain and Rattlesnake Creek bedrock Terranes, and lowest 
in Sawyers Bar, Stuart Fork, Central Metamorphic Terranes and Plutons; (2) Geomorphic 
Terranes- The geomorphic terranes with the highest and lowest ERFO site densities were the 
same as for landslides (Highest = landslides active prior to 1997; inner gorge; and older landslide 
deposits. Lowest = debris basins, steep mountain slopes, and glacial deposits); (3) Elevation- In 
contrast to landslides, ERFO sites were most dense in elevation zones fiom 2,000-4,000 feet, and 
least dense above 6,000 feet; (4) Slope Gradient- Also contrasting with landslides, ERFO sites 
were most dense at slope gradients of 0-20%, and least dense on slopes >65%; (5) Aspect- 
ERFO density by slope aspect was similar to that of landslides, with highest density on north and 
east aspects, and lowest on south and west. See Table 2. 

Distribution of Altered Channels- ( 1 )  Bedrock Terranes- Stream channels modified by scour, 
deposition or damage to riparian vegetation (altered channels) were most dense in Plutons 
(granitic rock) and Rattlesnake Creek Terranes, and lowest in the Stuart Fork, Condrey 
Mountain, and Western Jurassic Terranes; (2) Geomorphic Terranes- Altered channels were 
most dense within the inner gorge geomorphic terrane (as expected) and active landslides, and 
lowest in undifferentiated mountain slopes; (3) Elevation- The highest density was at <2,000 feet, 
and 4,000-6,000 feet, and the lowest density was above 6,000 feet; (4) Slope Gradient- Slopes 



0-20 %'had highest density, and >65% the lowest; (5) Aspect- Density was highest on north 
aspect, and lowest on south aspect. . I S  

Natural Patterns of Flood Effects 

Greatest effects were observed in streams radiating outward fiom the Marble Mountain 
Wilderness (Map 2). The Siskiyou Crest (separating the Klamath River from the Rogue River 
drainages) also experienced considerable flood effects, and these continued northward into the 
Rogue River and Siskiyou National Forests. To a lesser degree, the Upper South Fork of the 

I 
Salmon River exhibited effects, and these effects were more pronounced immediately to the south 
in the headwaters of the South Fork Trinity River on the Shasta-Trinity National Forest (Steve 

I 
Bachmann and Abel Jasso, personal communication, 1998). Typical patterns included 
concentrations of landslides and debris flows in the headwaters of watersheds, typically those in 
Rattlesnake Creek Terrane or Plutons (granitic lands).  here is a marked absence of flood effects 

I 
in the SE half of the west side of the Forest (Map 3). It should be noted that the inventory of this 
part of the Forest was limited to aerial reconnaissance and field checking of roads. Air photos 
were not available. 

I 
OBJECTIVE #4: IDENTIFY THE INFLUENCES OF LAND MANAGEMENT 
ACTIVITIES AND FDRE ON FLOOD PROCESSES 

I 
8 

Roads 

Field and air photo observations revealed that of all land management activities, roads had the 
largest effect on flood processes. A total of 182 landslides identified on the air photo inventory 
were within the road corridor, (25% of the total), and the density in the road corridor was 27 

I 
times higher than that of undisturbed land. The primary road effects were: (1) Roads changed 
hillslope and channel hydrology; (2) Road earthwork changed soil properties (density, 

I 
permeability, and slope gradients); (3) Roads changed the mass balance on hillslopes (adding and 
subtracting weight). Road fills, cuts, and surface drainage influenced flood processes as follows: 

Road ~ i l l i -  (a) At stream crossings, road fills changed the configuration of channel beds, thereby 
causing diversions, and obstructing the passage of sediment and logs. These fills also contributed 
sediment to the stream; (b) On steep hillslopes, many fills became saturated and failed, initiating 

I 
debris flows; (c) Fills placed on the heads of slumps and earthflows added weight and initiated 
landsliding. 
Road Cuts- Road cuts intercepted subsurface flow, undermined slopes, and removed weight, 

I 
(changing mass balance). Also, local failures of road cuts blocked drainage ditches and diverted 
water. 
Road Surface Drainage- The road surface, inside ditch, and cross drains, altered slope 

I 
hydrology by conveying the water intercepted by road stream crossings, road cuts, and the road 
surface itself, and delivering it to new sites on the landscape. In some cases, road ditches 
conveyed water to stream crossings, and in others, they received water fiom diverted streams at 

I 
I 
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I crossings, and camed it down the road. 

I It w e  found that, roads had the greatest effect on flood processes and also experienced the most 
damagio in three geomorphic settin y: 

I (1) Stream Channel Environment- About 60% of ERFO sites occurred in or adjacent to 
streams. At stream crossings, roads diverted flows to new parts of the landscape, and obstructed 

, the passage of sediment &d logs. In some cases, the road bed served as a repository for sediment 

I which wduld otherwise have continued down the stream. Fills commonly shed sediment to the 
stream when culverts failed. Where the road paralleled the stream, the fill locally constricted the 
channel, and contributed sediment when it was undercut by flood flows; 

I (2) Landslide Deposits- On older landslide deposits ("landslide"geomorphic terrane) where roads 
undercut toe zones, loaded the heads of slumps, or intercepted water and delivered it to unstable 
portions of the landslide depasits. 

I (3) Steep Mountain Slopes- Here, many fills on steep slopes failed, particularly those placed in 
swales in sandy soil derived fiom granitic rock such as in the Elk Creek watershed. 

I Cumulative effects were evident where multiple roads traversed the same hillslope, particularly 
where landslides and debris flows interacted with road drainage. These areas experienced 
complex hydrologic interactions such as where a small fill failure on an upper road generated a 
debris flow which in turn caused multiple road stream crossing failures downslope. Similarly, 
long roaa segments with inside ditches uninterrupted by major drainage breaks, were prone to 
failure, (particularly when a stream was diverted down the ditch) unless well-defined relief dips or 
other breaks in drainage were present. Lastly, small fill failures on upper road segments 
commonly affected multiple crossings downstream. 

Rock Pits, Waste Areas and Timber Landings 

These features behave similar to roads and involve the same types of features on the landscape 
, (fills, cuts, and surface drainage features). Numerous waste areas and landings initiated 

landslides., As a consequence of the flood, there is a critical need for a large volume of rock (rip 
rap in particular) as well as for waste areas, where soil, and rock removed from damaged roads 
can be deposited. Landslides along Highway 96 during the 1997 flood and the 1998 landslide at 
Ti Bar caused an emergency need for suitable waste areas between Happy Camp and Somes Bar. 
About 100,000 cubic yards of debris from the Ti Bar Lanslide were hauled to a waste area in 
Orleans. The recent EPA sponsored capping of mine tailings fiom the Gray Eagle Mine in Indian 
Creek north of Happy Camp, created an immediate demand for earth material. These periodic 
emergency demands for sources of earth and rock materials (borrow pits), and places to dispose 
of earth and rock materials (waste areas) highlight the opportunity for the Forest to develop a 
strategy for managing borrow pits and waste areas. 

Timber Harvest and Fire 



~arveited areas had 'higher densities of landslides, and ERFO iites, but a lower density of altered 
channels than did undisturbed sites (Map 9). Harvested areas contained 37% of all landslides 
identified on air photos. The landslide density on harvested land was 7 times the rate on 

I 
undisturbed land. The rate for new harvest (1977 or younger) was 1 1 times the undisturbed rate. 
If landslides within road corridors are excluded, 13% of landslides inventoried on air photos were 
on harvested land, and the density on hawested land was 3 times the undisturbed rate, and the rate 

I 
on young harvest was 6 times the undisturbed rate. A total of 227 ERFO sites were identified on 
harvested land (31% of a sample of 744 sites), and ERFO sites were about 2 times more dense in 
harvestd areas than on timbered land. Altered channels were less dense in harvested areas than 

I 
in unharvested areas (the rate in harvested land w k  0.7 times the undisturbed rate). I 
Burned areas had higher densities of landslides, ERFO sites, and altered channels than did 
undisturbed areas. Areas burned at high and moderate intensity had about 8 times the density of 
landslides as undisturbed land, but if road corridor landslides are removed, the rate was 6 times 
the undisturbed rate. ERFO sites were about 2 times as dense on areas burned at high or 
moderate intensity in 1987. However, if all fires since 1977 are considered the rate is only 1.1 
times the undisturbed rate. The density of altered channels within burned areas (all intensity 
classes) was 2.4 times that in unburned areas. However, the density in areas burned at high to 
moderate intensity was actually lower than in unburned areas (0.9 times that un unburned land).' 

Summary: Effects of Roads, Timber Harvest and Fire 
I 

Some of the most important conclusions which can be drawn with Phase I findings are that: (1) 
Road stream crossings on the Klamath Forest must be able to accommodate debris flows. Debris 
flows are common natural process in the Klamath Mountains, and most streams will experience , 

them sooner or later. Only the largest of culverts are capable of passing debris flows, so it should 
be assumed that most pipes will become clogged and fail within their design life. (2) Many road 
fills on steep hillsides away from streams failed in 1997 causing considerable adverse watershed 
effects. We have the technology to make fills reasonably safe in most settings, and can greatly 
reduce the magnitude of adverse effects. (3) Road surface drainage caused landsliding, stream 
channel diversions and surface erosion in many areas. We have the technology to mitigate much 
of this problem; (4) Roads built across landslide toe zones had destabilizing effects on landslides. 
It is difficult to mitigate this effect, and in general, roads in this setting should be avoided. 
Similarly, fills on the heads of slumps activated some landslides. The mitigation for this effect is 
avoidance or minimizing fill size. (5) De-vegetated areas on landslide terrane produced large 
debris slides fiom toe zones with adverse effects. In such settings, the management objective can 
be to maintain vegetation on unstable slopes. 

The Phase I flood assessment has identified roads as an important point of origin for landslides 
and debris flows, but does not establish cause/effect relationships, nor quantifjl the volume of 

I 
sediment or miles of altered channels which can be attributed to roads. Phase I1 will address these 
questions for some sample watersheds. Some of the 1997 road-related landslides are obviously 
road-caused, such as where the landslide occurs entirely within a road fill, or where a large road 

I 
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I cut undermines a slope and triggers a slump. For others, the link is more tenuous, such as when 
. road cuts, fills, anddrainage effects are small relative to the size of the landslide. In these . , , 

situations, the road may be incidental to the landslide., I 

I OBJECTNE #S: IDENTIFY OPPOR~NITIES AND OFFER RECOMMENDATIONS 

( .  

' I 
Opportunities 

I * I I ,  

I There is an opportunity to learn from the flood and apply adaptive management to the repair of 
ERFO sites as well as to future road management (including inventory of restoration needs and 
decommissioning). This will allow restoration to focus on highest priority watersheds, and will 
greatly reduce the damage to roads and adverse effects to aquatic values in fbture floods. 
Further, there is an opportunity to better analyze the role roads and de-vegetated areas played in 
the total sediment budget of the 1997 flood, and to monitor the movement of sediment through 
flood-altered channels. There is a similar opportunity to apply adaptive management to future 
vegetation manipulation, fire suppression, and prescribed burning. 

Roads: Recommendations For Fills, Cuts, Drainage, and Spacial 
Distribution 

' I  

During this assessment. some convincing patterns emerged regarding road stream crossings and 
road-related landslides which likely apply across the Klamath Mountains Province as a whole. 
Recommendations have been developed to address them. It is strongly recommended that the 
guidelines in Appendix C be applied to all ERFO repairs, and also to future road location, 
design, maintenance, decommissioning, and upgrading. This will greatly reduce the costs of 
repairing the damage of future storms, and will also reduce the adverse watershed effects 
associated with roads. A summary of Appendix C follows: 

(1) Road Fills- For all fill repairs and new construction, assess foundation stability, and design 
and constnict strong, stable fills, including reinforcement and drainage as appropriate; armor fills 
subject to overtopping. Minimize fill size, and also, the fine particle component of the fill which is 
susceptible to erosion. For situations where fills may be needed but are not in the design package, 
a provision similar to provision C6.602 of the Timber Sale Contract may be appropriate. 
(2) Road Cuts- Stabilize road cuts which are prone to failure and consequences of failure are 
high (buttress or horizontal drains); 
(3) Road Surface Drainage- Eliminate inside road ditches unless a site specific need for a ditch is 
identified. Install positive dips and water bars on long, uninterrupted road segments with multiple 
cross drains to prevent failure of road ditches along in-sloped roads. 
(4) Cumulative Effects- Reduce road density (decommissioning) in areas where multiple roads 
cross hillslopes and interact hydrologically. 
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koads: ~ecommendations For Specific ~ e o m o r ~ h i c  Settings 

streak Environment- Minimize the number of road stream crossings (particularly multiple 
crossings on the same stream) and length of road on floodplains or paralleling streams. (1) At 
road stream crossings, maintain the natural channel geometry (horizontal and vertical) within 
road design constraints. Design crossings to accommodate 100 year flows and debris flows. In 
the event of debris flows, crossings should: (a) Survive overtopping without failing 
catastrophically; (b) Minimize the contribution of fine sediment to the stream; (c) Avoid causing 
stream diversions; (d) Minimize the volume of sediment which would be trapped upstream of the 
crossing if the culvert fails; (2) Roads paralleling streams, or on the floodplain should minimize 
constrictions to the channel and facilitate natural floodplain inundation. Areas susceptible to 
stream undercut should be armored. 

Landslide Deposits- Minimize the length of roads in this environment, particularly on active 
portions and toe zones. Roads in landslide deposits should maintain favorable mass balance 
(fostering stability of the slope), avoid placing fills on heads of slumps, avoid cuts on toe zones. 
They should also maintain natural drainage patterns, and avoid diverting off-site water to unstable 
parts of the landslide. 

Steep Mountain Slopes- Minimize the number and size of fills on steep mountain slopes 
particularly those on sandy soils in topographic swales with evidence of groundwater. Where 
avoidance is not possible. make the design responsive to site conditions, including th'e appropriate 
level of compaction, reinforcement, and subsurface drainage. Minimize high cuts into areas with 
unconsolidated deposits, evidence of shallow groundwater, or adverse structural features in 
bedrock. Where avoidance is not possible, cuts should be buttressed or drained as appropriate. 
This is particularly true where failures could deliver sediment to streams, or obstruct road surface 
drainage. 

Roads: Recommendations for Management 

Decommissioning- Use decommissioning as a tool to remove those roads with little utility to the 
transportition system and with the greatest potential for adverse watershed effects, both at the 
site specific level, and in terms of cumulative effects. Access and travel management plans in 
conjunction with NEPA assessments are essential in identifying and prioritizing roads for 
decommissioning. 
Maintenance and Upgrading- In addition to focusing on arterial and other high-use roads, 
emphasis should also be placed on: (1) Roads with highest potential for drainage-related 
problems; (2) Fixing the most fixable things such as culvert collection basins, drainage diversion 
potential and long uninterrupted cross drain situations, and outsloping. 
Inventory For Restoration Sites- Inventory should focus on priority watersheds, and identify 
problems which: (1) Have the Potential for large adverse effects; (2) Can be accurately identified; 
(3) Can be effectively repaired; (4) The repairs have a high costhenefit ratio. Recent work on 
the Klamath National Forest (Ledwith and others, 1998) revealed that while it was not possible to 
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predict which stream crossings were going to fail in 1997, it was possible to accurately predict 
consequences of such failures. This argues that we inventory fills and landings with the greatest 
potential for adverse effects (such as those which affect multiple road crossings downslope) and 
priontiz& for repair or upgrading. A recently submitted (1 1-5-98) grant proposal, Road/Strearn 
Crossing Inventory & Risk Assessment Klamath National Forest - Westside prepared by the 
Klamath National Forest is a good example. 

Rock Pits, Waste Areas, and Landings: Recommendations 
0 '  

4 , I  

Develop a Forest inventory of rock pits in particular, identifying rip rap sources. Identiijl 
(Interdisciplinary Team) waste areas in the Happy Camp to Somes Bar comdor of the Klamath 
River, adjacent to Highway 96. A process is underway, but needs to be completed. Inventory 
landings with potential to generate landslides. In cases where contract specifications for 
construction of a waste areadill have not been prepared for the project, provision C6.602 of the 
Timber Sale Contract may be appropriate. Conduct geologic investigations, including stability 
analyses as needed for rock pits and waste areas, attaining favorable mass balance, and drainage 
configurations. For rock pits or waste areas over 5,000 cubic yards in size, a development plan is 
appropriate. 

Vegetation Management: Recommendations 
I '  

Develop and apply vegetation management guidelines for Riparian Reserves. Guidelines in the 
recent Eddy Late Successional Reserve (LSR) assessment provide a good foundation. In timber 
harvest planning (outside the Riparian Reserve), avoid de-vegetating landslide deposits and 
granitic terrane with timber harvest over large contiguous drainage areas. This can be 
accomplished by utilizing skilled earth scientists during layout. Avoid denuding steep swales in 
granitic terrane which are prone to debris slides. Maintain down logs to interact with fbture 
debris flows, in balance with desired fuel loading. 

Fire Management: Recommendations 

(1) During suppression of wildfire, take aggressive steps to prevent high and moderate intensity 
fire in landslide deposits, dissected granitic terrane, and other unstable land. Apply watershed 
skills in the Resource Advisor role during suppression. (2) During prescribed bums, prevent high 
and moderate intensity fire on landslide deposits and toe zones and dissected granitic lands 
(particularly the swales) by appropriate mitigation measures such as pre-burning or hand piling 
fbel accumulations in these areas. This requires some field delineation of unstable lands such as 
toe zones and dissected granitic lands where there is a high risk of intense prescribed fire. 

Fish Habitat Improvement Structures: Recommendations 

Systematically assess the response of habitat improvement structures to the flood of 1997, and 



develop 'recommendations b r  future placement; maintenance, and monitoring. I' 
OBJlCCTIVE #6: EVALUATE THE EFFECTIVENESS OF PAST EROSION AND 
LANDSLIDE CONTROL MEASURES I 
Engineered structures survived the flood well, with only few catastrophic failures identified. In 
general, reinforced fills installed on sound foundations with subsurface drainage survived the 
event. Ho,wever, many structures on large landslides were deformed and damaged by 1997 

I 
movement. This is a common occurrence where a road is taken but by a relatively small 
landslide which is actually part of a much larger feature. The small landslide may be fixable, but 
the larger landslide is beyond the scope of ERFO stabilization. In these cases, the long term 

I 
potential for loss of the road are high, and this should be weighed heavily in considering 
decommissioning opportunities. A segment of the Steinacher Road in the Wooley Creek 
watershed was decommissioned immediately before the flood and emerged with only minor 

I 
erosion. Bedrock in this area is granitic, and the sandy soils are highly erodible. I 
OBJECTIVE #7: DETERMINE FLOOD-RELATED SEDIMENTATION RATES & 
COMPARE TO PREDICTIONS IN THE FOREST LAND AND RESOURCES 
MANAGEM~NT PLAN 

I 
Estimates of landslide sedimentation rates by geomorphic terrahe were not made as part,of this 
study due lack of time. This question will be addressed in Phase I1 of the flood assessment. 

I 
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Weather Factors & the Flood 

The New Year's day flood of 1997 caused extensive damage to roads and other facilities. Debris 
flows and high stream discharges altered channels, some dramatically. Motion of deep-seated 
slides was initiated. Although effects of the flood were widespread, certain watersheds seemed 
especially hard-hit. To explain the pattern of damage and to assess causes, it is necessary to 
define processes involved and to understand the role played by each. Weather played a central 
role. 

This section of the assessment will present climatological data and interpretatio s tbat a55, 

three chronological (& functional) section, followed by 
'2 consistent with the information. For discussion purposes, precipitation data will" it&esented in 

sedieRges stream flow, data sources & 
uses, and conclusions. The "fbnctional" part of the precipitation sections establishes conditions 
described in a model for "abundant debris avalanchesyy as presented in a paper by Cannon and 
Ellen 11985: Catifornia Geology, v. 38, no. 12, p 267-2721. Most of data collected is shown in 
the accompanying tables and plots (Figures 1- 6). We apoligize for the lack of Figure captions. 
Abbreviations used on the plots are (sometimes) found in accompanying tables. 

Antecedent Rainfall CNov 1 to Dec 25.19961; 

Fall rainfall amounts were moderately to substantially above normal. November precipitation 
amounts (Fig. 1A) ranged from 92% to 173% of normal. MZî stbf the pre-Christmas December' 
precipitation accumulated during a significant storm from D& 5 - Dec 10. Moderate amounts of ' 

precipitation came in a cold storm fiom Dec 21 - Dec 23. Snow was recorded on the ground at 
elevations as low as 1,800' (Seiad & Horse Creeks). Pre-Christmas December measured 
precipitation totals are shown in Figure 2 4  for westside stations, ranging fiom -6-8" (Yreka & 
Ft. Jones) to >20" (Happy Camp & Seiad Cr..). Amounts are typically 200% of normal for the 
entire month of December (Fig. 1A). 

California Dept of Water Resources operated remote snow sensors ("snow pillowsy') recorded 
the steady build up of the mountain snowpack, fiom almost none on Dec 1 to 7.4" SWC at Big 
Flat (at 5,100' ele) to 14.6" & 15.6" SWC at Bonanza King and Peterson Flat (6,450 ' & 7,150' 
ele). [SWC = snow water content; at density of 33% (typical for "settled" snow) implies snow 
depths of - 2' to 4' or more with densities <33%]. "Snow pillow" sites are located in the upper 
Trinity River basin, north of Trinity Lake. There are stations along the Trinity-Scott divide, 
including ones at Scott Mtn (near Hwy 3), Middle Boulder Lake, Peterson Flat, Big Flat (near 
the FS campground on the upper South Fork of the Salmon River). Snowpack depths recorded 
around Dec 25 are moderately above normal for this time of the year. 

This above-normal antecedent precipitation playedan important role in the flood event to follow. 
The sub-soil (sub-surface) was recharged with moisture to the point that subsequent water could 
not be absorbed at high levels. The fbl thickness of the soil mantle was brought to field 
capacity. 



The Storm Event CDec 26 to Ja n 2 or31- 
I 

Beginning after Christmas a series of wet & warm storms hit California & the Pacific Northwest 
(nicknamed the "pineapple" express, because their origin in the central Pacific, around Rawaii). 
Daily,rainfU amounts (and event totals) are shown in Fig. 2A and plotted in Fig. 2B. , 

Temperatures were consistently warm and remarkably did not vary much by elevation time of 
day. Recorded highs and lows for Dec 28 through Jan 1 ranged fiom daily lows of 34" @ec 30) 
to 38" F (Jan 1) and highs of 39" to 48" F' recorded at "snow pillow" sites that ranged in 
elevation from 5 100' to 71 50'. 

Despite the warm temperatures and heavy amounts, of rainfall, snow runoff appears to have 
played a significant role in the flooding. According to the Corp of Engineers' Snow Hydkology 
manual, it would take about 10" of rain to melt 1" of snow at 48" F air temperature. Rain water 
is simply absorbed and frozen into the snow mass, increasing its density, but leading to NO 
runoff. Not until a density of -55 % is reached does snow becomes 'water-saturated' and 
melt/runoff can occur. Almgst 7" of rain would have to fall on 10" SWC at 33% density to 
increase the snowpack to 55% density and saturation/melt/runoE Rain totals approached this 
amount, suggesting that some runoff might have occurred, but not in significant quantities. 
"Snow pillow" readings of 'snow water content' at several stations confirm this, showing only 
modest snowpack losses. 

The Flood Event KDec 30 to Jan 21: 
I 

Beginning Dec 30, rainfall intensified. "Snow pillow" gauges recorded intensities of between 
.38" and .42" per hour at four station over the last six hours of 1996 (6:OO PM - Midnight, Jan 1; 
Fig. ZC), producing 6 hr totals of over 2". During the last 18 hrs of Dec 3 1, totals of 4" to > 5" 
were recorded. Daily totals fiom Siskiyou County stations record lesser amounts (Fig. 2A & 2B) 
over the same time periods. However, these readings were fiom low elevation "valley" stations, 
and may not reflecconditions "up slope." 

Although the heavy precipitation may not have caused significant snow melt/runoff, the rainfall 
intensity & duration may have caused a perched ground-water table of sufficient thickness to 
have caused slope failures. 

This period of intense d a l l  activity caused flood stage discharges in all streams. Peak flows 
were measured at diierent gauging stations at different times, but all coincided with this peak in 
rainfall. Five stations recorded peak discharges the evening of Jan 1 (550 PM to 10:30 PM, Fig. 
3). For reasons unknown, the Trinity River station showed peak flows the evening of Dec 3 1 
(10:30 PM), and the Indian Creek station, the evening of Dec 30 (8:45 PM)!!! 



Stream G a u s  D a t ~  

Peak discharges were recorded at seven gauging station in the area. A summary is shown in 
Figure 3. Historic annual peak flow data was collected for these same gauging stations. ,'This 
information is presented in tabular form (Fig. 4) and plotted as histograms (Figures 5A, 5B, 5C, 
5D, 5E, SF, 5G). Included in Figure 4 is the computed recurrence interval associated with each 
annual peak flow. This value CT") is simply the years of recorded data (+I), divided by the 
ranking of that particular discharge (against other recorded annual peak flows). For example, the 
1997 (estimated) peak flow of 91,000 cfs for the Salmon River ranks 2nd (behind the 1964 peak) 
and there exists 73 years of data for that station; therefore, T = (73+1)+2 = 37. This implies a 
recurrence interval of 37 years, which means (by FEMA rules), the probabiity of a peak annual 
flow of this magnitude or larger occurring in any given year is 1+37, or prob = .027. (See bottom 
of Fig. 4, for more details). 

This methodology for assessing probabiity and recurrence interval associated with flood stage 
discharges was driven by administrative needs of FEMA to assign (insurance) risks to property 
adjacent to streams. It may or may not make hydrological sense. The maximum recurrence 
interval that can be assigned to any event depends on the number of years of data available. The 
popular practice of comparing high flows to the so-called "100-year flood" events technically 
can not happen until 99 years of flow measurements are made. With this in mind, calculated 
recurrence intervals for the 1997 flood at each station are shown in Figure 3. 'Recurrence ' 

intervals' vs. 'peak annual flows' is plotted for each station and shown in Figures 6A, 6B, 6C, 
6D; 6E; 6F, 6G. 

Along with kurtosis, 'skewness' measures how values are distributed about their mean. In a 
"well-behaved" data set, values are evenly distributed about their mean and when plotted, create 
a symmetrical "bell-shaped" curve. In this case, 'skewness' = 0. Summary Statistics section of 
Figure 4 show skewness values the peak annual flow data for each gauging station. Indian, 
Scott, Klamath (at Seiad), and Salmon Rivers have very similar values, ranging fiom 2.26 to 
2.65, while Trinity and Klamath River (at Orleans) cluster at 1.6. Indian Creek's peak annual 
flow data have a 'skewness' value of 4.01. This 'skewness' is reflected in the upwards-bending 
curves on the "T" vs "Q" plots of Figures 6A,..,6G. Plotting Klamath data would produce an 
asymmetric, lop-sided "bell" (?) curve. Skewness values of less than one (<I 1 1) generally mean 
that the data set approximates a "normal" or "binomial" distribution. The Klamath discharge 
data is skewed toward the high flow end of the data set. 

Implications of this are as follows: 
(I) Widely used 'yearly probability & recurrence interval' models are built on the assumption 

that annual peak discharges fit a binomial distribution, with (absolute) 'skewness' values 
< 1. Klamath data do meet the basic criteria of the model, which suggests that 
probabiility/recurrence interval predictions should be accepted with healthy skepticism. 

(ii) High positive skewness values suggest that the Klamath pattern of flood discharges is 
characterized by relatively low mean annual flows, punctuated by high flood events. 



I Mean peak annual flows are poor predictors of the magnitude of large flood event 
discharges. 

The New Year's dav flood of 1997's  lace in history: 

I while not matching up to the flood stage discharges recorded of 1964, this year's flood does 
represent a sigdcant "hydrological" event. In general, peak discharges for the 1997 flood are 

I 
on a level with flood stages recorded in 1955 and 1974 (Fig. 4,5, 5 4 .  ..,5G, 64 . .  ., 6G). 
Typically, 1997 flood peaks rank between 2 & 5 (Fig. 4), but when peak volume numbers [cfs] 
are compared, they are not significantly diierent fiom those of 1955 and 1974. For example, 

I Klamath River at Seiad station recorded peaks as follows: 1974 = d26,000; 1955 = 122,000; 
1997 = 1 17,000. And for the Scott River station: 1955 = 38,500; 1974 = 36,700; 1997 = 34,300. 

Precipitation information was collected from numerous sources. These sources are shown on 
Figures 1A & 2A. This information was plotted on Figures 1B & 2B. Snow condition, hourly 
temperature, hourly and daily precipitation data for stations in the Trinity River basin (see note 
Fig. 2A) was downloaded fiom the Snow Survey WEB site. Historic peak annual river discharge 
data (Figures 3 & 4, & plotted on Figures 5 & 5 4  ..., 5G and Figures 6 4  ..., 6G) from stream 
gauges operated by the USGS (US Geological Survey) were downloaded from their WEB site. 
1997 flood peak discharges were obtained via telephone conversations with USGS personnel in 
their Reddiig Field Office. 

Raidall information for areas most affected by the stormklood event on the westside of the 
Klamath National Forest was obtained from relatively low-elevation "valley" stations. Remote 
weather stations at higher elevations do not operate properly in the winter due to freezing. The 
only (detailed) data that might reflect conditions in higher elevation "upland" settings was 
provided by the remote snow sensor stations ("snow pillowsyy) mentioned above. Extrapolation 
of this data to our areas involves some uncertainty. Certain evidence, however, supports this 
extrapolation with some degree of confidence: 
[l] Rainfall patterns for the storm event @ec 26 - Jan 2) appear regional consistent, showing no 

evidence of major local variations in intensity or duration (i.e., nohally high 
precipitation areas received more than areas of normally low precipitation) Fig. 1A & 
1B; Fig. 2A & 2B]. 

[2] Temperature readings are consistent with those fiom KNF-operated RAWS [remote operated 
weather station] on Collins Baldy, and in agreement with local weather reports of "high 
snow lines" during the storm. 

[3] Peak rainfall intensities and amounts over the evening of Dec 3 11Jan 1 are consistent with 
peak discharges recorded at stream gauging stations, and seem to coincide with timing of 
destructive debris flowflandslide events Fig 2B & 2C). 



Conclusions; 

While severe weather tri&ered and exacerbated mass-wasting events, and intense pfecipitation 
caused floodiig in most streams, no evidence was found to suggest local variations played a 
major role in the damage pattern. Data did not show that areas more heavily damaged by 
floodig received substantially more precipitation. Since weather information was limited to 
low elevation ''valley" sites, with wide and patchy distribution, and not set up to provide hourly 
readiigs, we can not categorically rule out the possibiity that rainfall intensity &lor duration 
played a larger role. 

As mentioned in the introduction, Cannon and Allen (1985) present a model in which certain 
rainfall conditions must be met in order for "abundant" debris flows to result. The necessary 
conditions of their model were defined as a result of a study of six major storm events that hit the 
San Francisco bay area between 1955 and 1982. Certain storms that hit the area wjth high 
intensity (inches rain per hour) and long duration (typically > 24-30 hrs), yet lacked antecedent 
rainfall, failed to produce abundant debris flows; likewise, for storms with antecedent rainfall, 
but lacking in either high intensity or long duration rainfall. 

Plotting rainfall conditions on an 'Intensity' vs 'Duration' graph led to the creation of thresholds 
across which storm events must cross in order to produce abundant debris flows. Those 
thresholds are shown in Figure 8, along with hourly rainfall data fiom the "snow pillow" stations 
rn~PlfiBi~ed above. Both thresholds are crossed during the 5 or 6 hours before midnight on Dec 
3 1 and into the morning hours of New Year's day 1997. Although caution must be exercised in 

' 

applying parameters generated elsewhere to local conditions, the data of Figure 8 is suggestive. ' 



MONTHLk a EVENT Precipitation Amounts fmm Laad & Regional Sites 1 Local Flooding in a Larger Climatologicm context 1 
December 

- Bold = KNF d o n  
Italics =private station - 

of 'storm' total [12/20 - 1/31 to 
Dec tota; = 690/&, see above 

Figure 1A 



DAILY Precipitation Amounts from Local Sites I 
Local sites 

Dec 30 0.26 1 1.20 1.21 1.34 1 0.66 0.26 0.68 ................. ...................................................................................... ................. ...................................................................................... 
31 :i:iiiii~iag .......... ...................................................................................... ;;;;i;;;ug; ;i;i;iia;u; ii;;iiizijqs i;;i;;igjmi 0.60 ;;;;i;;;p:ig ................. ................. ..................................................................................... ................. ............................................ ....... ....... \I Jan1 3 :32 ::::::::*2~; iii;i;;;9'imi iiiiiiizG$ ;i;;;f;$im.; 0 90 ;i;;:iilzaz :::::::. i' : ::::::::. ....................... . . . . . . . .  ................. ...................................................................................... ................. ...................................................................................... ........ ........ ........ ........ ........ Jan 2 ........ f P... ::iiiiiigig$i i ! i i f ~ ; i ~ i ~ ~ i  1... ;;i!liiiXfif! 9: . fi!!f!!Qiwi 1 .... 0.44 .......... ..... .::::::$1T i:""" 

X 
I 

Jan 3 1 0.32 1 0.901 0.92 1 0.30 1 1.061 0.28 ( 0.73 
I I I I 

Event Totals: 
W26-Jan31  8.65 15.32 13.93 10.17 7.24 2.54 7.80 

Focusing on time period. of Storm & Flood Events: Dee 26 to J& 3 I 

Snow survey sites operated by CA Dept of Water Resoma. 
Thee stations contain electronic equipment that measures . 

snow water content, precipitation, and air temperature. 
Most transmit this data on an hourly basis. 

Big Mumbo Scott i l ighhd P~~QSOM 

Flat Basin Mtn Lake Flat 

These sites are located in the Trinity River upper basin, . . 

generally north of Trinity Lake. 

Although set up to monitor snow conditons in the Trinity 
Basin, the Big Flat, Scott Mtn, Peterson Flaf and Middle 

I Boulder sites lie along the Trinity - Scott divide. 



oak soma ftJones yreka weed french horse mum big 
hap-cmp sawyers glnest horn slater seiad bfl sct Pet 

Figure 2B 



Rainfall Intensity vs Duration 
6:00 AM Dec 29 to 12:OOAM Jan 2 

b 

Figure 2C 04/24/97 

0.5 

0.4 

n 

3 .n Os3 
Y 

& 
.n a 
Q) 

CI = 0.2 

0.1 

< 

0' 
0 20 7PM 40 - 60 Midnight 80 

Dec 30 Jan 1 
100 

Duration [hrs] 



' Klamath ' Shasta ' Scott ' Klamath ' Indian - ' Salmon ' Klamath ' - Trinity ' 
, River , River , River , River , Creek , River , River : River : 

below near . below at Seiad nr Happy . * nr Somes at . abv Coffee 
Station Name: ' Irongate ' . Yreka ' Ft Jones ' - Valley ' Camp ' Bar ' Orleans ' Creek - ' 

- I  I I I - 

General: , , , , , 1 I 

'. .' I , a .  

USGS Station #: 
- - - - - - - - - - - - * - - -  

' 1.1516530 ' 11517500 ' 11519500 ' 11520500 ' 11521500 ' 11522500 ' 11523000 ' 11523200 ' - , -  - - - - - C -  - - - - - , -  - -  - - - - , - -  - - - - r - - - - -  
- 8 -  - - - - - - , - - - - - - , - - - - - . - I  

Drainage area [sm]: 4,630 793 653 6,940 * 120 .7511 . 8,475 
I I .  

149; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gage datum [ele, ft]: - -  - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2,162.44: 2,000.00 2,623.80 1,320.00 : 1,198.37 : 482.97 353.98 2,536.93 
Base discharge [cfs]: 

I 

630 : 2,700 : . 10,000 : 3,100: 10,000 : 40,000 : 2,300 : 
- - - , , - - - - - - - - - - - J - - - - - - L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Years of recorded data: 38 ' 62 ' 56' 60 ' 46' 73 ' 70' 41 ' - - - - - - - - - - - - - - - - - , - - - - - - . - - - - - - , - - - - - - - . - - - - - - . - - - - - - , - - - - - - - , - - - - - - * - - - - - - ,  
Average annual peak - - - - - - - - - ,- - - - - - - 8,347 2,255 * 10,228 29,990 8,136 * 25,388 83,8 14 -, - - - - - - - - - - - - , - - - - - - - , - - - - - - r - - - - - - , - - - - - - - , - -  - - - -  7,080 I 

1 - - - - -  - I 

Median annual peak 7,235 1 1,380 e 7,095 19,650 7,135 21,000 1 65,600 1 5,580 @ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I .  I I I I , 

\ 
I , -, I I I I C) 

1997 Flood Event: I I - '. I 

I ' .  I I I ' 
* I , I I 

Event peak flows [cfs]: 11,400 ' 34,000 ' 1 17,000 ' 21,200 ' 91,000 ' 272,000 : 20,400 : . - - - - - . - . . - . . . . . : .  - ~~"P?!"?!' - - - - - - - a -  - - - - - - I - -  - - - - - L - - - - - - 1 -  - - - - - - 8 -  - - - - - -  - - - - - - 
Date: ' J a n 1  Jan1 ' J a n - l  ' Jan1 ' Jan1 ' Jan1 - - J a n 1  J a n - '  - - - - - - - - - - - - * - - - - , - - - - - - . - - - - - - , - - - - - - - , - - - - - - * - - - - - - - , - - - - - - - , - - - - - - * - - - - - - ,  

Time: I 07:OO PM 06:30 PM a 0550 PM * 10-:30 PM * 08:45 PM 
I 1 .  - I I I 

* 04:45 PM ; 10:30PM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Max recorded Q [1964*]: t 29,400 , 21,500 e 54,600 I 165,000 @ 39,000. 133,000. 307,000 : 26,500 @ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- I 

1997 as % of Max [1964*]: : 70% 53% 1 62% , 71%- 54% 68% 1 89% 77% : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ranking of 1997 flows: 2 2 4 4 -  ' 3 

6 I 4 I 3 I 2 I I - - - -  - - - - - - - - - - - - I - - - - - - L - - - - - - ~ - - - - - - - I - - - - - - L - - - - - - I - - - - - - - I - - - - - - A - _ - - - - ~  

Est. Recurrence Interval 19.5 yr - ' 3115 yr 14.4yr 15.3 yr - ' 15.7 yr * 37.0 yr 17.8 yr * 21.0 yr _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - - - - - - - - - - - . - - - - - - - . - - - - - - - - - - - - - . - - - - - - - . - - - - - - - _ _ . _ _ - _ .  

* = except Trinity Rv station, where max was recorded in 1974 

Gauges. 123 Figure 3 





L Peak Discharges for each Water Year at Gauging Stahon - with Recurrence Intemals I 
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C Peak Discharges for each Water Year at Gauging Stahn - with Recurrence Intervals 1 I 

. Summary Stabshcs; 

3 Figure 4 04124197 

Rank 

6 1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

Salmon Scott Indian 
Date 

1212 1/40 
0611 0133 
03/13/39 
03112187 
1213 1/54 
0311 813 1 
02/22/49 
0412913 5 
03/04/9 1 
0311 0144 
05/21/29 
12/08/93 
09/29/77 

Date 
Klam Rv at Seiad 

Indian 

Date 

Scott Salmon 
Q ldsl 

count 46 

max 39,000 
min 848 

mean [m] 8,136 
median 7,135 
variance 41,911,543 

std dev [sd] 6,474 
stmd err 955 

ske-ess 2.6583 

Tbrsl Q lcfsl 

8,100 
7,750 
7,660 
7,560 
7,500 
7,250 
6,730 
5,880 
5,830 
4,420 
3,770 
3,210 
1,810 

Q lets1 Date 

Ql&l 

56 
54,600 

290 
10,228 
7,095 

108,813,448 
10,431 
1,394 

2.2570 

. 

Klam Rv at Seiad 
Thrsl 

46 
47 

1.02 
4.55 
2.00 

58.92 
7.68 
1.13 

4.1909 

T lyrsl 

1.21 
1.19 
1.17 
1.16 
1.14 
1.12 
1.10 
1.09 
1.07 
1.06 
1.04 
1.03 
1.01 

T[yral Q lefsl Q lcfsl 

T l m l  

56 
57 

1.02 
4.69 
2.00 

73.69 
8.58 
1.15 

4.6320 

Q ldsl 

60 
165,000 

2,970 
29,990 
19,650 

1,086,113,419 

32,956 
4,255 

2.2704 

T [yrsl 

Q [cfsl 

73 
133,000 

1,810 
25,388 
21,000 

459,826,250 

21,444 
2,510 

2.5058 

T lyml 

60 
6 1 

1.02 
4.76 
2.00 

79.66 
8.93 

.. 1.15 
4.7892 

T lyrsl 

73 
74 

1.01 
4.94 
2.00 

99.30 
9.97 
1.17 

5.2603 



i r Peak Discharges for each Water Year at Gauging Stahon - with Recurrence Intervals I 
I Indian I Salmon 

Rank - I Date Q lcfal I T lynl I Date Q [cfsl I T [yrsL 
I I I I '  I I 

kurtosis 9.6977 11 9.2206 1 1 8.4463 b1.2766 

Scott 

correlation w/ Qmax 
covariance wl Qmax 
coef of var 79.57 
JlOO*sd/m] 

Date Q l d l -  I Tlyral 
. .~ . . 

Klam Rv at Seiad 

+=q+q=Ll 

0.9457 
45,973 
168.53 

* = 'goodness' of fit parameters 

84.46 

regression f Q & T Q = 17,7211 In (T) Q = [24,!571] In (T) Q = [10Q42] In (T) Q = [33,068] In (T) 

Note: 

0.9074 
191,247 
201.59 

Q = maximum peak flow for a given water year [Oct 1 to Oct 11 
T = Predicted Recurrence Interval, calculated using the equation T = (n + 1) 1 r , 

where n = years of data [i.e., # of yearsrecorded annual peak flow measurements] 
r = rank of associated peak flow [Q] [e.g., the largest recorded peak flow is ranked 1, etc.] 

COD* 
codelatio * 
stand dev o para* 

Figure 4 

0.9495 
0.9756 
238.8 

0.9495 
0.9756 
238.8 

0.8735 
0.9468 
259.5 

0.9398 
0.9697 
500.3 



for each Water Year at Gauging Station - 4 t h  Recurrence Intervals I 
Shasta Trinity Klam Rv at Orleans Klam Rv at Irongate 

Rank Date Q lcfsl I T ~yrsl Date Q Ids1 I T lvral Date I Q lcfsl 1 T Iyrsl Date I Q lcfsl I T [yral 
I I I I I I I I 

1 Figure 4 04/24/97 



&eak Discharges for each Water Year at Gauging Station - witb Recurrence Intervals I 

Rank 

3 1 
32 
3 3 
34 
3 5 
3 6 
3 7 
3 8 
39 
40 
41 
42 
43 

\ 44 
h 
45 
46 
47 
48 
49 
50 
5 1 
52 
53 
54 
5 5 
56 
57 
5 8 
59 
60 

I Date 
t 
i 

05/08/71 
12/22/72 
11/10/83 
04/01/66 
Oq/05/79 
11/12/84 
04/14/62 
05/08/76 
03/04/91 
12/10/93 
09/28/77 

- 

T lyrsl 

2.03 
1.97 
1.91 
1.85 
1.80 
1.75 
1.70 
1.66 
1.62 
1.58 
1.54 
1.50 
1.47 
1.43 
1.40 
1.37 
1.34 
1.31 
1.29 
1.26 
1.24 
1.21 
1.19 
1.17 
1.15 
1.13 
1.11 
1.09 
1.07 
1.05 

Date 

12/05/66 
12/01/60 
01 105166 
1 2/18/4 1 
0 1/07/48 
01/15/36 
01/19/50 
0211 4/45 
0 1/04/46 
12/21/61 
1 1/22/88 
1 1/28/84 
01/08/90 
02/23/68 
0211 0149 
02/26/76 
0411 5/37 
02/22/59 
09/06/9 1 
0111 1/79 
1 2/03 180 
021 1 3/47 
01/16/88 
la1 9/72 
01/07/35 
0 1 102187 
0312713 9 
11/15/76 
0211 6/92 
11/13/54 

Trinity 
Q lcfsl 

3,270 
2,840 
2,840 
2,780 
2,740 
2,630 
2,400 
1,730 
1,650 
1,480 
555 

Klam 
. Date 

40-02-28 
43-01-21 
01/01193 
52-02-02 
88-11-22 
84-1 1-12 
28-03-26 
36-01-15 
64-01-20 
37-04-14 
87-12-10 
01/01/96 
41-12-02 
6 1 -02-1 1 
53-1 1-23 
90-01-08 
32-03-19 
45-03-13 
,79-01-11 
50-03-17 
80-12-02 
72-12-22 
61-12- 19 
40- 12-21 
75-11-15 
87-03-12 
49-02-22 
54-12-3 1 
46-1 1- 19 
38-12-03 -- 

Shasta 
Q lcfsl 

1,390 
1,370 
1,310 
1,270 
1,060 
1,000 
924 
847 
823 
784 
745 
728 
725 
705 
568 
552 
500 
492 
440 
436 
428 
403 
352 
344 
331 
312 
303 
240 
233 
228 

T lyrsl 

2.03 
1.97 
1.97 
1.85 
1.80 
1.75 
1.70 
1.66 
1.62 
1.58 
1.54 

Klam 
Date 

87-03-1 8 
79-01-02 
76-11-14 
81-03-31 
88-02-28 
90-12-28 
01/01/94 
91-12-02 

- 

Rv at 
Q lcfsl 

70,300 . 
68,400 
68,000 
67,600 
66,800 
64,400 
60,300 
60,000 
59,900 
59,500 
58,800 
58,000 
58,000 
57,600 
57,500 
56,700 
51,600. 
48,400 
48,200 
41,900 
40,300 
38,400 
38,300 
36,500 
35,100 
32,600 
30,200 
26,900 
26,700 
26,500 

Orleans 
T Iyrsl 

2.29 
2.22 
2.15 
2.09 
2.03 
1.97 
1.92 
1.87 
1.82 
1.78 
1.73 
1.69 
1.69 
1.61 
1.58 
1.54 
1.51 
1.48 
1.45 
1.42 
1.39 
1.37 
1.34 
1.31 
1.29 
1.27 
1.25 
1.22 
1.20 
1.1 8 

Rv at 
Qlcfsl 

3,350 
3,320 
3,120 
3,120 
2,890 
2,430 
1,833 
1,000 

Irongate 
Tlyrsl 

1.26 
1.22 
1.18 
1.18 
1.1 1 
1.08 
1.05 
1.03 



-scharges for each Water --- Year at Gauging Station - with Recurrence Intervals I 

Figure 4 

: . Summarv Stabsbcs: 

Rank 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 

Trinity Klam Rv at Orleans 

Shasta 

Date 
Shasta Klam Rv at Irongate 

Klam Rv at Orleans Trinity 

count 
max 
min 
mean [m] 
median 
variance 
std dev [sd] 
stand err 
skewness 

Date 

05/07/94 
01/03/34 

T lpl 

1.16 
1.15 
1.13 
1.11 
1.09 
1.08 
1.06 
1.04 
1.03 
1.01 

Date 

91-03-04 
92-04-17 
31d03-28 
3 3-06-09 
01/01/94 
35-04-16 
31-03-18 
28-12-29 
44-03- 1 0 
77-09-29 

Date 

Q[&] 

70 
307,000 

7,800 
83,814 
65,600 

***+*+**+*+ 
68,282 
8,161 

1.6003 

Q lets1 

4 1 
26,500 

555 
7,080 
5,580 

32,745,900 

5,722 
894 

1.6061 

Klam Rv at Irongate 

Ql&] Q lcfsl 

25,400 
22,200 
21,300 
19,900 
19,000 
18,000 
17,600 
13,700 
13,500 
7,800 

~ l y m l  

70 
70 

1.00 
5 
2 

95 
10 
1 
5 

T lyrsl 

41 
42 

1.02 
4.43 
2.00 

5 1.66 
7.19 
1.12 

3.9608 

Q lchl Q lefsl 

62 
21,500 

166 
2,255 
1,380 

10,240,174 

3,200 
406 

4.0132 

Q lcfsl  

218 
166 

Tlyrsl Q lcfsl  

T lyrsl Tlyrsl 

62 
63 

1.02 
4.79 
2.00 

82.68 
9.09 
1.15 

4.8625 

T lynl 

1.03 
1.02 

T [ynrl 



(Peak Discharges for each Water Year at Gauging Station - with Recurrence Intervals I 

Figure 4 

regression 
COD* 
corrlelatio 
stand dev o 

Rank 
Trinity Klam Rv at Orleans 

Q = [2,720] In ('I) Q = [6,962] In ('I) Q =  [???I I n 0  

Date 
Shasta Klam Rv at Irongate 

0.7748 
0.8978 

146.1 

TIyral 

16.961 1 

0.8814 
35,367 
162.13 

Date Date 

- 

0.9745 
0.9925 

110.3 

Ql&l 

2.0433 

0.7899 
5 17,528 

T lyral 

26.4432 

0.981 1 
28,086 
189.67 

Ql&l 

2.3646 

80.82 

Date 

kurtosis 

correlation 
covariance 
coef of var 
[lOO*sd/m] 

Tlyml 

30 

Qldsl Q Ids1 

19.9521 

141.89 

Tlyral 
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Peak Discharge by Water Year m Shasta River Salmon River 

Indian Creek s Klam Rv at Seiad 
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Peak Flows & Recurrence Intervals 

4 Klamath River at Seiad 

Figure 6C 
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Summary Characterization of ERFO Sitea I 
[by Terrane, by Unstable Terranes, by Riparian Reserve Component, by Oeo 13 , by Fire,& by Plantation] 

Unstablehigh Sediment 
Terrane ' ERFOs Producing Terranee 

% of Yo of 
Surficial 2 Terrane # of Tot Terrane Tot ERFO %I 
Sawyers Bar 10 ERFOs ERFOs Acres Acres acre% 
Candrey 102 
Eastern Hayfork 22 Condrey 102 13.4% 92,524 5.6% 2.4 
Stuart Fork 13 Western Jurassic 42 5.5% 14,835 0.9% 6.1 
Sbt71sf) 1 Plutons 174 22.9% 409,363 24.9% 0.9 
Western Jurassic 42 Rattlesnake Cr 266 35.0% 509,778 31.0% 1.1 
Central Met. 9 Totals: 584 1,026,502 
NarthFork 10 Percent of total: 76.8% 623% 1.2 
Plutons 174 
Rattlesnake Cr 266 Other terranes 180 23.6% 616,410 37.5% 0.6 

Debris basins 0 0.0% 1 9,23 5 1.1% 0.0 12 Plantations: 147 

Qg, Qf Q, m. 30 3.9% 152,259 8.4% 0.5 13 <1977.[75] 
> 1977 [72] 

.Totals: 760 1,819,759 
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111. EFFECTS OF THE FLOOD ON FISH HABITAT 

By: Juan de la Fuente, Sharon Koorda, Nels Brownell, Jim Kilgore, Polly 
Haessig, Cal Conklin, Jon Grunbaum, Bill Bemis, Orion Dix, Robbi Van de water, 
Bill Snavely, Ken Baldwin, Allen Tanner, Dave Payne, A1 Olson, Tom Reed, Mark 
Maghini . . 

INTRODUCTION 

The following preliminary findings are based on our field observations, and 
prior aerial and raft reconnaissance of some areas. Field trips included the 
following: 

3-19-97 Beaver Creek, Klamath River, Scott River, Tompkins Creek 
3-27-97 Grider, Walker, Indian, Elk, Clear, Dillon, Wooley, Main 

Stem Salmon River. 
3-31-97 North and South Russian, North Fork Salmon, South Fork 

Salmon, Methodist Creek, Knownothing Creek, Hotelling Gulch, 
Upper South Fork Salmon River. 

1. Ranking of Channel Disturbance- There was a broad range of channel 
disturbance exhibited by the streams we visited. They are listed below in 
order of decreasing disturbance (loss of riparian vegetation, scour, 
deposition: Some of the streams were visited at times other than the dates 
listed above. 

1. Walker and Deep Creeks. 
2. Grider, Portuguese, Tompkins, Middle, Kelsey, Oneil, Ukonom Creeks, Upper + 

South Fork Salmon, upper Beaver, Horse Creek. 
3. South Fork Salmon from East Fork to Forks of Salmon, Canyon Creek, Lower 
Beaver. 
4. South and North Russian, East Fork Salmon, North Fork From South Russian to 
Forks, Main Stem Salmon Below Forks, middle Beaver. 
5. Dillon, Clear, North Fork Salmon above Idlewild. 

2. Effects of Bed Mobilization- Mobilization of bed material likely destroyed 
most of the 1996 crop of fish eggs in gravels in most channels. This 
widespread mobilization is also likely to have had a large adverse effect on 
the larval stages of the Pacific Lamprey which spends 6 years of its life cycle 
in the channel substrate. Substrate mobilization is likely to'have a 
widespread adverse effect on the aquatic community. Most aquatic organisms are 
closely associated with the substrate during winter and its associated cold 
water temperatures. Fish species (particularly salmonids, and lamprey), 
aquatic invertebrates (including crayfish, and insects), utilize the substrate, 
and were likely impacted. While macroinvertebrates will recolonize the system 
quickly, fish species will take longer. 

3. Stability of New Gravels- The post-flood gravels in Elk, Indian, Grider, 
Walker and similarly altered channels are unstable, and susceptible to 
mobilization should high flows occur later this year, particularly if the 
landslides in the headwaters shedimore sediment to the stream system. Thus, 
the survival of eggs in these new gravels is questionable. 

4. Pools- There appeared to be considerable reduction in size and depth of 
pools, particularly in alluvial reaches, in Elk, Indian, Grider, Walker, 
Tompkin, and lower Beaver Creeks. Similarly, pools in South Fork Salmon from 
Summerville to the East Fork appear to be smaller and shallower. The impact 
appears to decrease farther downstream in the South Fork below the East Fork. 

5. Shade- Most of the alder shade, and locally, large conifers were removed 
from the main stem of Walker and Deep Creeks and several tributaries. Roughly 
40% of the riparian vegetation (20-35 year old alders) was removed from 
alluvial reaches of Elk, Indian, Tompkins, Middle, and Grider Creeks. The 
greatest potential for increased water temperatures exists in in Walker and 
Indian Creeks, as well as Elk, Grider Upper South Fork, particulary where loss 
of vegetation was accompanied by widening and shallowing of the channel. A 



considerable amount of the alder shade'was removed from the middle and upper 
reaches of the South Fork Salmon. The implications to stream temperature are 
likely increased summer water temperatures. There will likely be a cummulative 
effect downstream on the entire Salmon River basin. Tributaries to the South 
Fork, while not capable of delivering enough cold water to reduce overall 
temperatures, will be critical for providing cold water refuge to salmo~id 
fishes late in the summer. There may well be fish die-offs this season based 
on pa,st temperature data in the South Fork. In previous years, sublethal 
temperatures have been reached. 

6. Fish Habitat Improvement Structu,res- Large boulder clusters and wiers in Elk 
and ~ndian Creeks appear to have weathered the high flows, but cabled log 
structures were more often damaged or removed. Large rock structures were 
also observed to have survived though somewhat altered in the South Fork 
Salmon. More than 5'0% of the fish structures placed in the upper South Fork ' 

over the past 15 years have been impacted. The river obliterated rock and 
boulder structures designed to narrow and deepen the channel for summer low 
flows. Boulder clusters and a surprising number of woody structures in the 
South Fork remain in the system. At Elk and Indian Creeks, may log structures 
were washed away or floated up and deposited well above the active c-h,aanI!nel ... -..I.n , , 

Middle Beaver Creek, several log structures perpendicular to flow direction and 
anchored in both banks survived with minor damage to abutments. Boulder 
structures there generally survived, with local deposition. 

7. ~ggradation at stre& Mouths - Aggradation at the mouths of Grider and Walker 
Creeks could pose a problem to fish migration, but we did not examine the 
mouths of these creeks. Grider was being reworked by the irrigation ditch 
intake. Walker Creek has been channelized in its lower reaches, as was 
Thompson Creek. 

8. Substrate Composition- There was a general increase in fine sediment in 
alluvial reaches of the more altered channels, particularly in areas where 
sedimentation made the channel wider and shallower. This included the 
presence of finer gravel in the tailout pools. 

1 
, , 

OPPORTUNITIES 

The following opportunities have' been identified: 

1. Monitoring of Channel Conditions- We have the opportunity to monitor the 
evolution of aggraded channels. This should focus on important stream 
segments across the forest, and the entire Forest watershed and fish group 
should work toward answering questions. We need to consolidate Forest 
monitoring into a few creeks, so that better integrated data can be collected 
and used for regional interpretations. Monitoring of channel conditions 
should include changes in stream temperature as channels revegetate, and the 
rate and character of natural revegetation. We have an opportunity to see 
change since the spring of 1988 when riparian vegetation was mappped on major 
bars on the lower North Fork and Lower South Fork Salmon (Powell's report). 
We need to re-run the earlier profiles in Indian and Beaver Creeks and the 
Salmon River, as well as V* pools and pool depth measurements. We have 
residual pool depth and volume measurements in the Salmon River dating to 
1987. 

2. Channel Restoration- While natural revegetation is likely to occur at a 
rapid rate in most areas, there may be special cases where artificial 
revegetation should be considered. Channel manipulation may be warranted in 
cases where highly disturbed channels have lost fish access at their junctions 
with the Klamath River (such as Grider, Walker, and Thompson Creeks) due to 
aggradation, or where channelization has created a situation adverse to fish 
passage. Access to tributaries along the North and South Forks Salmon River 
does not appear to be an issue. Channel manipulation may be warranted in some 
areas, preceded by a rigorous analysis of the biologic, hydrologic, and 
geomorphic processes at play. 
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DESCRIPTIONS OF CHANNEL CONDITIONS 

BEAVER CREEK 

1. Beaver Creek Above the Campground- Above the Beaver Creek Campground, flood 
effects consisted primarily of bed mobilization, local bank undercuts, road 
undermining, and very minor abrasion of 20-30 year old alder stands in the 
floodplain. In this area, the channel gradient is 1-2%, the creek about 30 
feet wide, and the affected floodplain about 40-100 feet wide. Peak flows at 
the sites we visited ranged from 4-6 feet above water levels of 3-19-97. 
Aggradation occurred in at least two of the sites visited where V* data had 
been recorded in the past. Similarly, about 3 feet of aggradation and a few 
feet of bank erosion occurred at site where the District has pre-flood cross 
section data immediately above the bridge over Beaver Creek at the junction 
with Hungry Creek. One bedrock channel area appeared little modified by the 
flood. Most of the mobilized woody debris was smaller than 20?? inches in 
diameter and 20??? feet long. Two log wiers Hungry Creek survived the flood 
intact, with minor erosion of one abutment. The logs were installed, 
perpendicular to the channel. Similarly, many logs cabled to the banks 
survived. Since the alders are little damaged in this reach, shade will not 
change appreciably. 
Opportunities for monitoring??? Rerun profiles, and V*, fish habitat surveys, 
establish new cross sections to measure sediment movement, survey structures to 
see if they survived and are still functional (what worked/survived and what 
did not). 

We visited a log wier above Hungry Creek, with the log about 36 inches in 
diameter, and spanned the creek for about 30 feet in width. There were also ' 
many single trees cabled to che banks in the vicinity. Channel gradient was 
about 2% in this area, and peak flows got to about 5 vertical feet above the 
current water level. Another log wier about 100 feet upstream had survived 
the flood, but channel had scoured benind some boulders placed to protect the 
end of the log on the west bank. 

We visited one of the District's V* Pools (#4). This pool lies at location - - - - - - - -  , and is a natural pool which developed downstream of some large (4? 
feet diamater) boulders in the channel. Much of the pool was filled in, and it 
was estimated that some of the lower parts of the pool which had been about 3 
feet deep were now about 1 1/2 feet deep. A profile was run here in the past. 
Peak water levels got to a height about 6 feet higher than current levels. 
Downstream of the pool, the channel had scoured the west bank an area about 20 
feet wide and 18 inches deep. 

Hungry Creek V* Pool- This pool where V* measurements had been taken was almost 
filled with sand and gravel. The gradient on Beaver creek here is about 
1/2%.' Most of the 4-8 inch alders on the floodplain survived with minor 
battering. Sand derived from granitic rock was evident in both the Hungry 
creek channel and the Beaver creek channel. 

Hungry Creek Cross Section Site- A District cross section site is located 
about 100 feet upstream of the bridge over Beaver Creek. It revealed about 3 
feet of aggradation near the west bank, and the east bank steel pin had been 
eroded away indicating a widening of about 4 feet. In sum, the channel widened 
here and got shallower. The cross section was last measured in 1995. This is 
a straight channel segment, with alders and 20 year old pines growing on the 
floodplain which received some water (about 5 vertical feet above current water 
level). We observed an alder stump which was 20-25 years old, giving an idea 
of the last time the floodplain was stripped of vegetation. There was also a 
large cottonwood (about 24 inch diameter) on the floodplain which was probably 
more than 60 years old. 

2. Beaver Creek From the Mouth to Beaver Creek Campground- (Observations of 
Allen Tanner, Nels Brownell and Sharon Koorda) 
In this area, the channel ha's been significantly altered. The spawning habitat 
has increased to cover,the majority of the reach as the transported bedload 



began dropping out in this generally lower gradient, less constricted portion 
of the stream channel. However the channel also underwent widening and 
braiding with creation of mid channel gravel bars and in some areas created 
side channels in the flood plain leaving "islands" of riparian areas. The 
widening also took out banks and riparian vegetation so the channel flow, as 
well as being spread out and more shallow, is also receiving more solar 
exposure so a decrease in water quality (higher temperatures) can be expected. 
There has also been a loss in the complexity of habitat, most of the-pools-.are - . 
gone as well as woody debris in the channel. The majority of the wood 
transported in the flood is caught up on the banks lying within the high water 
zone. There does not appear to be a problem with embeddedness of the spawning 
gravels as most of the deposition of fines has occurred along the banks 
creating sandy beaches and point bars. To recap the initial observations: 

a. Spawning gravels/habitat has been greatly increased. 
b. Complexity of habitats has been decreased. 
c. Decrease in water quality (higher temperatures) is expected. 

At its mouth, Beaver creek created a new channel where it enters the Klamath 
River, a short distance (50 feet) downstream. The old channel was filled with 
sand and.grave1. There was about - - - -  feet of aggradation under the bridge 
under Highway 96 at Beaver Creek, and upstream from the bridge, there was - - - - - - -  feet 'of ,aggradation across the broad flpodplain (200?? feet wide). The 
channel was extensively braided. It appeared that most of pre-flood alders 
4-12 inches in diameter survived the flows, and served to catch woody debris, 
and locally deflect the channel. 

TOMPKINS CREEK 

Observations of Jim Kilgore- The sites we visited on Tompkins revealed that the 
majority (70-90%) of the 20-30 year old alder cover along the creek survived, 
though there was considerable abrasion on trunks, and local areas where small 
stands had been removed. In general, the debris torrents' inability to remove 
all vegetation, created numerous new "meandersu in the stream that were absent 
in the channel created as a result of the '64/'74 event. This may translate 
into increased habitat complexity, such as more numerous pools. (Data to be 
collected this year on Tompkins Creek could be compared with fish habitat data 
gathered in the latter 80's to test this assumption). From the low water 
crossing down, the channel bed was stair-stepped, and consisted mostly of 
unsorted large rock with only very small pockets of sorted gravels. With the 
exception of the lowest reaches of the east fork, gravels appeared to be much 
scarcer than before the flood. Many trees along the streambanks have been 
toppled but most are still suspended above the bankfull zone. In the future 
this wood should add to habitat complexity. Presently, shade is expected to be 
reduced and this reduction is likely to have a measurable effect on stream 
temperatures. This effect may be large enough in the short term to negatively 
affect summer rearing. (Some sections of the stream will not develop suitable 
"shade" canopies for several years). Over-wintering fish populations, such as 
steelhead ( h  possibly coho) were probably negatively affected by the debris 
torrent. (Planned summer observations on Tompkins Creek may also be able to 
partially address this assumption). Presently, most stream substrates, 
including spawning gravels, are only crudely sorted as to size. Gravels 
contain high levels of "fineu material (sand size and smaller). The reduction 
in gravel (amount and quality) is very likely to limit spawning opportunities, 
especially in the short term, until future increased flows begin to re-sort 
substrate material. Spawning and rearing opportunities should be increased in 
the long term as spawning gravels and riparian vegetation "recover" and as 
presently suspended wood more directly influences channel processes and creates 
more complex habitat. Fish passage is not thought to be a concern due to small 
& local falls created by woody debris. 
At present, the district desires to install a permanent Stream Condition 
Inventory (SCI) on the anadromous reach extending from the ItPotatoe Patchu area 
upstream to the old low-water crossing site, a distance of about 1.1 stream 
miles. (This monitoring protocol would measure pool frequency and quality, 
large wood concentrations, average substrate size, shade, streambank stability, 
establish several x-section sites, etc.) . If funding allows, a long-term 
longitudinal profile could be installed on a distance of 20-30 bankfull units 
to track elevation changes and channel recovery of banks, pools, stream widths, 



etc. Also desireable, would be l).the creation of several electroshocking 
reaches to, track population 'Irecoveryt1 of 'salmonids and other aquatic species 
and 2) initiate and continue aquatic macroinvertebrate sampling over a several 
.year period according to. established protocols to track changes in insect 
populations as stream conditions change. 

KLAMATH RIVER AT LITTLE HUMBUG AND BARKHOUSE CREEK 

I 1. Mouth of Little Humbug Creek- (Observations of Sharon Koorda) During the 
flood, Little Humbug Creek abandoned its channel on the fan immediately above 

I the Klamath River, and flowed through an old channel which enters the Klamath 
River about 500??? feet upriver of its original junction. Much of the Klamath 
River baseball field was covered with large cobbles, and this field lies about 
30???? vertical feet above current water level on the river. 

I 2. Mouth of Barkhouse Creek- (Observations of Sharon ~oorda) The main flow in 
the Klamath River now flows in an old overflow channel which is immediately 
below Highway 96. Previously, the main river channel was to the south where it 
is joined by Barkhouse Creek. 

I 
3. Klamath River From Irongate to Orleans- This section needs to be assessed 
andwrittenup. 

SCOTT RIVER 

1. Mouth of Scott River- Flows at the mouth of the Scott River had gotten up 
near the bottom of the bridge, and we noted fine sand deposits about 23 
vertical feet above current water level immediately downstream of the bridge on 
the east bank. It appeared the main channel had deepened itself below the 
bridge. Above the bridge, two channels of the Scott River converge, and the 
eastern channel, which was an overflow channel appeared to have deepened. 
Between these two channels, there appeared to be considerable aggradation, as 
evidenced by a bar about lo?? feet thick. An old debris slide on the west bank 
about 600?? feet upstream of the bridge experienced a small reactivation in its 
lower part. There was a large bar on the Klamath River immediately downstream 
of the confluence with the Scott which appeared to have aggraded a few feet. 
This used to be a driveable river access. In summary, the main channel 
appeared deeper on the Scott, but there was evidence of aggradation also, so we 
couldn't say whether the Scott River bottom was higher or lower than before the 
flood. The bridge would be an easy place to monitor such changes. 

2. Lower Scott River- The lower several miles on the Scott River experienced 
considerable bed mobilization in alluvial reaches, in places up to 300??? feet 
wide. There were new, clean gravel bars as well as accumulations of woody 
debris. These accumulations occurred at a frequency of - - - - - -  per 1000 feet 
of channel, and the average wood size was - - - - - -  feet in diameter, and - - - - - - -  
feet long, with the largest - - - - - -  feet long and - - - - - -  feet in diameter. 
Alder in the size class of 4-12 inches generally survived/was taken out??? by 
the peak flows. In non alluvial reaches, little modification of the channel 
was evident, and riparian vegetation was bent over and scarred but usually not 
removed. 

3. South Fork Scott River and Valley Segment of Scott River- This section 
needs to be assessed and documented. The South Fork Scott River appears to 
have experienced considerable alteration. 

GRIDER CREEK 

1. Grider Creek Campground- Much of the campground had been flooded and was 
covered by fine sand and woody debris. The creek had undercut the margin of 
the campground, leaving a vertical bank 3 - 4  feet in height. This portion of 
Grider Creek appears to have experienced considerable aggradation, patches of 
alders had been removed, but perhaps 70%? had survived the flood, and the only 
damage the survivors recieived was abrasion on the trunks. The alders were 
probably vintage 1964. There appeared to be considerable aggradation, and the 
bed material had been mobilized across much of the floodplain. Mobilized bed 



material varied from fine gravel to 3 foot diameter boulders. Above. the 
campground, the channel appeared to be a little steeper and contained mo,stly 
large boulders (>3 feet in diameter). Large logs were locally caught up in the 
alders. ' We.discussed the liklihood ~f~increased summer water temperatures due 
t o  loss of ripariari vegetation, but since we did not have a,good idea of 
proportion of the alders removed by'the flood, could not estimate the level of 
the problem. We talked about the instability 'of the spawning gravels and how 
high flows later this spring could remove any eggs layed by steelhead or 
salmon., The foot bridge was taken .out. 

2. Upper Bridge Over Grider Creek- There was aggradation in a bedrock swimming 
hole upstream from the bridge. Dowhstream, there were large accumulations of 
logs, and the alders had been stripped from much of the riparian area. 

3. Summary Observatiohs- Limited data available (air recon) indicates that from, 
Rancheria Creek to the mouth, Grider Creek experienced much aggradation, 
patches of .alders were removed, and channel shifts, and'meanders developed in 
lower reaches. Abundant large logs were transported and deposited on.the 
floodplain and alpng' the ch'annel, often caught against alder stands. Numerous 
debris flows entered Grider Creek from Grider Ridge. .---- ...- --.- * ..- 

WALKER CREEK 

We visited the lower bridge crossing of Walker to view channel changes in this 
creek. The entire channel bed was mobilized and carried large logs. This was 
the most disturbed of the channels we visited. Large amounts of deposition 
had occurred, and the channel had later incised 2-3 feet back into the debris. 
We discussed the possibility of a channel obstruction upstream of the bridge 
over Walker Creek playing a role in the surge of debris which traveled through 
the creek and overrode Highway 96 downstream. The water was slightly turbid, 
due to the movement of bed material. 

ELK AND INDIAN CREEKS 

Observations by Jon Grunbaum- Effects of the flood on channel characteristics, 
ripariah vegetation, and fish habitat were similar in Elk and Indian Creeks. 
Observations of effects in these creeks will be described together. The 
character and magnitude of some of the flood effects appeared to depend on 
degree of channel constraint and valley morphology, while other effects were 
consistently observed throughout the stream segments that were reconnoitered. 
Flood effects in Elk and Indian Creeks is described for: 1) effects observed 
throughout all stream segments; 2) effects observed in alluvial reaches; and 3 )  
effects observed in transport reaches. For this discussion, alluvial reaches 
are defined as depositional stream segments that occur where the valley floor 
is wide and stream channel is unconstrained by high banks or adjacent 
hillslopes. Sediment is often deposited in alluvial reaches and may remain 
there for long periods of time before being transported downstream again by 
subsequent flows. Transport reaches occur in places where the stream channel 
is narrow because it is constrained by high channel banks or because-the 
hillslopes of narrow valleys impinge upon one or both sides of the stream 
channel. Much of the sediment entering transport reaches passes through 
quickly without being deposited for long. The overall proportion of alluvial 
versus transport reaches is given for the surveyed segments of each creek so 
that the extent of flood-related disturbance can be fully assessed. 

Surveyed Stream sections 

In Elk Creek, flood effects were observed in the mainstem from the 11 Mile 
Bridge to the mouth - excluding the 'whooping devil' gorge (RM 4.7 to 5 . 0 ) .  
River Mile 4.5 to mouth was surveyed on March 17. RM 11.0 to 5.0 was surveyed 
on March 29. Access for surveys was via inflatable kayaks. 

In Indian Creek, flood effects were observed in the mainstem from the confuence 
of Mill Creek (RM 12??) downstream to confluence with the Klamath River. The 
lower 4.5 miles (starting from the area commonly known as Buchannan Falls and 
moving downstream to the mouth) was surveyed in its' entirety on March 20 .  
Access was via inflatable kayaks. Mainstem Indian Creek reaches between Mill 
Creek confluence and Buchannan Falls were spot checked by hiking in to various 



sites or by'viewing the creek from Indian Creek Road. 

Flood effects observed throughout surveyed stream segments 

During the flood, much more sediment was delivered to the mainstems ofoElk and 
Indian Creek than these streams were capable of transporting downstream. ,. 
Excessive sediment recruitment into the surveyed reaches was evidenced by the 
in-filling of former depressions in the streambed by silt, sand, gravels and 
other mobile substrate particles. Sedimentation of the mainstem reaches has 
serious implications for anadromous fish populations because much of the 
spawning and rearing habitat in the Elk and Indian watersheds occurs in the 
mainstem reaches. 

The effects of excessive s,ediment loads was particularly apparent in pool 
habitat. Pools that are critically important for habitat diversity and refugia 
for salmon, steelhead, and resident trout were completely filled in or greatly 
diminished is size and depth. Almost all pools were filled in to some degree 
and most were 50% or more filled in. Bars composed of sand and small gravel 
were commonly observed in pool tail-outs and in places that were formerly deep 
areas of pools. Pools in narrow bedrock gorges were least affected but it was 
still obvious that even these pools had lost some volume and depth due to 
in-filling. 

Substrate composition in pool tail-outs and other prime salmon and steelhead 
spawning areas changed as a result of the flood. The average diameter of 
substrate particles in spawning areas appeared to be much smaller post-flood. 
This could have implications for spawning success and survival'rate of 
incubating eggs. In many spawning areas the gravel size may be too small to 
entice spawning by chinook salmon. Excessive fines may increase mortality rate 
of incubating eggs by restricting the interstitial flow of water necessary for 
delivery of oxygen and flushing of metabolites. Excessive fines can also 
entrap newly hatched fish within the gravel thereby reducing rate of successful 
emergence. , 

Perhaps the biggest threat to successful repoduction by salmon and steelhead 
that has resulted from the flood is instability of the streambed, particularly 
areas of the streambed that are typically used by salmon and steelhead for 
spawning. At high flows, the depth and area of scour is much greater in 
channels in which streambed instabilty is increased as a result of excessive . 
sedimentation and increased fractions of smaller-sized sediment particles. 
Increased depth and area of scour results in decreased reproductive success 
because more individual eggs, or entire redds, are dislodged during high-flow 
events. Degree of egg washout from unstable spawning beds will be largely 
dependent upon magnitude of peak flows. Egg mortality will increase rapidly 
with increases in size of peak flows - at least in the next few years. 
Excessive gravels and fine sediments delivered during the flood will take many 
years to be moved out of these stream systems. It may take up to 10 years or 
longer for these streambeds to regain a level of meta-stability so that 
non-flood peak flows will not result in high egg mortality. This estimate 
assumes that another large runoff event will not deliver another large slug of 
sediment before streambed stability is neared. 

Excessive streambed scour will occur in conjuntion with large pulses of 
sediment being transported and redeposited in other locations. In contrast to 
reproductive failure due to loss of eggs because of scour, egg incubation and 
hatching success could also decrease because of excessive deposition over 
redds, which could suffocate eggs and entrap hatchlings. 

The flood caused widening and shallowing of the active stream channel and loss 
of riparian vegetation. This was observed along the entire length of surveyed 
segments, although much more pronounced in alluvial reaches. Increased heating 
of the stream in summer is likely because there is less vegetative canopy to 
shade the streams and because water flowing in wider and shallower stream 
channels is more prone to heating from solar radiation and increased surface 
area in contact with warm air. 

Aquatic invertebrate populations, the primary food source of rearing salmonids, 
were drastically reduced by scour and deposition during the flood. These 



populations are expected to rebound quitkly, probably within a year or two, and. . 
should not present any serious prey.shortages for rearing fish. In the 
short-ter;m,a food shortage could occur this spring and summer if there was a 
strong run of coho.and steelhead post-flood and hatching rate was high due to 
low flow conditions that have persisted since the flood. 

Most fish enhancement structures that were constucted of logs were washed out 
of the. creeks or pushed up on the channel margins and no longer cont-$-c~>-ng ,,the - 
wetted channel. Boulder structures placed to increase habitat diversity fared 
better by staying in place or at least not being moved far. However, many of 
the placed boulders were buried or partially buried in thick deposits of 
sediment during the flood. 

Flood effects observed, in alluvial stream segments 

Largescalq changes in channel characteristics and riparian vegetation were 
observed in alluvial stream segments, while'transport reaches appeared less 
disturbed. Alluvial channels comprise approximately 10% of the stream sections 
surveyed on Elk Creek and approximately 15% of the surveyed portions of Indian 
Creek. 1 

In alluvial stream sections thick deposits of sediment were deposited over most 
of the stream channel and adjacent floodplains, although in some instances 
large tracts of floodplain were eroded away. Heavy sediment loads carried with 
the flood water raised the level of the stream channel bottom during the height 
of the flood causing the streamflow to spread out and increase erosion of low 
terraces and distant streambanks. As the flood peaked a thick lens of sediment 
was deposited over large areas of the former channel and on adjacent 
floodplains. The fact that the streambed was elevated during the flood was 
evidenced in many areas where old stream channels were re-established or new 
stream channels were formed within days after the flood, as decreasing flows 
with lower sediment loads quickly cut through through the lens of sediment that 
composed the top of the streambed during the flood. 

Because ,of' the massive aggradation occuring on these"alluvia1 flats during the 
flood there was quite a bit of channel instability occurring. Channel 
instability was manifested by radical channel re-alignments and channel 
braiding. This channel instabilkty contributed to loss of riparian and 
floodplain vegetation as new channels, were constantly being scoured through 
adjacent floodplains and revegetated remnant or overflow channels. . 
Excessive deposition buried riparian vegetation in places and filled in most 
depressions in the former stream channel. Approximately 30% to 60% of the 
riparian vegetation (mostly alder and willow) growing on these alluvial flats 
was buried or removed by the flood. Scour, physical impact by a floating 
objects, and deposition appear to be the primary factors resulting in loss of 
riparian vegetation. As noted earlier, loss of riparian vegetation coupled 
with widening and shallowing of stream channels may allow excessive heating of 
water during the summer months, which in turn could reduce growth and survival 
of rearing, salmonids. 

In addition to the loss by washout or exceesive sediment deposition that 
occurred throughout the surveyed'stream segments, incubating salmon eggs in 
alluvial reaches may have been left stranded in 'dry' streambeds in sections 
where channel realigments occurred. As excess sedlment from this large storm 
event is moved out of these creeks new channel migrations are likely as the 
channel repositions into some stable configuration. Washouts, burial, and 
stranding of incubating eggs are possible during such channel reconfigurations. 

Flood effects observed in transport stream segments 

In transport stream segments there was less channel widening and mortality of 
streamside vegetation was not as great - probabaly'averaging about 20%. Much 
'of the alder immediately adjacent to the stream was removed by scour or impact 
during the flood and the channel banks were scoured clean of moss and other 
vegetation in many places. Loss of this streamside cover in these segments has 
minor implications for direct solar heating of Indian Creek because canopy 
cover and shading will still be provided by trees that are near the wetted 



I channel but that survived because they were slightly higher up the steep stream 
banks and/or hillslope. Topographic shading also provides some protection from 
direct solar heating in the channel types. Widening and shallowing of stream 
channels in these sements has occurred which has increased the air/water 

I surface area, but channel widening was limited by channel constraint. Spawning 
is less common in transport reaches but does occur. Spawning areas in .. 
transport reaches are also likely to be unstable because large pulses of 
sediment will pass through these reaches as excess sediment is (moved out of 

I these stream systems. 

I East Fork Elk Creek- (Observations of Ken Baldwin) While East Fork Elk creek 
exhibited little evidence of alteration at out site visit, there was a good 

I 
debris flow and wash-out of a road fill on the west side of upper East Fork of 
Elk Creek. Also, there is a general pattern of flood effects in Elk and 
Indian Creeks. Areas of deposition (middle Indian and middle Elk) in 1997, 
coincided with areas of deposition and ''damage" during earlier floods in the 

I 
1960's and 1970's. This is part of the distinction between East fork and Main 
Elk Creek. It's too early to access the amount of landsliding in these areas. 
The East Fork of Elk seems to me to be cleaner, less sediment in storage than 
be£ ore the flood. 

I Observations by Dave Payne- On Saturday March 29th, Jon Grunbaum and myself 
floated E1K Creek. We started at the bridge at the eleven mile marker and 
floated to the five mile bridge. We noticed right away4that former deep pools 
had substantially filled in. A mini gorge starts the trip. At the end of this 

I gorge is where the road bed was substantially damaged ($240,000 + ) .  It was hard 
to recognize the creek as large granite cobble were piled high replacing alder 
trees that had been uprooted and washed downstream. 

I 
The creek has changed character. Last season this section was a more defined 
pool-drop type of float. The flood seems to have transformed the run into a 
more continuous gradient type float with non-stop easy whitewater. The creek 
seems really shallow. Former deep pools were shallow to non-existent. Earth 
slides moved large boulders into the creek creating exciting new rapids in a 

I couple of spots. 
I Near Cougar Creek falls large deposits of granite boulders have dramatically 

changed the look of the creek. On the private lands the creek bed seems to have 

I raised as floating along one can now view four structures that were never 
visible before. Much of the riparian alders have been knocked down. Huge 
deposits of woody debris and granite cobble have been laid down, and the creek 
channel seems to have straighten out. What was once a closed alder canopy is 

I 
now a wide open swath creating distant views to the surrounding ridges. It is 
warm and sunny, with sandy beaches.'It is still beautiful, although it is quite 
different looking from one season ago. 

Downstream of the private lands the creek re-enters another mini-gorgewith a 
tight canopy section that did not receive as.much flood damage. The alders are 

- still intact. It seems that the deposition of tremendous amounts of .woody 
debris upstream,saved this area from excessive change. Changes did occur in two 
spots were earth slides moved huge boulders into the active stream channel. 

I These created really fun rapids. 

I On one unnamed tributary, a blowout down to bedrock occurred. This has created 
a small waterfall that is visible from the creek. 

We saw the remnants of log fish structures scattered throughout the run. 
Individual logs with wires were deposited in scattered places. I do not 
remember geeing any log fish structure remaining intact. Boulder clusters 
placed as fish structures were still in place,. We saw portions of six highway 
culverts in flood deposits along the creek. These look as if they could be 
removed with float tubes. The remnants of a '20's vehicle were uncovered and 
are in a place were they can be removed without'having to float. We saw little 
other human trash. 

The flood transformed this six mile creek run into a really fun continuous 
whitewater gem that is worth'visiting. 



CLEAR 'CREEK: 

0bserva;ions by Jon. Grunbaum- The mainstem of Clear Creek was observed from 
Slippery Creek to the mouth on March 19th via inflatable kayaks. Much new 
spawning gravel had been recruited into this stream segment by the flood but 
sediment deposition was not excessive. Pools appeared to be as approximately 
as deep as before the flood and residual pool volume appeared to be just' 
slightly lower than before. Some braiding was noted on one especially wide 
tail-ou+t/riffle area, indicating that at some point during the flood sediment 
recruitment rate was nearing the transport capacity of the streamflow. NO 
remnant elevated flood streambeds were observed as in Elk and Indian Creeks 
except at the Klamath River confluence. 

~lthough there was a distinct line high on the channel banks indicating that 
very high flows had occurred, much of the moss and other vegetation on the 
banks was,intact. Overall alder mortality was,5% or less. 

. . 

From a fish habitat perspective the surveyed segment of Clear Creek was 
actually improved by the scouring action of the flood and the deposi&ion of new 
spawning gravels. 

Observations by Dave Payne- I floated Clear Creek yesterday with Jon Grunbaum. 
We were checking flood related damage to creek, reconning cleanup debris, and 
checking scenery on Clea,rview Unit near mouth of Clear Creek. The river canyon 
survived with very little ,disturbance. Flowers are blooming below the high 
water mark! Possibly 5-10% of the riparian alders were uprooted or broken off. 
The umbrella plant root clusters%re still in place on the canyon walls. A high 
water line is noticeable in a few spots in the lower canyon. One active earth 
flow had knocked down large trees. This is an enlargement of a slide that has 
been active in the recent past and is noticeable from the Clear Creek road. A 
new rapid had formed where a second slide deposited large boulders in mid 
channel. Jon'noticed positive differences in spawning gravels on some pools. It 
seems some excellent spawning habitat was laid down in many areas. Management 
of the snags outside of unit lines on the Clearview unit has left downed trees 
and a f,ew stumps visible from the water. The evidence of the clearcut is more 
apparent now. Should flush cut stumps We noticed a small logjam in South Fork 
Clear Creek, didn't have time to check site of former huge logjam. Also noticed 
lots of silt in South Fork ClearlCreek. Saw 1 logging cable to remove from 
canyon. 

DILLON CREEK 

Observations by Jon Grunbaum- The lower 0.3 mile of Dillon Creek was oberved on 
March 27th and 28th. Observations were made at the mouth from the Highway 96 
Bridge and from the Dillon Creek campground, and upstream from the campground 
via the trail that follows the creek for several hundred meters. 

As in Clear Creek, fish habitat in Dillon Creek appeared to benefit from the 
flood in terms of scour and recruitment of new spawning grayels. Alder 
mortality,was very low (many alder as small as 3 inches in diameter growing on 
cobble bars next to the creek survived). 

SALMON RIVER 

1. Lower Salmon River Below Steinacher Creek- Observations by Jon Grunbaum- The 
lower Salmon River from Butler Creek to the Mouth was observed from the road on 
many occasions between January and April. The passage of high water through 
this reach was readily apparent. The prima,,yjl.fitfect of the flood on this 
segment of the Salmon River was transport aiE f%?~l-gl of m u  material off of 
the high cobble and gravel bars that charac cs:,z6I1t is stretch. On most bars 
it appeared that from one to three feet of stored sediment was transported 
downstream. It did not appear that much of this sediment was re-depositied in 
the river because the pools appeared to have retained much of their depth and 
volume. Many of the willows growing on the margins of the cobble bars were 
scoured out in the flood but these plants did not provide much cover or shade 
pre-flood. Substrate composition in the wetted area of the river did not 
appear to be substantially altered. 



Removal of material off of the high cobble/gravel bars may represent an 
increment of recovery for the lower Salmon River. These bars have been so high 
that plants and trees cannot get established in the dry desert-like conditions 
where roots cannot reach'the water table before succumbing to dessication. 
Lowering of the level of the top of these bars might allow establishment of 
riparian and floodplain vegetation which could provide shading, stabilze banks, 
and produce large wood for recruitment into the river. 

2. Knownothing Creek- (Observations by Robbi Van de Water and Orion Dix) We 
examined the creek about 1/2 mile above the mouth where a small road accessing 
an active mining operation reached the stream.. The channel is about 35 feet 
wide here, and downcutting in the channel bed had moved upstream about 6 0  feet 
according to District personnel. Pre flood photographs and pebble counts are 
available for this site in'District Files (Dix) . A few alders had been knocked 
down on a bar located near the west bank of the creek. Above us, the channel 
appeared of uniform width, was a riffle?? situation, and had no bars in it. 
There was only minor abrasion of alder trunks above us. , ... uniform width riffle habitat. The site was monitored after the 1987 

fire and recovery process. Orion Dix noted the riffle upstream'appears 
much as it has over the.last twelve years. Downstream, the channel appears 
to be downcutting. Alders on the right bank (looking downstream) .are one 
to two feet above the current channel indicating the degree of down cutting 
occurring there. 

2 .  Hotelling Creek Debris Basins- (Observations by Robbi Van de water and Orion 
Dix) We visited debris basins constructed immediately above and below the 
County road on Hotelling Gulch which were built after the 1987 fires. The one 
above the road had completely filled in with gravel and cobbles up to 4  inches 
in diameter. It had been excavated back out, leaving a hole about 7 0  feet long 
and 30 feet wide, and the material was piled on the west bank in a berm about 7, 
feet high. After blockage of the pipes, the water and sediment from Hotelling 
Gulch had flowed westward along the road and buried it to a depth of about a 
foot, and then exited to the north about 150 feet to the west. Of the two 36?? 
inch culverts under the county road, the western culvert.was still plugged. 
The channel of Hotelling Gulch above the county road did not show evidence of a 
debris flow having passed through. The riparian vegetation was primari'ly 
intact. It appears that the pipe was clogged by gravel and cobbles which 
filled the debris basin. ~ o s t  of the water and debris and water appears to 
have then run down the road to the west, and only a small amount appears to 
have continued below the county road to the lower debris basin (however we did 
not go down and verify this). The fact that these basins filled is notable in 
that they had never accumulated debris during the years following the 1987 
fires ti1 now. 

3. Debris Settling Basins in Methodist Creek- We visited three small debris 
basins built after the 1987 fires on a tributary to Methodist Creek (un-named) 
about a mile upstream from the mouth of Methodist Creek. Two basins were 
located below the road by a 2 0  foot high boulder. The lower one was about 3 0  
feet long and 25 feet wide, the upper one about 4 0  feet wide and 2 0  feet long. 
Both were about 5 feet deep, and were built by installing boulder dams without 
fabric in the channel. The third was of similar construction, but smaller, 
and was situated above the road. All three were filled with gravel and cobbles 
and it appeared that the channel upstream had not passed a debris flow (we did 
not walk the channel to verify this), since riparian vegetation looked 
intact. Thus the event on the creek was probably similar to that on Hotelling 
Gulch, a large sediment load, but ordinary stream flow. There is no name for 
the tributary to Methodist Creek where the debris basins are located. The 
basin are located just below the Hensher place. 

4 .  Upper South Fork Salmon at Boy Scout Bar Above the Confluence With Ray's 
Gulch- (Observations by Robbi Van.de Water and Orion Dix) The river removed a 
very la.rge wedge of gravel bar about 10 feet thick, over about 4 ?  acres, and 
channel shifted from north edge of floodplain to south edge. Lots of alders 
removed, likely consequernces to temperature. ' The channel changes here are 
typical of those'present down the South Fork,to a distance below Petersburg, 
and also, reportedly up into the wilderness. Approximately 2.5 acres of the 
bar.has been removed. . The entire bar was just 4  acres when it was planted 
recently. 



5. L0.g Jam Above Boy Scout Bar- (Observations by Robbi Van de Water and Orion 
Dix) A large (about 60 feet in diameter) log jam with max logs about 36 inches 
diameter?' and 40? feet long consisting ~f about ? ?  logs. 

UKONOM CREEK 

~bservat'ions by Dave Payne- The January 1, 1997' flood. event caused some. 
remarkable changes within the Ukonom Creek drainage. I surveyed by foot the 
remnants of the hiking path used by floaters to access Ukonom Falls on March 
24th 1997. 

The flood rearranged the mouth of Ukonom Creek. A slide two winters ago ('95) 
blocked the creek and forced a channel change that scoured out a 40' deep 
channel where there was once a shaded glen.<This past winter that channel was 
covered by the flooding Klamath River. Ukonom Creek straightened its path to 
the river carrying huge granite boulders that were deposited upon meeting the 
Klamath flow. Mature alders were shattered and laid down like broken match 
sticks. The channel that had formed one year before was blocked by a logjam and 
swallowed by a huge Klamath River eddy. The result produced a magnificent drop 
of sand where only days before was the active Ukonom Creek channel. 

The Ukonom Creek flow scoured the creek of most of the large woody debris that 
was deposited in the active channel. One log that was deposited during the 
receding flood waters acts as a bridge across Ukonom Creek linking the new sand 
deposit with the downstream cobble deposit. 

The slide that caused much of this change remained reasonably stable. The creek 
flow scoured much of the loose rock away as Ukonom Creek reclaimed its 
pre-slide channel back. The trail that is annually built across the bottom of 
this slide will be pretty easy to replace. ~hrowing and placing a few strategic 
rocks should produce a usable path. 

Much of the trail along the creek was at the highest water level of the flood. 
Parts were scoured away, other parts recieved deposits of wood, bark, etc. 
Re-establishing the trail through this zone should be very easy. At the point 
where the trail climbs bedrock and crosses a talus zone two slips occurred. 
These slips erased approximately 200' of trail tread that had been in place for 
approximately 16 years. Re-routing of the trail through this area will require 
the most work. Once the trail clears this talus slope it drops back down to the 
creek level. The trail is usable to the shallow water crossing, parts are under 
water, other sections have been washed and are easily traversed. 

The trail upstream of the shallow water crossing has been washed but suffered 
little damage. Some areas recieved deposits of sand, other spots accumulated 
woody debris. A one point there is a 10' deep logjam that must be crossed. A 
tunnel along the edge of the bedrock exists for "slimu folks, others will have 
to climb over the pile or swim around a large boulder to get around it. 

The trail across the bluffs was unchanged by the flood. The trail beyond the 
bluffs to the falls was also undamaged by the flood. The alders lining the 
creek immediately below the falls were swept away. This has left open views to 
the falls from about 300' away. 

The most stunning change occurred at the falls themselves. A second invisible 
falls about 10' high had always existed above the 18' high twin falls. It was 
separated by a narrow pool enclosed by verticle bedrock walls and not visible 
to folks enjoying the plunge pool at the twin falls. 

A logjam created by the flood has filled the narrow gorge above the twin falls. 
This logjam is maybe 35' in height!! This logjam has dammed the channel and 
changed the invisible 10' falls into a visible 18' verticle falls that sits 
atop of the 18' twin falls! The top falls plunges into a small pool then forms 
a rooster tail and plunges mostly over the Happy Camp side of the twin falls. 
In viewing Ukonom Falls from any distance it appears that the falls have 
doubled in height!! It is simply awesome. 



I The plunge pool at the bottom of the falls has changed a bit. A deeper, fast 
channel now scours the area the you enter the "viewing bowl" of the falls. 

I 
Large granite cobble have accumulated on the Ukonom s'ide of the bowl. The wind 
and spray from the falls immediately soaks you when you enter the "viewing 
bowl". Photography is difficult as water builds up rapidly on camera lens,,* 
glasses, clothing, etc. It is a fitting monument to the power of moving water 

I 
and the flood flow of 1997. 
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ELK, INDIAN, & DILLON CREEKS & LOWER SALMON RIVER I 
By: Jon Grunbaum 1997 

ELK AND INDIAN CREEKS 
I 

Effects of the 1996197 New Years flood on channel 'characteristics, 'riparian vegetation, and fish 
habitat were surveyed in mainstem sections of Elk and Indian Creeks. An analysis of habitat 
conditions and water temperature of Elk Creek was then performed to gain some understanding of 
the type of changes that occurred in Elk Creek and other nearby streams that also appeared to be 
greatly changed by the flood (Indian, Grider, Walker). 

The character and magnitude of some flood effects appeared to depend on degree of channel 
constraint and valley morphology, while other effects were consistently observed throughout the 
stream segments that were reconnoitered. Flood effects in Elk and Indian Creeks is described for: 
1) effects observed throughout all stream segments; 2) effects observed in alluvial reaches; and 3) 
effects observed in transport reaches. For this discussion, alluvial reaches are defined as 
depositional stream segments that occur where the valley floor is wide and stream channel is 
unconstrained by high banks or adjacent hillslopes. Sediment is often deposited in alluvial reaches 
and may remain there for relatively long periods of time before being transported downstream again 
by subsequent flows. Transport reaches occur in places where the stream channel is narrow 
because it is constrained by high channel banks or because the hillslopes of narrow valleys impinge 
upon one or both sides of the stream channel. Much of the sediment entering transport reaches 
passes through quickly without being deposited for long. The overall proportion of alluvial versus 
transport reaches is given for the surveyed segments of each creek so that the extent of 
flood-related disturbance can be more accurately described. 

Surveyed Stream Sectio~ls 

In Elk Creek, flood effects were observed in the mainstem from the 1 1 Mile Bridge to the mouth - 
excluding the 'whooping devil' gorge (RM 4.7 to 5.0). River Mile 4.5 to mouth was surveyed on 
March 17. RM 11.0 to 5.0 was surveyed on March 29, Access for these surveys was via inflatable 
kayaks. Later in the summer, post-flood habitat conditions were quantified and compared to 
pre-flood conditions recorded in a similar survey conducted in 1989 (Table 1). Water temperature 
was recorded in the summer of 1997 and compared to water temperature data recorded during the 
summers of 1990 to 1995 (Table 2). Detailed analysis of the sediment composition of spawning 
gravels in Elk Creek was performed by the California Department of Fish and Game in the summer 
following the flood. 

In Indian Creek, flood effects were observed in the mainstem from the confluence of Mill Creek 
(RM 12) downstream to confluence with the Klamath River. The lower 4.5 miles (starting from the 
area commonly known as Buchannan Falls and moving downstream to the mouth) was surveyed in 



its' entirety on March 20. Access was via inflatable kayaks. Mainstem Indian Creek reaches 
between Mill Creek confluence and Buchannan Falls were spot checked by hiking in to various sites 
or by viewing the creek from Indian Creek Road. Habitat conditions in Indian Creek were 
quantified post-flood but comparisons to pre-flood conditions have not yet been made. Detailed 
analysis of the sediment composition of spawning gravels in Indian Creek was performed by the 
California Department of Fish and Game in the summer following the flood (Appendix ??): 

Flood effects observed throughout surveved stream segments 

During the flood, much more sediment was delivered to the mainstems of Elk and Indian Creeks 
than these streams were capable of transporting downstream. Excessive sediment recruitment into 
the surveyed reaches was evidenced by the in-filling of former depressions in the streambed by silt, 
sand, gravels cobbles, and even larger sized particles (boulders) that were mobilized during the 
flood. Sedimentation of the mainstem reaches has serious iinplications for anadromous fish 
populations because much of the holding, spawning, and rearing habitat of salmon and steelhead in 
the Elk and Indian watersheds occurs in the these areas. 

The effects of excessive sediment loads was particularly apparent1 in pool habitat. Pools that are 
critically important for habitat diversity, rearing, and refbgia for salmon, steelhead, and resident 
trout were completely filled in or greatly diminished is depth and volume. Almost all pools 
appeared to be filled in to some degree and many were 50% or more filled in. Bars composed of 
sand, gravel, and even cobbles were commonly observed in pool tail-outs and other places that , 

were formerly deep areas of pools. Pools in narrow bedrock gorges were least affected but it still 
appeared that even these pools had lost some depth and volume due to in-filling. 

Substrate Composition in pool tail-outs and other prime salmon and steelhead spawnidg areas , 

changed as a result of the flood. Large quantities of sediment was imported to the mainstem 
reaches during the flood. This greatly increased the total area of gravel that is of suitable size for 
spawning salmon and steelhead. Although the flood deposited large quantities of gravels of 
suitable spawning size, these spawning areas may not be of high quality due to a high percentage of 
fines that now makes up the bedload. The average diameter of substrate particles in spawning areas 
appeared to be much smaller post-flood and the streambeds of the two creeks appeared more 
embedded with fines. This could affect the spawning success of fish and survival rate of incubating 
eggs. Excessive fines may increase mortality rate of incubating eggs by restricting the interstitial 
flow of water necessary for delivery of oxygen and flushing of metabolites. Excessive fines can 
also entrap newly hatched fish within the gravel thereby reducing rate of successfbl emergence. 

Another threat to successfid reproduction by salmon and steelhead that has resulted from the flood 
is instability of the streambed, particularly areas of the streambed that are typically used by salmon 
and steelhead for spawning. At high flows, the depth and area of scour is much greater in channels 
in which streambed instability is increased as a result of excessive sedimentation and increased 
fractions of smaller-sized sediment particles. Increased depth and area of scour results in decreased 
reproductive success because more individual eggs, or entire redds, are dislodged during any given 
peak flow. Egg mortality will increase rapidly with increases in size of peak flows, at least until 
excessive gravels and fine sediments delivered during the flood are transported out of these stream 
systems. It may take up  to 10 years or longer for these stream beds to regain a level of 
meta-stability so that non-flood peak flows will not result in high egg mortality. This estimate 
assumes that another large runoff event will not deliver another large slug of sediment before 
streambed stability is neared. 



Excessive streambed scour will occur in conjunction with large pulses of sediment being 
transported and redepositing in other locations. In contrast to reproductive failure due to loss of 
eggs because of scour, egg incubation and hatching success could also decrease because of 
excessive deposition over redds, which could suffocate eggs and entrap hatchlings. 

The flooq appeared to cause widening and shallowing of the stream channels and loss of riparian 
vegetation. This was observed along the entire length of surveyed segments, although much more 
pronounced in alluvial reaches. Increased rates of heating and cooling of the streams is likely 
because there is less vegetative canopy to shade or blanket the streams and because water flowing 
in wider, and shallower stream channels is more prone to heating from solar radiation and increased 
water surface area in contact with air. 

Aquatic invertebrate populations, the primary food source of rearing salmonids, were drastically 
reduced by scour and deposition during the flood. These populations are expected to rebound 
quickly, probably within a year or two, and should npt present any qerious prey shortages for 
rearing fish. , 

Most fish enhancement structures that were constructed of logs were washed out of the creeks or 
pushed up on the channel margins and tire no longer contacting the wetted channel. Boulder 
structures placed to increase habitat diversity fared better by staying in place or at least not being 
moved far. Many of the plackd boulders were buried or partially buried in thick deposits of 
sediment during the flood. 

Flood effects observed in alluvial stream segments 

Large scale changes in channel characteristics and riparian vegetation were observed in alluvial 
I 

stream segments, while transport reaches appeared less disturbed. Alluvial, channels comprise 
approximately 15% of the stream sections surveyed on Elk Creek and approximately 20% of the 
surveyed portions of Indian Creek. 

I 
In alluvial stream sections thick deposits of sediment was deposited over most of the stream 
channel and adjacent floodplains, although in some instances large tracts of floodplain were eroded 

I 
away. Heavy sediment loads carried with the flood water raised the level of the stream channel 
bottom during the height of the flood causing the streamflow to spread out and increase erosion of 
low terraces and distant streambanks, and undercut sections of roadway. As the flood peaked and 

I 
receded a thick lens of sediment was deposited over large areas of the former channel and on 
adjacent floodplains. The fact that the streambed was elevated during the flood was evidenced in 
many areas where old stream channels were re-established or new stream,channels were formed 

I 
within days after the flood, as decreasing flows with lower sediment loads quickly cut down 
through the lens of loose sediment that composed the top layers of the streambed during the flood. I 

, 
Because of the massive aggradation occurring on these alluvial flats during the flood there was 
quite a bit of channel instability. Channel instability was manifested by radical channel 

. 
' 

re-alignments and channel braiding. This channel instability contributed to loss of riparian and 

I 
floodplain vegetation as new channels were constantly being scoured through adjacent floodplains 
and re-vegetated remnant or overflow channels. 

I 
Excessive deposition buried riparian vegetation in places and filled in most depressions in the 
former stream channel. Approximately 30% to 60% of the riparian vegetation (mostly alder and 

I 
willow) growing on these alluvial flats was buried or removed by the flood. Scour, physical impact 
by a floating objects, and deposition appear to be the primary factors resulting in loss of riparian 



vegetation. As noted earlier, loss of riparian vegetation coupled with widening and shallowing of 

I stream channels may allow excessive heating of water during the summer months, which in turn 
could reduce growth and survival of rearing salmonids. 

I In addition to the loss by washout or excessive sediment deposition that occurred throughout the 
surveyed stream segments, incubating salmon eggs in alluvial reaches may have been left stranded 

I 
in 'dry' streambeds in sections where channel realignments occurred. As excess sediment from this 
large storm event is moved out of these creeks new channel migrations are likely as the channel 
repositions into more stable configurations. Washouts, burial, and stranding of incubating eggs are 

I 
possible during such channel re-configurations that are likely to take place during peak flows over 
the next few years. 

Flood effects observed in transport stream segmenb 

In transport stream segments there was less channel widening and mortality of streamside 
vegetation was not as great - probably averaging about 20%. Much of the alder less than 30 years 
old immediately adjacent to the stream was removed by scour or 'impact during the flood and the 
channel banks were scoured clean of moss and other vegetation in many places. Loss of this 
streamside cover in these segments has minor implications for direct solar heating of Indian Creek 
because canopy cover and shading will still be provided by trees that are near the wetted channel , 

but that survived because they were slightly higher up the steep stream banks and/or hillslope. 
Topographic shading also provides some protection from direct solar heating in these channel 

' 

types. Widening and shallowing80f stream channels in these segments has occurred which has 
increased the airlwater surface area, but channel widening in transport reaches is limited by chann'el 
constraint. Spawning is less common in transport reaches but does occur. Spawningsareas in 
transport reaches are also likely to be unstable because large pulses of sediment will pass through 
these reaches as excess sediment is moved out of the stream systems. 

Pre- and post-flood compariso~~ of habitat co~iditions in Elk Creek 

Physical attributes of the Elk Creek mainstem that are important in determining the quantity and 
quality of fish habitat were assessed pre-flood in 1989 and post-flood in 1997. The effects of the 
flood on fish habitat from the creeks' mouth upstream to the confluence of Lick Creek 
(approximately 12 valley miles) was then analyzed by comparing the characteristics of the 1989 
stream channel to the characteristics of the stream channel post-flood in 1997 (Table 1). Although 
other processes have undoubtedly changed Elk Creek since the last survey in 1989, the New Years 
flood is by far the overriding event accounting for the present configuration of the stream channel 
and floodplain. This analysis serves to illustrate some of the changes that occurred in Elk Creek 
fish habitat condition because of the flood. Similar changes can reasonably be assumed to have 
occurred in the mainstems of other nearby streams which were also drastically altered during the 
flood (Indian, Grider, and Walker Creeks). 



Table 1. Comparison of fish habitat and stream channel condition of pre- and post-flood Elk '? 1 - 
Creek (mouth to confluence of Lick Creek). 
----------------_--------------------------------- .......................................... 

ELK CREEK 1989 ELK CREEK 1997 % Change 
Notes May 30-June 22 July 17-Aug 26 1989 to 1997 

I 
Overall 
No. of Units a 612 356 -42% 
primary channel (mi) a 14.3 12.5 - 13% 
Side Channel (mi) a 1.6 0.3 -81% 
Total Length a 15.9 12.8 -19% 

Fast Water 
{Riffles and Glides) b 
No. Fast Water units c 40 1 234 -42% 
Length Fast (ft) c 59334 52568 -1 1% 
Avg Fast Length c 148 225 52% 
Avg Fast Width d 41 33 -20% 
Avg Depth d 1.8 1.0 -44% 
Embeddedness 22 34 55% 

Slow Water (Pools) b 
No. Slow Water c 21 1 122 -42% 
Length Slow (ft) c 24555 14793 -40% 
Avg Slow Length c 1 16 12 1 4% 
Avg Slow Width d 39.6 33.2 -16% 
Avg Depth d 3.5 2.0 -43% 
Avg Max Depth d 6.4 5.2 -19% 
Avg Resid Pool Depth c 4.5 3.7 - 18% 
Avg Resid Pool Vol c 16544 80 14 -52% 
Embeddedness 28.8 34.3 19% 

Fast/Slow Water 
No. Fast 1 No. Slow 1.9: 1 1.9: 1 0% 

I 
%Fast by No. 65.5 65.7 0% 
Length FastISlow 2.4: 1 3.6: 1 50% 
% Fast by Length 70.7 78.0 10% 

I 
_--_-__-____-I---______----------------------------- ____-___-~---____---_-- - - - - - - - - - - - - - - - - - - - -  
Notes: I 
a = Habitat units in primary and secondary channels were combined. 
b = Habitat types were condensed into "Fast" and "Slow" types. 
c = These metrics can be directly compared - do not depend on flow 
d = These metrics cannot be directly compared because of possible differences in streamflow during 

I 
the 1989 and 1997 surveys. I 
Table 1 shows that between 1989 and 1997 there was a loss of 3.1 miles of stream habitat. Some 
of this decrease is associated with the loss of 1.3 miles of side channels as stream reaches that had 
multiple channels before the flood became consolidated into one channel after the flood. Another 
important process that contributed to loss of stream length within the surveyed reach was meander 

I 
cutoff - the stream straitened as a result of the flood. Amount of error associated with length I 



measurement is unknown but assumed to be small. 

The stream channel became less diverse and more uniform as a result of the flood. There was a 
42% reduction in the numb,er of individual habitat units identified by surveyors. This reduction in 
numbers was evenly split between fast water (riffles and glides) and slow water habitat types 
(pools), however, the total percentage of length of slow water habitat decrease (-40%) wiis much 
greater than the total percentage of fast water habitat (-1 1%) decrease. The average length of 
pools remaining after the flood was slightly greater (4%) than pre-flood but the average length of 
fast water habitats increased 52%. The ratio of length of fast to slow water increased 50% (ftom 
2.4: 1 to 3.6: 1). 

In addition to the large decrease in the total length and number of pools following the flood, there 
was also a large decreases in the average volume of the pools that remained. Average residual pool 
depth and average residual pool volume are good metrics for comparing pool characteristics 
because these metrics can be measured regardless of streamflow volume. Average residual pool 
depth decreased 18%. post-flood vs pre-flood. Average residual pool volume decreased 52%. 

Embeddedness was estimated in fast water and slow water habita't types in both 1989 and 1997 
surveys. Average embeddedness post-flood was greater than pre-flood in both fast water (55%) 
and slow water (19%) habitat types. 

Pre- and ~ost-flood com~arison of water temperature in Elk Creek 

Water temperature of Elk Creek has been monitored since 1990. The recording instrument was 
faulty in the 1996 deployment which resulted in useless data. A comparison of pre- and post-flood , 

water temperatures was prepared to assess the effects of physical changes in the channeleand , 

riparian vegetation on summer water temperatures. The warmest water temperatures in 
consecutive 3 1 day periods in the summer of each year was used in comparisons (Table 2). The 
average temperature over the entire 3 1 day period, the instantaneous maximum recorded 
temperature, the seven day maximum average, the 3 1 day maximum average, and the average 
diurnal variation were calculated. These calculations were made for each individual year pre- and 
post-flood. A mean for all years pre-flood (1990-1 995) was also calculated for use in comparing to 
the one post-flood year (1997). The low flow rate and average air temperature during the water 
temperature recording period for each year is included in Table 2 to provide context for the water 
temperature data. 

The instantaneous maximum water temperature and the seven day maximum average water 
temperature were markedly higher in post-flood summer of 1997 than either the mean of the 
pre-flood years or in any one of the individual pre-flood years. The 3 1-day maximun average in 
post-flood 1997 was also higher than the mean for pre-flood years but not much higher than in 
some of the individual pre-flood years alone. The average 3 1-day temperature for post-flood 1997 
was about equal to the mean for pre-flood years. The average diurnal temperature variation over 
warmest 3 1 day period was much greater in post-flood 1997 than the mean for the pre-flood years 
as well as much greater than for any individual pre-flood year. This explains why the post-flood 
average maximums can be greatly higher than the pre-flood mean average maximums while the 
average 3 1 day average temperature in 1997 was about equal to pre-flood years. Apparently 
stream heating was greater after the flood but the stream was also more susceptable to cooling at 
night as well. This also supports the reasoning that the higher than mean instantaneous and 
maximum average temperatures post-flood versus pre-flood is not an artifact of differences in 
ambient air temperature or flow rates. 



- - 

Table 2. Elk Creek water temperatures: Coniparison of 1990 - 1995 with 1997. I 

Creek Year 

Elk 1990 
Elk , 1991 
ELK 1992 
Elk 1993 
ELK, 1994 
ELK 1995 

Begin Hottest Inst. , 7 Day 31 Day Diurnal Low 
31 Davs Ave. Max. Max Av Va r. Flow 

July22 63.9 72.3 71.2 69.1 8.1 a 
July 11 65.5 71.4 70.3 69.1 8.3 28 
Augl 64.8 72.7 71.2 68.0 7.4 17.4 
July 18 ' 59.9 67.3 65.7 62.8 7.0 44.0 
July 5 65.8 72.3 71.2 , 69.1 , 8.1 16.1 
July 16 60.9 68.2 66.4 63.9 7.0 a 

Average 
Air Temp 

Elk Mean 1990-95 63.5 70.7 69.4 67.0 7.6 26.4 72.4 

ELK 1997 Aug 2 64.0 74.5 73.0 69.6 12.5 49.3 74.6 I 
a = no data 

Analvsis of substrate composition of ~ost-flood Elk and Indian Creeks 1 
Potential salmon and steelhead spawning habitat quality was assessed in Elk and Indian Creeks by 
Natural Stocks Assessment Program personnel of the California Department of Fish and Game 
(CDF&G) in post-flood 1997 (Appendix ??). Assessment was made by detailed analysis of 

I 
substrate composition. Mean percent fines in sampling stations of Elk and Indian Creeks were 
found to be at the limit or exceed levels associated with egg mortality. Sand-sized sediments were 
at or above levels associated with decreased salmonid sac fry emergence rates at all sampling 

I 
stations. Similarly, small sediment fractions measured at all stations exceeded levels associated 
with entombing and decreasing sac fry emergence rates. CDF&G concluded that these impacts are 
likely to lead to the reduction ofjuvenile salmonids from these two streams. 

I 
I 

CLEAR CREEK: 

The mainstem of Clear Creek was observed from Slippery Creek to the mouth on March 19th via 
inflatable kayaks. Much new spawning gravel had been recruited into this stream segment by the 
flood but sediment deposition was not excessive. Pools appeared to be as approximately as deep as 
before the flood and residual pool volume appeared to be just slightly lower than before. Some 
braiding was noted on one especially wide tail-outlriffle area, indicating that at some point during 
the flood sediment recruitment rate was nearing the transport capacity of the streamflow. No 
remnant elevated flood streambeds were observed as in Elk and Indian Creeks except at the 
Klamath River confluence. 

Although there was a distinct high water line on the channel banks indicating that very high flows 
had occurred, much of the moss and other vegetation on the banks was intact. Overall alder 
mortality was 5% or less. 



I From a fish habitat perspective the surveyed segment of Clear Creek was actually improved by the 
scouring action of the flood and the deposition of new spawning gravels. 

DlLLON CREEK; 

I The lower 0.3 mile of Dillon Creek was observed on March 27th and 28th and another 2.7 miles 
were observed in August. As in Clear Creek, fish habitat in Dillon Creek appeared to benefit from 

I the flood in terms of scour and recruitment of new spawning gravels. Alder mortality was very low 
(many alder as small as 3 inches in diameter growing on cobble bars next to the creek survived). 
In-filling of pools appeared minor. Evidence of extreme flows were apparent as water lines on the 

I moss, debris line in trees, and the movement of a very large boulder as captured on photos taken at 
a reference station in 1996 and again in 1997. 

LOWER SALMON RIVER: 

The lower Salmon River from Butler Creek to the Mouth was observed from the road on many 
occasions between January and April. The passage of high water through this reach was readily 
apparent. The primary effect of the flood on this segment of the Salmon River was transport and , 

removal of much material off of the high cobble and gravel bars that characterize this stretch. On 
most bars it appeared that from one to three feet of stored sediment was transported downstream. 
It did not appear that much of this sediment was re-deposited in the river because the pools 
appeared to have retained much of their depth and volume. Many of the willows growing on the , 

margins of the cobble bars were scoured out in the flood but these plants did not provide much , 

cover or shade pre-flood. Substrate composition in the wetted area of the river did not appear to 
be substantially altered. 

Removal of material off of the high cobblelgravel bars may represent an increment of recovery for 
the lower Salmon River. These bars have been so high that plants and trees cannot get established 
in the dry desert-like conditions where roots cannot reach the water table before succumbing to 
dessication. Lowering of the level of the top of these bars might allow establishment of riparian 
and floodplain vegetation which could provide shading, stabilize banks, and produce large wood for 
recruitment into the river. 


