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MODEL OF CARBON SEQUESTRATION FOR THE SOUTH FORK TOLT 

MANAGEMENT OPTIONS ANALYSIS 

Information for timber inventory and harvest is imported by decade from OPTIONS growth 
model given in tons of carbon dioxide equivalents (CO2e, DR Systems, Inc.). Volume inventory 
is converted to total biomass (following Jenkins et al. 2003) and decadal increment is combined 
for the period of 2027 to 2066, 50 years. Dead wood is calculated as a fixed percentage of live 
biomass (following Smith et al. 2005) and increment of dead wood is summed over 50 years. 
Timber harvest output from OPTIONS model is divided into short (48%) and long term (52%) 
products, and detritus (102%). Emissions from products are calculated with individual decay rates 
(following Smith 2004). Annual sequestration is calculated as the sum of inventory increment, 
sum of dead wood increment, and sum of harvest volume divided by 50 years. Annual emissions 
are calculated as the sum of all emissions over 50 years. Net sequestration is annual sequestration 
minus annual emissions. Option 1, “Sustained Yield Timber Management,” is used as baseline 
and subtracted from other options to calculate additionality. Annual sequestration per acre is 
calculated by dividing annual sequestration by 7150 forested acres. Carbon sequestration and 
emissions from soil are not included. 

SOUTH FORK TOLT MUNICIPAL WATERSHED ECOSYSTEMS 

SERVICES VALUATION EFFECTS OF FOREST RESTORATION 

The proposed changes in forest management in the South Fork Tolt Municipal Watershed 
(SFTMW) are expected to affect the provisioning of ecosystem goods and services. Some 
ecosystem services are expected to be increased through active restoration (habitat development) 
while others are expected to be reduced through timber harvest (carbon sequestration). In order to 
inform policy decisions of whether or not to move forward with forest restoration in the 
watershed, we conducted an ecosystem service valuation comparing the effects of the proposed 
treatments with the no-action alternative. This valuation seemed necessary as the proposed 
restoration program would potentially reduce net carbon sequestration over the next 50 years 
compared to the no-action alternative. Average annual sequestration under forest restoration is 
projected to be 31,661 metric tons of carbon dioxide equivalents (t CO2e) compared to 38,954 
CO2e under the no-action alternative. The City of Seattle has implemented a policy through its 
Climate Action Plan to reduce carbon emissions by the City's government operations as well as 
by the City's population and businesses in the interest of reducing climate change brought about 
by greenhouse gas emissions. Because carbon sequestration in the City’s watersheds can offset 
emissions taking place elsewhere in the City, it is important to quantify any reduction in 
sequestration (7,290 t CO2e) associated with active restoration management. However, carbon 
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sequestration is only one element of the ecosystem services provided by the forests in the 
watersheds, so a change in carbon sequestration should be evaluated against benefits from other 
ecosystem services that are enhanced through active restoration.  

Methods 

Ecosystem service valuation (ESV) attempts to quantify those goods and services that have value 
to society and applies different techniques to attach monetary values to those goods and services. 
Estimating each service in monetary units provides a basis to compare benefits or costs for each 
category of ecosystem service and to quantify the natural capital of the SFTMW as an asset to the 
City of Seattle.  

The Supplemental Ecosystem Services Study to the Tolt River Watershed Asset Management 
Plan (Batker 2005) served as a basis for this analysis. The study provided annual ecosystem 
service values in dollars for 23 identified categories of ecosystem services for the entire Tolt 
River watershed (63,800 acres). Batker estimated these values using the benefit transfer method, 
which entails the use of case studies from other regions and ecosystems (Gund Institute for 
Ecological Economics database) to extrapolate values and applying them to the Tolt watershed. 
The annual total value of ecosystem services provided by forested lands in the watershed was 
estimated by Batker to range from about $360M to $1.3B, depending on which sources were used 
in the benefit transfer method.  

For the ecosystem services valuation of the South Fork Tolt watershed, we scaled these values 
down from the total forested area of the watershed to the forested area of the city-owned portion 
of the Municipal Watershed. We examined each of the 23 identified ecosystem service categories 
with respect to how they would be affected by the proposed forest restoration program and 
concluded that in 13 categories a difference in service value could be quantified. For each of the 
13 categories, we estimated the change in ecosystem service level as best we could reasonably do 
so using the no-action alternative as a baseline for comparison. The remaining 10 categories were 
not included in the comparison. Two ecosystem service categories (disturbance prevention and 
refugium) were each split into quantifiable elements, and a proportion of the ecosystem service 
value was assigned to each of the elements. This allowed us to separate out elements that had 
greater importance in the original case study, used in Batker’s analysis, but were less important in 
our analysis (e.g. non-forest habitat, flooding). We quantified change based on a rationale and 
information (Table 6) that resulted in what we believe are defensible metrics. In other cases, we 
used what we felt were conservative estimates based on professional judgment. 

We then applied the estimate of percent change in ESV to the low and the high end of the range 
of values for each service, as scaled down from Batker's estimates, to arrive at a monetary value 
for the change in ecosystem service level due to restoration. We also made a mixed low/high 
valuation. We used the high range in value in cases where the ecosystem service was particularly 
important to the management goals in the SF Tolt watershed (e.g., disturbance prevention, water 
supply, refugium). In cases where ecosystem services in the original studies have less importance 
in the SFTMW (D. Batker pers. communication), we used the more conservative lower estimates. 
Values for climate regulation (i.e., carbon sequestration) were estimated using four different 
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methods (Table 8). The estimate used in this ESV analysis followed Stern (2007), which was in 
the middle range among the four estimates. Values for timber inventory and harvest were derived 
from modeling conducted by DRSystems, Inc. (Options Model Run 6) for the South Fork Tolt 
Watershed Management Plan.  

Results and Conclusion 

The results of the valuation showed that implementing forest restoration in the SFTMW would 
provide a net benefit of ecosystem services ranging from $108K to $1.3M annually. Using the 
mix of low and high values we considered most appropriate for the watershed, the benefit was 
about $563K. A detailed accounting of the values for each service is shown in Table 7. Costs 
included $316K for lost carbon sequestration and $4K to $27K for increased fire hazard. All other 
services had a positive net economic benefit, with disturbance prevention (excluding fire hazard) 
value ranging from $38K to $250K and refugium value ranging from $133K to $405K. 

The analysis of how forest restoration affects the individual and total ESV in the SFTMW shows 
that there will likely be a net benefit of restoration, despite the reduced carbon sequestration 
value. The wide range of estimates for the net benefit of restoration reflects the uncertainty in 
ecosystem service valuation methods. Given that most studies contributing to the original analysis 
are 5-10 years old and typically undervalue ecosystem services at today’s estimates (D. Batker, 
pers. communication), we have greater confidence that the net benefit is positive, even if the 
magnitude of that benefit has a wide range. Despite uncertainty in estimating ecosystem services 
values, the overall positive value of restoration even under relatively conservative assumptions 
indicates that the economic cost of reduced carbon sequestration is more than offset by other net 
ecosystem benefits. Updating the case studies used for ecosystem service valuation and 
establishing local case studies would greatly reduce the uncertainty in this valuation and provide a 
powerful tool for sound ecological management of our natural capital. 

VALUATION OF CARBON SEQUESTRATION UNDER HABITAT 

RESTORATION IN THE SOUTH FORK TOLT MUNICIPAL WATERSHED 

The best economists can do is roughly estimate the optimal “carbon price,” based on computer 
models that incorporate data on economic growth, rising greenhouse emissions, abatement costs 
and expected climatic damages. A recent iteration of a model developed by Nordhaus pegs the 
optimal carbon tax at $29 per metric ton. The tax would rise at a rate of 2 percent to 3 percent 
annually to reflect increasing damages from global warming, reaching $90 per metric ton by 2050 
and $200 per metric ton by the end of the century (in 2005 dollars). In other models, estimates of 
the optimal carbon price range from $18 to over $350 per metric ton—stark evidence of the broad 
scope of uncertainty. The Stern Review calculated the social cost of CO2 equivalent at $85 per 
ton (in 2000 $s) which is equivalent to $312 per ton of carbon. More recently still, Harvard 
economist Marty Weisman concluded that the Stern estimate is the more reasonable given that 
most other economists haven’t taken plausible worse-case scenarios into account when they 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A - 4   A P P E N D I X  A  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  

estimate expected climatic damages. Therefore, the Stern Review value of $396 per metric ton of 
carbon (2008 $s) was used to estimate the value of carbon sequestration. 

An 80% “leakage factor” and 50% “general equilibrium effect” were also assumed. The leakage 
factor accounts for the fact that carbon sequestration is not as reliable as emissions reduction in 
keeping CO2 out of the atmosphere. For example, there’s always some risk that a forecast fire 
could release sequestered carbon. The general equilibrium effect refers to the possibility that 
withholding timber from the market that would otherwise be economical to harvest might cause 
prices to rise enough to induce other producers to slightly increase their harvests, thus offsetting 
some of the carbon sequestration.  
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TABLE 1. 
DETAILED SILVICULTURE PRESCRIPTIONS TO BE USED AS GUIDELINES FOR FOREST 

RESTORATION ACTIVITIES. 

  
Percent 

of Site Index (dominant tree height in feet at age 50) 
Treatment/Typ

e 
Conditions for 
Treatment 

Treatme
nt Area >100 90 70 

Planting In canopy gaps 
following Ecological 
Thinning 

20% 100 tpa WRC, 
100 tpa BLM 

100 tpa WRC, 
100 tpa RA 

100 tpa WRC, 
100 tpa RA 

Restoration 
Thinning 

75% 150 tpa 200 tpa 250 tpa 

 

Tree height >15 ft or 
min. age 15 yrs, no 
thinning if height > 40 
ft or age > 40 yrs 

25% Gaps 

Ecological 
Thinning 1 

At 55% of max SDI or 
RD 60, BA >260 sq 
ft/ac, QMD>12” 

20% 100 tpa; remove 
45% CFVol; 

Thin from 
below 

120 tpa; 
remove 45% 
CFVol; Thin 
from below 

130 tpa; 
remove 45% 
CFVol; Thin 
from below 

  40% 200 tpa; remove 
35% CFVol; 

Thin 
proportional 

200 tpa; 
remove 30% 
CFVol; Thin 
proportional 

240 tpa; 
remove 30% 
CFVol; Thin 
proportional 

  20% gaps; remove 85% CFVol; Variable Retention 
Harvest 

  20% Unthinned skips; no removal 
Ecological 
Thinning 2 

Above 65% of max 
SDI or RD>75, BA > 
260 sq ft/ac, 
QMD<10” 

60% 200 tpa; remove 
30% CFVol; 

Thin from 
below 

240 tpa; remove 25% CFVol; 
Thin from below 

  10% gaps; remove 85% CFVol; Variable Retention 
Harvest 

Understory 
Thinning 

15 yrs after ET1 at 
>500 tpa understory 

60% 250 tpa; if understory H/D<100 

Habitat 
Enhancement 

During Ecological 
Thinning 

80% 4 tpa for snags and CWD 

    

tpa - trees per acre; WRC - western red cedar; BLM - big leaf maple; RA - red alder; SDI - stand density 
index; RD - Curtis’ relative density; BA - basal area in square feet per acre (sq ft/ac); QMD - quadratic 
mean diameter; CFVol - cubic foot volume of stand; H/D - tree height to diameter ratio; CWD - coarse 
woody debris 
Thinning from below: thin smallest trees first until density target is reached 
Proportional thinning: thin trees relative to their abundance in diameter classes 
Variable retention: retention of 15% of tree volume standing uniform or clumped 
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TABLE 2 
TIMBER HARVEST VOLUMES FROM ECOLOGICAL AND 

RIPARIAN THINNING FOR THE INITIAL 7 YEARS OF 
RESTORATION ACTIVITIES AND FOR DECADES 2017 TO 2077 

  Timber harvest volume by species (1000 cubic feet) 

 Douglas Fir Hemlock Red Alder True Firsa 

2010 210  3   
2011 213     
2012 213     
2013 159 54    
2014 142 71    
2015 213     
2016 100 113    
2017-2026 490 1001    
2027-2036 155 846 41 377 
2037-2046 229 245  947 
2047-2056 2 349  1069 
2057-2066 21 678  722 
2067-2076 53 171  1105 
2077-2086 57 5     

     

a. True firs include noble fir and Pacific silver fir 
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TABLE 5. 
ELEMENTS OF CARBON SEQUESTRATION AND EMISSIONS CALCULATED BY 
DECADE FOR 7150 FORESTED ACRES IN THE SOUTH FORK TOLT MUNICIPAL 

WATERSHED 
Model Reporting Year 2027 2037 2047 2057 2067 
  (all data in tons CO2e) 
Option 1: Sustained Timber Yield Management (Baseline)    
Timber Inventory 951,142 1,114,425 1,280,145 1,450,595 1,612,501 
Total Biomass 1,531,338 1,794,225 2,061,033 2,335,458 2,596,127 
10yr Live Sequestration 238,862 262,887 266,808 274,425 260,669 
Total 
CWD  137,820 161,480 185,493 210,191 233,651 
10yr CWD Accumulation 21,498 23,660 24,013 24,698 23,460 
10yr Timber Harvest 92,873 85,998 90,653 98,052 87,769 
 Long-term Products 44,579 41,279 43,513 47,065 42,129 
 Short-term Products 48,294 44,719 47,139 50,987 45,640 
 Detritus 94,730 87,718 92,466 100,013 89,524 
10yr Emissions      
 Long-term Products 16,750 12,162 9,122 5,759 1,611 
 Short-term Products 47,936 44,961 47,524 50,452 31,948 
 Detritus 93,765 87,243 89,396 83,729 36,746 
Annual Net Sequestration (50 yrs) 24,344     
       
Option 3: Habitat Development      
Timber Inventory 1,055,806 1,266,813 1,460,160 1,637,159 1,785,289 
Total Biomass 1,699,847 2,039,568 2,350,858 2,635,826 2,874,316 
10yr Live Sequestration 340,380 339,721 311,289 284,968 238,490 
Total 
CWD  152,986 183,561 211,577 237,224 258,688 
10yr CWD Accumulation 30,634 30,575 28,016 25,647 21,464 
10yr Timber Harvest 30,898 31,516 29,605 29,765 28,145 
 Long-term Products 14,831 15,127 14,211 14,287 13,510 
 Short-term Products 16,067 16,388 15,395 15,478 14,636 
 Detritus 31,516 32,146 30,197 30,360 28,708 
10yr Emissions      
 Long-term Products 5,620 4,413 2,961 1,754 517 
 Short-term Products 16,099 16,289 15,403 15,393 10,245 
 Detritus 31,490 31,609 28,980 25,530 11,784 
Annual Net Sequestration (50 yrs) 31,661     
Option 4: No Action Alternative      
Timber Inventory 1,155,807 1,415,022 1,638,787 1,836,539 2,000,779 
Total Biomass 1,860,850 2,278,185 2,638,447 2,956,829 3,221,255 
10yr Live Sequestration 426,498 417,335 360,262 318,381 264,426 
Total 
CWD  167,477 205,037 237,460 266,115 289,913 
10yr CWD Accumulation 38,385 37,560 32,424 28,654 23,798 
10yr Timber Harvest 0 0 0 0 0 
10yr Emissions 0 0 0 0 0 
Annual Net Sequestration (50 yrs) 38,954     
Option 2 Sustainable Harvest and Habitat Development is not included in the table because it did 
not contribute to the evaluation of the Habitat Development Option 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A - 1 0   A P P E N D I X  A  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  

 

 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A P P E N D I X  A .  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  A - 1 1  



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A - 1 2   A P P E N D I X  A  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  

 

 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A P P E N D I X  A .  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  A - 1 3  

 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A - 1 4   A P P E N D I X  A  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  

 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

A P P E N D I X  A .  F O R E S T  M A N A G E M E N T  O P T I O N S  A N A L Y S I S  A - 1 5  

TABLE 8 

                   Scenarios
Nordhaus Nordhaus Adj Stern Adj "Prius Policy"

1 2 3 4
Assumptions

CO2 Sequestration in mTons/yr 7,290 7,290 7,290 7,290
Sequestration vs. Emission Reduction Factor 100% 80% 80% 80%
General Equilibrium Effect 100% 50% 50% 50%
Rate of CO2 Cost Escalation: 3% 3% 0% 0%
Discount Rate 5% 5% 5% 5%
Years 50 50 50 50
Real Cost of Carbon per Metric Ton in 2008 $42 $42 $396 $1,247
Real Cost of Carbon per Metric Ton in 2058 $190 $190 $396 $1,247
Real Cost of CO2 per Metric Ton in 2008 $11.80 $11.80 $108 $340
Equivalent Gas Tax per Gallon $0.10 $0.10 $0.95 $2.98

Value of CO2 Sequestration from Status Quo
50 year Present Value $2,687,725 $1,075,090 $5,775,457 $18,186,856
Levelized (annual) Value $147,225 $58,890 $316,361 $996,217

Valuing CO2 Sequestration in the Tolt Watershed
Under Various Assumptions

 





S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

APPENDIX B. 
POTENTIAL WILDLIFE SPECIES IN THE MUNICIPAL WATERSHED 

A P P E N D I X  B  P O T E N T I A L  W I L D L I F E  S P E C I E S  I N  T H E  M U N I C I P A L  W A T E R S H E D  B - 1  

TABLE B-1. 
POTENTIAL AND CONFORMED FISH AND WILDLIFE SPECIES IN THE SFTMW 

Potential Species (Common Name) Confirmed Potential Species (Name) Confirmed  

American Marten  Bushy-tailed Woodrat  
American Coot  California Myotis  
American Crow  California Quail  
American Dipper Yes Canada Goose Yes 
American Goldfinch  Canada Lynx  
American Kestrel  Canvasback  
American Robin  Cascade Golden-mantled Ground Squirrel  
American Wigeon  Cascades Frog Yes 
Bald Eagle Yes Cedar Waxwing  
Band-tailed Pigeon  Chestnut-backed Chickadee  
Bank Swallow  Chipping Sparrow  
Barn Swallow  Cinnamon Teal  
Barred Owl  Clark's Nutcracker  
Barrows Goldeneye Yes Cliff Swallow  
Beaver  Coast Mole  
Belted Kingfisher  Coastal Cutthroat Trout Yes 
Bewick's Wren  Coastrange Sculpin  
Big Brown Bat  Common Bushtit  
Black Bear Yes Common Garter Snake  
Black Rat  Common Goldeneye Yes 
Black Swift  Common Loon Yes 
Black-capped Chickadee  Common Merganser Yes 
Black-headed Grosbeak  Common Nighthawk  
Black-tail (Mule) Deer Yes Common Raven  
Black-throated Gray Warbler  Common Snipe  
Blue Grouse  Common Yellowthroat  
Bobcat Yes Cooper's Hawk  
Brewer's Blackbird  Cougar Yes 
Brown Creeper  Coyote  
Brown-headed Cowbird  Creeping Vole  
Bufflehead Yes Dark-eyed Junco  
Bull Trout  Deer Mouse  
Bullfrog  Double-crested Cormorant  
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TABLE B-1. 
POTENTIAL AND CONFORMED FISH AND WILDLIFE SPECIES IN THE SFTMW 

Potential Species (Common Name) Confirmed Potential Species (Name) Confirmed  

Douglas' Squirrel Yes Hutton's Vireo Yes 
Downy Woodpecker  Keen's Deer Mouse  
Dusky Flycatcher  Keen's Myotis  
Eared Grebe  Killdeer  
Eastern Gray Squirrel  Large-mouth Bass  
Eastern kingbird  Largescale Sucker  
Elk  Lark Sparrow  
Ensatina  Lesser Scaup  Yes 
Eurasian wigeon  Lincoln's Sparrow  
Evening Grosbeak  Little Brown Myotis  
Fisher  Loggerhead Shrike  
Fox Sparrow  Long-eared Myotis  
Fringed Myotis  Long-legged Myotis  
Gadwall  Longnose Dace  
Golden Eagle  Longnose Sucker  
Golden-crowned Kinglet  Long-tailed Vole  
Golden-crowned Sparrow  Long-tailed Weasel  
Gray Jay  Long-toed Salamander Yes 
Gray Wolf  MacGillivray's Warbler  
Great Blue Heron  Mallard Yes 
Great Horned Owl  Marbled Murrelet  
Greater Scaup Yes Marsh Shrew  
Green Heron  Marsh Wren  
Green-winged Teal  Masked Shrew  
Grizzly Bear  Merlin  
Hairy Woodpecker  Mink  
Hammond's Flycatcher Yes Montane Shrew  
Harlequin Duck Yes Mountain Beaver  
Heather Vole  Mountain Bluebird  
Hermit Thrush  Mountain Chickadee  
Hoary Bat  Mountain Goat  
Hoary Marmot  Mountain Quail  
Hooded Merganser  Mountain Whitefish  
Horned Grebe Yes Muskrat  
House Finch  Northern Alligator Lizard  
House Wren  Northern Flicker  
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TABLE B-1. 
POTENTIAL AND CONFORMED FISH AND WILDLIFE SPECIES IN THE SFTMW 

Potential Species (Common Name) Confirmed Potential Species (Name) Confirmed  

Northern Flying Squirrel  Red-breasted Nuthatch  
Northern Goshawk  Red-breasted Sapsucker  
Northern Oriole  Red-eyed Vireo  
Northern Pintail  Red-necked Grebe Yes 
Northern Pygmy Owl  Redside Shiner  
Northern Red-legged Frog  Red-tailed Hawk  
Northern River Otter  Red-winged Blackbird  
Northern Rough-winged Swallow Yes Riffle Sculpin  
Northern Saw-whet Owl  Ring-necked Duck  
Northern Shoveler Yes Roughskin Newt Yes 
Northern Shrike  Rubber Boa  
Northern Spotted Owl  Ruby-crowned Kinglet  
Northern Water Shrew  Ruddy Duck Yes 
Northwestern Garter Snake  Ruffed Grouse  
Northwestern Salamander Yes Rufous Hummingbird  
Olive-sided Flycatcher  Savannah Sparrow  
Opossum  Sharp-shinned Hawk  
Orange-crowned Warbler  Shorthead Sculpin  
Osprey  Short-tailed Weasel (Ermine)  
Pacific Giant Salamander  Shrew-mole  
Pacific Jumping Mouse  Silver-haired Bat  
Pacific Treefrog Yes Snow Bunting  
Pacific-slope Flycatcher  Snowshoe Hare  
Peregrine Falcon  Song Sparrow  
Pied-bill Grebe  Southern Red-backed Vole  
Pika  Speckled Dace  
Pileated Woodpecker  Spotted Sandpiper Yes 
Pine Siskin  Spotted Towhee  
Porcupine  Steller's Jay  
Prickly Sculpin  Striped Skunk  
Purple Finch  Swainson's Thrush  
Purple Martin  Tailed Frog  
Raccoon  Threespine Stickleback  
Rainbow Trout Yes Three-toed Woodpecker  
Red Crossbill  Torrent Sculpin Yes 
Red Fox  Townsend's Big-eared Bat  
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TABLE B-1. 
POTENTIAL AND CONFORMED FISH AND WILDLIFE SPECIES IN THE SFTMW 

Potential Species (Common Name) Confirmed Potential Species (Name) Confirmed  

Townsend's Chipmunk  Western Redback Salamander  
Townsend's Mole  Western Screech Owl  
Townsend's Solitaire  Western Spotted Skunk  
Townsend's Vole  Western Tanager  
Townsend's Warbler  Western Terrestrial Garter Snake  
Tree Swallow  Western Toad  
Trowbridge's Shrew  Western Wood Pewee  
Trumpeter Swan  White-breasted Nuthatch  
Turkey Vulture  White-crowned Sparrow  
Vagrant Shrew  Wild Turkey  
Van Dyke's Salamander  Willow Flycatcher  
Varied Thrush  Wilson's phalarope  
Vaux's Swift  Wilson's Warbler  
Violet-green Swallow Yes Winter Wren  
Warbling Vireo  Wolverine  
Water Vole  Wood Duck  
Western Bluebird  Yellow Perch  
Western Brook Lamprey  Yellow Warbler  
Western Fence Lizard  Yellow-bellied Marmot  
Western Grebe Yes Yellow-rumped Warbler  
Western Meadowlark  Yuma Myotis  
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INTRODUCTION 

This appendix provides detailed information on the required level of effort and the standards for 
conducting Cultural Resources surveys. Also listed is the proper protocol for the following 
circumstances: unanticipated discovery of cultural materials, treatment of human remains, 
vandalism, and emergency response.  

 

MANAGEMENT STANDARDS FOR CULTURAL RESOURCES 

The following recommended management standards for the municipal watershed are adapted 
from the U.S. Secretary of the Interior’s Standards and Guidelines for Archeology and Historic 
Preservation: 

• General Standards: 

– Recognize that the municipal watershed’s cultural resources are important to affected 
Indian tribes, oversight agencies, and members of the public. Consult with these 
stakeholders about cultural resource management during planning for projects and 
activities and when considering research or public programs based on archaeological 
sites. 

– Preserve and protect National Register-listed or eligible resources, as well as collected 
artifacts and documentation about the municipal watershed’s cultural resources. 

– If preservation and protection of National Register-listed or eligible resources is 
impossible because of laws or operating conditions, mitigate adverse effects on such 
resources. 

– Provide for public interpretation and education regarding the cultural resources of the 
watershed. 

– Assist in the development of research-oriented use of in situ and curated cultural 
materials. 

• Archaeological Standards: 

– Protection must be consistent with environmental regulations. 
– Strive to avoid disturbance of archaeological sites resulting from project activities. 
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– Work to safeguard archaeological sites from vandalism. 
– Consider providing engineered protection to archaeological sites threatened by erosion. 
– Conduct data recovery of archaeological sites if avoidance or protection is not practical. 

• Historical Building and Structure Standards: 

– Take actions to reasonably maintain and preserve the integrity of historical buildings and 
structures. 

– Maintain the original use of historical buildings and structures to the extent feasible. If it 
is necessary to change the use, take into consideration the character-defining features, 
site, and environment of the resource. 

– Retain and preserve the historical character of a resource by reasonable means and 
methods. Avoid removing historical materials or altering characteristic features and 
spaces. 

– Recognize historical resources as physical records of their time, place, and use. Avoid 
changes that create an earlier appearance, but have no historical basis. 

– Retain and preserve changes that occurred over a period of time, if they have become 
significant in their own right. 

– Repair rather than replace deteriorated architectural features. When replacement is 
necessary, match the new material to the old in design, color, texture, and other visual 
qualities. Use documented, physical, or pictorial evidence to substantiate missing 
features. 

– Replace outmoded, deteriorated, or defective equipment and machinery without 
unnecessary alteration or removal of character-defining features. 

– Avoid chemical or physical treatments that cause damage to historical materials; use 
appropriate means for the surface cleaning of structures. 

– Make new additions, exterior alterations, and related new construction compatible with 
characteristic historical materials as well as size, scale, and the environment. Differentiate 
new work from the old. 

• Traditional Cultural Property Standards: 

– Consult with the Snoqualmie Tribe and the Tulalip Tribes, as well as tribes that 
historically visited or were invited to the area, about the identification and treatment of 
traditional cultural properties (TCPs). Treatment may include identification of time 
periods when audible or visible impact should be restricted. 

– Recognize that the natural setting of most TCPs contributes to their significance and 
integrity. Avoid altering natural features located within their boundaries or that are 
visible or audible from within the boundaries, except as needed for safety, the 
management of the municipal water supply, or for compliance with other laws, 
regulations, and agreements. 
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– When ground-disturbing activities are needed in or near identified TCPs, conduct these 
activities with sensitivity to avoid erosion and other types of disturbance to the natural 
environment. 

– Avoid, to the extent practicable, construction of structures visible from identified TCPs. 
If such construction occurs, make it compatible, to the extent practicable, with the natural 
environment. 

– Recognize that the permanence of TCPs is important to their cultural significance. 
Conduct actions affecting them in a manner that maintains and preserves their overall 
integrity. 

The Secretary’s Standards are not regulatory. They are intended to provide technical advice about 
archaeological and historic preservation practices and methods. They are widely used by regional, 
state, and local governmental agencies throughout the United States and provide a readily 
acceptable and widely recognized set of management standards. SPU endeavors to apply the 
standards in a reasonable manner, considering the economic and technical feasibility of 
implementing the standards within the context of its responsibility for the overall management of 
the watershed and its other resources. The standards recognize that change is inherent. Through 
application of the standards, SPU seeks to preserve and protect the watershed’s National Register-
eligible cultural resources without losing the flexibility needed to manage the watershed as 
required by law, agreements and operating conditions. 

CONSULTATION 

SPU consults with federally recognized Indian tribes in compliance with applicable laws and 
regulations, seeking and taking into consideration the concerns of tribal representatives in making 
decisions or taking actions that may affect the natural and cultural resources of the watershed. 
The Snoqualmie Tribe, the Tulalip Tribes and the Confederated Tribes and Bands of the Yakama 
Indian Nation have an historical connection to the watershed. SPU also consults with other 
members of the public, such as local historical groups, that may be interested parties regarding 
potential effects on cultural resources. 

INFORMATION AND COLLECTIONS STANDARDS 

Archaeological site and resource information is exempt from public disclosure. However, 
information from the SFTMW GIS cultural layers may be shared with the state DAHP, King 
County HPO, and Indian tribes for inclusion in their cultural resource databases. 

Information relating to the nature and location of TCPs is considered confidential and is shared 
only with appropriate Indian tribes. SPU permits no public disclosure of information on TCPs 
(RCW 42.17.310 (1)(k)). Location information for TCPs is available only at a general level, for 
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management use. The no-public-disclosure policy includes specific information related to Indian 
burials or remains. 

In October 2001, SPU completed and opened to the public the Cedar River Watershed Education 
Center at Rattlesnake Lake. The Cedar River Watershed Education Center includes the Heritage 
Library and Gale Archives. The purpose of the Heritage Library and Gale Archives is to acquire, 
record and preserve records and artifacts relating to the unique cultural and natural heritage of the 
Cedar and Tolt River Watersheds. These materials are to be utilized for the following purposes: 

• For understanding the past, present, and future use of the watersheds by people. 

• To aid in the appreciation and preservation of the cultural and natural history of the 
watersheds. 

• To serve as a resource for the education of the public and Seattle Public Utilities’ employees. 

• To provide research material for scholars. 

PUBLIC EDUCATION AND INTERPRETATION 

Public education and interpretation at the SFTMW is limited to a few special interest groups 
annually (e.g. Snoqualmie Tribe, retired Seattle Water Department employees, City of Carnation, 
etc.). SPU staff actively seek input from interested parties (Tolt Historical Society, Snoqualmie 
Tribe) with a heritage link to the SFTMW in order to add to the body of knowledge available. 
SPU may partner with these groups in the future to plan and implement educational programs 
related to the watershed’s cultural history. 

CULTURAL RESOURCE PERSONNEL RESPONSIBILITY 

Responsibility for management of the SFTMW’s cultural resources is assigned to the Public and 
Cultural Programs Manager (P&CP Mgr.) of Seattle Public Utilities’ Watershed Services 
Division. The P&CP Mgr. works with a cultural resource professional (CRP), an archaeologist 
with cultural resource management experience, to perform the following duties: 

• Oversight of implementation of the management measures described in this SFTMW 
Management Plan. 

• Curation of collected historic and archaeological materials at the Cedar River Watershed 
Education Center’s Heritage Library and Gale Archives. 

• Maintenance of the municipal watersheds’ cultural resource database and geographic 
information system. 

• Appropriate incorporation of cultural resource information in public education programs and 
staff training. 
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• Coordination and consultation with oversight agencies and Indian tribes, as called for by the 
CRMP. 

The CRP will meet the professional qualification standards outlined in Appendix A of 36 CFR 
Part 61. The P&CP Mgr. need not be a cultural resource professional, but will attend basic and 
periodic training on topics such as the Section 106 compliance process and others, to acquire and 
maintain familiarity with the needs for cultural resource management. 

SPU requires all watershed staff to be informed about preserving and protecting cultural 
resources. All staff members who supervise, inspect, or perform ground-disturbing activities will 
receive training in cultural resource identification. Training will cover compliance with applicable 
regulations and the concerns of Indian tribes associated with cultural resources and human 
remains, with special emphasis on practical skills. Topics will also include procedures for 
addressing emergency situations that could affect cultural resources. 

Contractor crew members doing work in the SFTMW that may impact cultural resources will also 
be required to have training on cultural resource sensitivity for the project area. The P&CP Mgr. 
will arrange for an on-site orientation for the contractor on cultural resource sensitivity for the 
project area, including artifact identification. The contractor will be required to train any crew 
members not present at the orientation. 

COORDINATION WITH PROJECT AND MAINTENANCE WORK 

PLANNING 

All SPU staff are required to consider protection and management of cultural resources in 
planning for projects or maintenance work in the SFTMW, especially for projects such as 
ecological thinning of second-growth forest, road maintenance, road decommissioning and 
habitat restoration that may involve ground disturbance or vegetation modification. Routine 
operations such as road maintenance and culvert replacement have the potential to adversely 
affect cultural resources. 

Staff members will review the SFTMW GIS database during the planning stages of any proposed 
activities to determine if the proposed project area includes identified cultural resources and to 
determine the area’s potential for unrecorded cultural resources. The results of this review will 
determine the level of required survey and protective measures. 

Level of Effort for Previously Identified Cultural Resources 

When a proposed project or maintenance activity has the potential to impact a previously 
identified cultural resource that has not been evaluated for NRHP eligibility, that resource must 
be investigated and evaluated to determine its eligibility. The survey standards to be employed to 
evaluate the NRHP eligibility of a given site will be determined by evaluating the anticipated 
level of disturbance associated with the proposed activity and the likelihood that a resource of the 
kind identified in the GIS would meet NRHP eligibility criteria. The likelihood that a particular 
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kind of resource may meet NRHP eligibility criteria depends upon a variety of factors, including 
the age of the resource and its presumed rarity or commonness. For example, a twentieth century 
logging site would likely be categorized as having a lower potential for meeting eligibility 
criteria, because of its relatively recent age and because such sites may be common in the 
SFTMW. On the other hand, prehistoric archaeological sites may be relatively more likely to 
meet eligibility criteria. 

Within a project area, there may be varying levels of potential for eligible resources, as well as 
different levels of disturbance. Survey procedures will vary accordingly within the project area. 
The level of effort for various kinds of resources and various levels of disturbance are presented 
in Figure 1 (see ‘Archaeological Survey Standards’ below for explanation of survey standards.) 
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Figure 1. Level of Effort for Previously Identified Cultural Resources 

Low disturbance is considered to be activity that will disturb no more than 10 percent of a project 
area’s soil. Disturbance of the humic layer is acceptable, as is soil compaction. Hand planting of 
seedlings may be one example of a low disturbance project. Medium disturbance includes activity 
that will disturb between 10 percent and 30 percent of the project area’s soil. Again, disturbance 
of the humic layer is acceptable, as is soil compaction. Some aspects of an ecological thinning 
project may fall into the medium disturbance category. High disturbance is associated with 
activities that affect more than 30 percent of a project area’s soil, including preparation of 
landings and grading, and any activity that completely alters the ground surface. Gravel pit 
expansion would be an example of a high disturbance project. 

Level of Effort for Areas with No Previously Identified 
Cultural Resources 

The absence of recorded resources in the GIS does not mean that no cultural resources are located 
within a specific project area. The P&CP Mgr. will review proposed activities to determine 
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whether they will occur in areas of high, medium, or low potential for archaeological resources 
and whether the proposed activity has a high, medium, or low potential for affecting 
archaeological resources (as discussed above). This evaluation will determine whether cultural 
resources investigations will be required for the activity, and the scope and extent of the 
investigations. The levels of effort for varying levels of disturbance in areas of undocumented 
archaeological resources are presented in Figure 2. 

 
Level of Disturbance  

Low Medium High 

Lo
w 

Monitoring 
Monitoring or Pedestrian 

Survey 
Pedestrian Survey 

Me
diu

m 

Monitoring 
Pedestrian Survey or Level 

B Testing 
Level B Testing 

Ar
ch

ae
olo

gic
al 

Po
ten

tia
l 

Hi
gh

 

Level B Testing or 
Pedestrian Survey 

Level A Testing Level A Testing 

Figure 2. Level of Effort for Areas with No Previously Identified Cultural Resources 

SPU has developed a model of cultural resource potential, using data already contained within the 
SFTMW GIS, to categorize areas of the municipal watershed as to their potential for containing 
archaeological resources. This model uses environmental factors, such as slope, distance to water 
or meadows, and distance to trails, to evaluate the likelihood of past human activity in a given 
area. In general, areas that are level and located near streams, lakes, marshes or trails are more 
likely to contain archaeological resources than steeply sloped areas distant from water or trails. 

Survey Standards 

All archaeological survey and testing activities conducted within the SFTMW will incorporate the 
following procedures: 

• For each previously unrecorded site, a State of Washington Archaeological Site Inventory 
Form will be completed and filed with DAHP. 

• Data collected during survey and testing will be added to the GIS cultural layers. 

• Artifacts will be recovered if an unstable situation threatens the loss of archaeological data. 
This includes situations where erosion is ongoing (e.g., a beach) or where damage or 
vandalism of an artifact is possible (e.g., in an area of public access or use). A permit is 
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required for collection of artifacts from a site that is listed or eligible for listing in the 
Washington State Register of Historic Places. 

Monitoring Standards 

For actions that require monitoring based on Figure 1 or 2, the following standards apply: 

• A qualified archaeologist or trained staff person will monitor ground-disturbing activity in the 
project area. 

• The monitor is responsible for observing the ground-disturbing activity to ensure that the 
significance of any unanticipated archaeological resources is evaluated. 

• If the monitor observes cultural material, he/she has the authority to halt the ground-
disturbing activity. 

• The monitor will evaluate the cultural material and make an initial assessment as to its 
potential significance. If the monitor is not a qualified archaeologist, he/she will consult with 
the CRP or other qualified archaeologist to make the assessment. 

• If the monitor determines that the material is not potentially significant, a survey form will be 
prepared to document the location and nature of the material, and work may proceed. 

• If the monitor determines that the material is potentially significant he/she will notify the 
P&CP Mgr. and the CRP, who will make a determination as to what level of investigation is 
appropriate. 

Pedestrian Survey Standards 

For actions that require a pedestrian survey based on Figure 1 or 2, the following standards apply: 

• A qualified archaeologist will conduct a pedestrian survey for ground-disturbance activities in 
the project area. 

• All pedestrian surveys conducted in the SFTMW will employ a maximum interval of 
20 meters (66 feet). This requirement applies to areas of dense ground cover, wet soils, or no 
surface exposure. Even areas of slope, as long as the slope is not a hazard to traverse, will be 
subject to pedestrian survey when required. Pedestrian survey in areas of high probability will 
employ a maximum interval of 10 meters (33 feet). 

• Pedestrian surveys will be conducted in order to identify cultural resources visible on or 
above the ground surface, and to identify discreet landscape features with higher 
archaeological potential than identified in the GIS model. If higher potential landscape 
features are identified during pedestrian survey, these areas may be subject to Level A or B 
testing, in accordance with Figures 1 and 2. 

Subsurface Testing 

Survey protocols that include subsurface testing will be required in areas of the SFTMW with a 
medium or high potential for archaeological resources if proposed actions will result in a medium 
or high level of disturbance. The requirements of these survey protocols will be made a condition 
of all contracts with cultural resource management firms. Minimum standards for all 
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archaeological testing in the watershed are outlined below. These standards apply to work by 
SPU, cultural resource contractors, and all other contractors working in the SFTMW. 

• The intensity of subsurface testing will be determined by the potential for archaeological 
resources and the nature of the proposed ground-disturbing activity. The GIS database will be 
used to provide SFTMW managers, reviewers, and consultants with an evaluation of 
unsurveyed areas as high, medium, or low potential for containing extant subsurface 
resources (see Figures 1 and 2). 

• Level A or Level B shovel testing will be conducted in accordance with the matrix of 
conditions and expectations included in Figures 1 and 2: 

– Level A testing will be conducted at maximum intervals of 15 meters (50 feet). 
– Level B testing will be conducted at maximum intervals of 20 meters (66 feet). 
– Areas where the ground slope exceeds 25 percent grade may be investigated less 

intensively, but at least one shovel test will be excavated per acre surveyed. 
• All material removed from shovel tests will be screened using a maximum mesh size of 

1/4-inch hardware cloth. 

• Profile diagrams of the strata in each shovel test will be drawn with texture, composition, and 
color descriptions. 

• Each shovel test will be identified by a unique number and its location plotted on a map of 
appropriate scale. 

• If necessary, the number and placement of test units will be decided upon in consultation with 
the SPU staff or contracted archaeologist. Test units will be excavated when shovel testing 
identifies a concentration of artifacts or subsurface features. Depending on context, a test unit 
may measure 1-meter square or 1 meter by 2 meters in plan. The size of test units provides a 
better view of stratigraphy and provides information on the deposits that contain artifacts. 
Test units are excavated down to culturally sterile deposits. Levels within each unit should 
not exceed 10 centimeters in thickness. If naturally occurring levels are used that exceed 
10 centimeters in thickness, these should be sub-divided into arbitrary levels no thicker than 
10 centimeters. A sketch map must be prepared for the base of each level and a detailed 
profile drawn of at least one wall, including detailed descriptions of sediment texture, 
composition, and color. All excavated materials are sieved through a screen with maximum 
mesh size of 1/4-inch hardware cloth. Artifacts are bagged by level and at least 1-meter 
excavation unit. 

• A sketch map will be produced for all areas surveyed. This map will depict the approximate 
location of all pedestrian transects and shovel test excavations, with areas that yielded 
cultural material highlighted. All sketch maps will contain at least one recoverable reference 
point, a north arrow, the dates of survey, and the full name of the mapmaker. The location 
and information about the archaeological survey will be entered in the SFTMW GIS. 
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CULTURAL RESOURCE PROTOCOLS 

Protocol for the Unanticipated Discovery of Cultural 
Materials 

Despite review of existing databases and other materials, and sometimes archaeological survey, it 
is possible for archaeological deposits to be uncovered or located during routine maintenance or 
project activities. If cultural materials that appear to be older than 50 years are encountered by 
watershed staff or contractors, the following protocol will be implemented: 

• If any member of a construction, maintenance or other field crew believes that he or she has 
made a cultural resource discovery, all work adjacent to the discovery will stop, and the work 
supervisor, P&CP Mgr. and CRP will be immediately notified. 

• The work supervisor will take appropriate steps to protect the discovery site. At a minimum, 
the immediate area of the discovery site will be secured. Vehicles, equipment, and 
unauthorized personnel will not be permitted to traverse the site. 

• An area of work restriction will be determined in consultation with the CRP and will be 
sufficient to provide for the security and protection of the cultural materials. SPU will enforce 
appropriate security measures. 

• The CRP will determine whether the discovery meets NRHP eligibility criteria. 

• If the discovery meets NRHP eligibility criteria based on its information value, the CRP will 
immediately contact the SHPO and the King County HPO to seek consultation regarding 
appropriate treatment. If SHPO and King County HPO representatives determine that the 
discovery is an NRHP-eligible prehistoric or historic Native American deposit, then SPU will 
consult with the affected Indian tribes to determine potential cultural heritage significance 
and appropriate treatment of the find. Treatment measures may include mapping, 
photography, limited probing, sample collection, alteration of the project to avoid further 
impact, or other activity. Any resulting subsurface excavation will require an archaeological 
excavation permit, as stipulated in RCW 27.44 and RCW 27.53, and implementing WAC’s 
25-48. 

• The CRP will prepare a report on the methods and results of the treatment measures within 
four months of completion of the measures. The report will be addressed to the SHPO. SPU 
will provide a review copy of the draft report to the SHPO, affected Indian tribes, and the 
King County HPO. After a 30-day review period, SPU will make revisions that take into 
account review comments and provide a copy of the final report to each of these parties. 

Protocol for Treatment of Human Remains 

The acidic soils of the region do not facilitate the preservation of bone. However, the possibility 
of preserved human skeletal material, or conclusive material evidence of burial sites, cannot be 
disregarded. In the event that human remains are discovered on SFTMW property, whether 
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during planned maintenance and project activities, authorized archaeological excavations, or as a 
result of natural processes, the following protocol will be strictly followed: 

• All ground-disturbing activity within 30 feet of the remains will be halted immediately. 

• The P&CP Mgr. will be immediately contacted and will assume responsibility for assuring 
that this protocol is followed. 

• In cases when it is not clear whether the skeletal remains are human, a qualified osteologist 
will be contacted to make a determination. 

• The King County Medical Examiner’s Office will be contacted immediately and asked to 
determine whether the remains are part of a potential crime scene. A forensic anthropologist 
may be required to determine whether the remains are of Native American ancestry. 

• All skeletal material will be left in place until a designated professional archaeologist or 
medical examiner directs its removal. 

• The SHPO will be contacted by telephone and informed of the discovery. The SHPO will be 
kept informed of all discussions regarding the remains until their final status is resolved. 

• The listed federally recognized Indian tribes will be contacted. Representatives of these 
groups will be invited to be present during the Medical Examiner’s inspection of the remains. 

• If the Medical Examiner determines the remains to be historical and Indian, the interests of 
the tribes become paramount, in accordance with Washington State law (RCW 27.44.040). 

• If the remains are determined to be Indian, no analyses—beyond inventory—will be 
performed without written consent of the tribes. 

• If the remains are to be removed, an archaeological excavation permit will be required. 

• The remains will not be transported off-site, except to protect them from imminent damage. 

• The remains will not be transported beyond the borders of the State of Washington without 
written consent from the SHPO and the tribes. 

• SPU will allow reburial on utility property if the tribes desire that action. Selection of an 
SPU-managed reburial location will take into account foreseeable future uses of the location. 

• If the Medical Examiner determines the remains to be historical and non-Indian, SPU will use 
historic documentation in an attempt to locate familial descendants. If descendants are 
located, SPU will allow reburial on utility property, if requested. 

• The location of reburials will be noted on planning maps to prevent future disturbance. These 
maps will not be available to the public. 

• SPU will treat areas of known burials—both in situ and reburials, with the respect accorded 
any cemetery. 

• The cost of exhumation, transportation, and reburial are the responsibility of SPU. SPU is not 
responsible for maintenance of reburial locations. 
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Protocol for Response to Vandalism 

Vandalism consists of disturbance to cultural resources, resulting from unauthorized digging into 
archaeological sites, collection of artifacts, or damage to structural remains. Because the SFTMW 
is closed to public access, the probability for vandalism within the municipal watershed is low. 
However, if at any time, SPU employees or contractors encounter unauthorized visitors who 
appear to be digging or collecting materials from the ground surface, or are in possession of 
excavation equipment; or if an SPU representative encounters evidence of recent unauthorized 
excavations or abandoned digging equipment (such as screens or shovels), the following protocol 
will be implemented: 

• If a possible vandal or looter is present, the SPU representative will note information about 
the person, their equipment and their vehicle and immediately relay the information to a SPU 
watershed inspector, who will confirm the information and notify the King County Sheriff’s 
Office. 

• SPU representatives who note abandoned excavations or digging equipment will notify 
within 24 hours the P&CP Mgr., who will notify the King County Sheriff’s Office and the 
DAHP. The SPU staff archaeologist, or a contracted professional archaeologist, will visit the 
site to assess any damage. 

• If a hunter-fisher-gatherer site has been vandalized, the P&CP Mgr. will notify 
representatives of the federally recognized Indian tribes and the DAHP and invite them to 
attend the site inspection. 

• The assessment of impact will be described in a formal letter report from SPU to the tribes 
and the DAHP. 

• In consultation with the tribes and the DAHP, SPU will determine what actions, if any, 
should be taken to mitigate damage and prevent further damage. 

• Any act of vandalism or looting that involves human remains will also trigger the protocol for 
the treatment of human remains outlined above. 

• All acts of vandalism or looting will be referred to the King County Sheriff’s Office for 
investigation and possible prosecution. 

Protocol for Emergency Response 

A number of events can occur in the SFTMW that require a rapid response to safeguard the 
municipal water supply, provide for protection of wildlife habitat, protect public and private 
property, and prevent serious injury or loss of human life. These include, but are not limited to, 
forest fire, wind and electrical storms, mass wasting events (erosion), culvert blockage, 
earthquake, and dam failure. This emergency response protocol is designed to be implemented 
after such events have occurred: 

• The supervisor of response will notify the P&CP Mgr. of the location and nature of the 
emergency activities. 
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• The P&CP Mgr. will check the relevant databases for information on cultural resources in the 
vicinity of the emergency response. 

• If cultural resources are located in the area of the emergency event or the response (for 
example, both the area of a forest fire and the location of a fire line), then the CRP will be 
asked to assess the condition of those resources. 

• The P&CP Mgr. will notify the SHPO, King County HPO, the U.S. Army Corps of Engineers 
or other federal agencies (when in an area of their jurisdiction) and any affected Indian tribes 
of the emergency situation as soon as time permits. 

• The CRP will compare existing documentation to the results of a field visit to determine if 
cultural resources have been destroyed, damaged, or endangered by the emergency event or 
the response. If any of these conditions exist, the CRP will document them in the field by 
means of mapping, photographs, and, in the case of imminent loss, collection of artifacts. The 
CRP will prepare a report documenting the nature and location of the emergency event, the 
nature of the response, the effects upon cultural resources, and recommendations to prevent 
further damage to the resources or to mitigate their loss. This report will be prepared for the 
DAHP within four months of the event, with draft copies sent to the DAHP, King County 
HPO, and any affected Indian tribes for review and comment. After a 30-day comment 
period, the comments of all consulting parties will be incorporated into a final report and 
copies sent to all participating parties. 

• If no alteration to the condition of the resources has occurred, a letter to that effect noting the 
dates of the field visits will be placed on file in lieu of a formal report. 
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INTRODUCTION 

This appendix provides detailed information on current road conditions in the SFTMW, including 
the following: 2006 Comprehensive Road Inventory, Washington Roads Surface Erosion Model 
(WARSEM), and SPU staff access needs. Also listed are SPU road standards for road 
improvements, maintenance, decommissioning, and construction. 

CURRENT SITUATION 

The following summary of current road conditions was extracted directly from the Road Erosion 
Assessment which was completed by Dube in 2007 (Aquatic Conditions for the South Fork Tolt 
River Watershed Management Plan: Road Erosion Assessment) as part of a broader assessment 
of aquatic and watershed conditions conducted by Malcolm Pirnie, Inc. for SPU.  

Road Conditions/Issues  

The detailed road inventory collected information on road conditions and included 32.3 of the 38 
miles of active road in the watershed; 5.8 miles of primarily ridge-top roads were not inventoried 
due to weather-related access problems. In addition, 1.1 miles of related roads outside the 
watershed were inventoried. The inventory included information on the road tread, ditch, 
cutslope, and fillslope. The entire database of approximately 565 road segments has been 
provided electronically to SPU for their use in road maintenance and planning.  

The South Fork Tolt Reservoir watershed is gated and closed to public use, so the majority of 
roads in the watershed have very little traffic use. The roads around the reservoir (50, 57, and 70 
roads) and the roads in the vicinity of the dam (spurs 70.1,70.2, 50.2) receive the most use with 
daily trips by SPU personnel to check on the reservoir and water supply system. These roads are 
gravel surfaced and maintained in generally good condition. Midslope roads (73, 52, 52.2, 55, 
portions of the 71 road) receive lighter use and are surfaced with borrow or unsurfaced with a 
native blocky coarse tread. These roads are in fair condition. Culverts are functioning, but in 
several locations road grading has resulted in a grading berm that directs all road surface drainage 
into streams (even on crowned and outsloped road segments) and an over-steepened fillslope. 
Ridgetop roads include the 30 road on the southern ridge and the 71 road on the northern ridge. 
These roads are native surfaced or surfaced with borrow. The drainage structures are functioning, 
but there are many steep and narrow sections that are a rough drive. The 30.1 road is also very 
steep and rough in spots.  



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

E - 2   A P P E N D I X  E  S U P P L E M E N T A L  I N F O R M A T I O N  O N  R O A D S  

Several key road issues were noted on the road system. These are included in the road inventory 
database and summarized below:  

• Sidecast berms – Several segments of road were graded with sidecast berms. These berms 
direct all road runoff to streams since there was a break in the berm at each stream crossing 
that allowed water to run over the outside shoulder and into the stream. These features 
increase the delivery of sediment and water to streams by altering the drainage patterns on 
crowned and outsloped road sections to act as insloped roads. Primary roads with sidecast 
berm segments include: 52, 52.2, 55, 70, and 70.4.  

• Water across road – Evidence of water running across the road tread was seen on a few 
segments of the 52.2 and 71.4 road. This is caused by either an undersized or plugged culvert 
or a full ditchline.  

• Oversteepened fill/soft fill on shoulder – Oversteepened fillslopes and often soft fill on the 
road shoulder was observed on segments of the 30.1, 52, 52.5, and 55 roads. These conditions 
are the result of construction on very steep sideslopes and/or the accumulation of many years 
of material from road grading that has been sidecast. In most cases these areas were stable, 
but a few segments had minor cracking or the potential to delivery material to streams.  

• Culvert fill failing – The fill around culverts was noted as failing at a few locations on the 50 
and 70 road systems. These roads parallel the lake shore and have a high potential for 
delivery of any failed sediment.  

• Cutslope seepage – Seepage from the cutslopes was noted on several segments of the 50, 
50.3, 52, 52.2, and 55 road. The south side of the reservoir appeared to have more drainage 
issues and to have water closer to the surface (perhaps due to thinner soils or differences in 
bedrock exposure). Interception of cutslope seepage can increase the delivery of water and 
sediment to streams.  

• Slumping/raveling – Slumping and/or raveling cutslopes were noted primarily on the 71.4 
road. Slumping and raveling can introduce more sediment into the ditchline that can be 
delivered to streams.  

• Deeply eroded ditch on 30 road, station 5100 – A stream or large source of near-surface 
drainage appears to have been intercepted by the cutslope between station 5100-6100 on the 
30 road. Water has eroded the ditchline, resulting in gullying and the potential for delivery of 
sediment and water to the upper end of Crystal Creek.  

• Mass wasting on 55 road, Station 6292 – The 55 road past the 55.2 road junction was very 
steep, with numerous large drivable dips, waterbars, and high, unstable cutslopes. A fresh 
slide blocked the road at station 6292 as noted during the November 7, 2006 inventory (this 
was during the very large storm event that caused extensive flooding). SPU road personnel 
indicated that this location was an area of frequent mass wasting events; sediment often 
comes down the chutes and blocks the road in this area.  
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Estimated Road Surface Erosion 

The average annual amount of sediment produced from road surface erosion was estimated for 
the South Fork Tolt Reservoir watershed using WARSEM. All active roads were included in the 
estimate. Decommissioned roads were not included in the estimate since these were observed to 
be well vegetated and had no traffic to disrupt the road prism. Two traffic scenarios were run. The 
higher traffic assumed a moderate/light traffic level on main roads and a light/occasional level on 
all other roads. The lower traffic scenario assumed the light/occasional use level on all roads. 
Abandoned/non-drivable roads were modeled using the no traffic rate under both scenarios. 

An estimated 240 to 330 tons/year of sediment is delivered to streams in the watershed from road 
surface erosion (Table 1) based on low and high traffic scenarios. An additional 80 to 140 
tons/year is delivered to streams from inventoried roads below the dam (area designated as in the 
Outside sub-basin in Table 1).  

TABLE 1.  
ESTIMATED ROAD SURFACE EROSION (TONS/YR) 

Sub-basin High Traffic Low Traffic 

Chuck Judd Creek 1 0 
Consultant Creek 33 27 
Dorothy Creek 1 1 
East Shore 17 13 
Horseshoe Creek 5 3 
North of Dam 10 9 
North Shore Central 7 4 
North Shore East 59 35 
North Shore West 4 2 
Phelps Creek 9 5 
Rainbow Creek 47 40 
Single East Shore Tributary 0 0 
Siwash Creek 2 2 
Skookum Creek 36 35 
South Fork Tolt River 10 5 
South Shore Central 2 1 
South Shore East 5 2 
South Shore Southeast 3 2 
South Shore Southwest 13 7 
South Shore Tributary 1 28 23 
South Shore West 38 25 
Total SF Tolt Reservoir watershed 328 241 
Outside 139 81 
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The primary factors influencing the road surface erosion estimates are delivery (does the road 
segment drain to a stream?), road width, surfacing, and traffic. The length of road by delivery 
class in each sub-basin are shown in Table 2. Overall, 50% of the active roads in the watershed 
deliver directly to streams. This is an unusually high percentage compared to other watersheds, 
but is caused by the long lengths of road paralleling the reservoir (50 and 70 roads) that deliver 
directly to the reservoir. The location of these roads makes it difficult to prevent delivery of 
sediment. The relatively low traffic levels, low gradients, and gravel surfacing on these roads 
helps to reduce erosion.  

TABLE 2.  
LENGTH OF ROAD BY DELIVERY CLASS (FT) 

Sub-basin 
Direct 

Delivery 
1-100 Feet 

From Stream 
100-200 Feet 
from Stream 

No 
Delivery 

Chuck Judd Creek 603 0 0 0 
Consultant Creek 5070 1969 2040 3682 
Dorothy Creek 227 1051 706 1922 
East Shore 6786 1950 0 9095 
Horseshoe Creek 96 1431 2370 4389 
North of Dam 5121 1389 907 0 
North Shore Central 4115 0 792 2581 
North Shore East 11743 4097 2725 16528 
North Shore West 3112 0 0 0 
Phelps Creek 3367 286 0 0 
Rainbow Creek 5413 0 0 1302 
Single East Shore Tributary 133 0 0 1333 
Siwash Creek 1152 0 0 3364 
Skookum Creek 6051 0 644 798 
South Fork Tolt River 3758 0 0 1076 
South Shore Central 1408 272 0 0 
South Shore East 3226 0 0 123 
South Shore Southeast 1219 0 0 0 
South Shore Southwest 4782 77 0 0 
South Shore Tributary 1 6788 288 1406 6793 
South Shore West 11851 860 1402 4877 
Total SF Tolt Reservoir watershed 86019 13671 12992 57861 
Total Length in Miles 16.29 2.59 2.46 10.96 
Percent of Total Road Length 50% 8% 8% 34% 
Outside 20198 1134 357 35962 
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ROAD STANDARDS 

Because of the variability in the long-term uses of core road segments, specific road standards 
should be tailored to the needs and use requirements for each road segment. Roads may be 
reclassified as use requirements change. To ensure uniformity of standards, core roads will be 
divided into the following use classes based on the type and density of traffic use: 

• High Density Heavy Use—Roads required for heavy loads (i.e., log haul from eco-thinning) 
and roads that carry a high-volume of all traffic throughout the year (i.e., mainline roads and 
primary connectors to adjacent properties). 

• Moderate Use—Roads needed primarily for watershed management activities and protection, 
a high volume of light traffic. Some roads may carry a limited number of heavy loads for a 
short duration (i.e., log haul from eco-thinning). These roads may have seasonal restrictions 
for heavy hauling to avoid expensive improvements, depending on a cost-benefit analysis. 

• Low Density Light Use—Roads needed for administrative and security activities (e.g., fire 
and security). These roads would normally be used only by light-duty vehicle, although 
occasional use by fire equipment may be required. 

All road work will be designed to provide the appropriate level of access while addressing three 
basic elements of road condition: material stability, proper drainage and surface erosion. 

Road Improvement Standards 

Road improvement activities may include the following: 

• Reshaping the road prism, including cut bank, side slope, ditch and road surface shaping 

• Specialized road stabilization projects, which may include, but not be limited to, removal of 
over-steepened fill or construction of keyed fills, gabions or welded wire walls 

• Road realignment—adverse grades, a too-small radius, or clearance issues may require 
realignment for specific projects or ongoing access 

• Drainage improvements, including ditch construction and replacement and addition of cross-
drain culverts 

• Stream crossing replacements, including peak flow stream passage and fish passage; this 
could be large culverts, box culverts or bridges 

• Rebuilding catch basins or outfalls 

• Applications of crushed surfacing and or ballast rock, and compaction of surfacing 

• Road widening or narrowing and addition of pullouts and turnarounds. 

Road improvement projects will be scheduled to bring roads up to required standards and to 
provide access for special projects. Roads used for specific projects will be brought up to 
standards so they will provide appropriate access while protecting water quality and habitat in 
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adjacent wetlands and waterways. Improvements will ensure road stability throughout the 
duration of the project. Future road improvement projects will depend on the results of a detailed 
road use analysis. If specific road segments will be required to support heavy haul, road 
conditions will be evaluated and improvement prescriptions specified. Detailed road 
improvement specifications will address issues regarding safe access, employ strategies to reduce 
environmental impacts, and be fiscally responsible. 

Road Decommissioning Standards 

Road decommissioning projects return roads to a condition of long-term stability by reducing the 
risks of mass wasting and surface erosion. Protection of surface water is the primary goal, along 
with habitat improvement. Once a road has been constructed in a location, it has altered the 
conditions at that location and the site cannot be completely restored to its pre-road condition. 
However, following standards developed in the Pacific Northwest for road decommissioning, the 
road bed can be stabilized to allow for the restoration of natural drainage and vegetation. The 
three basic elements of road deconstruction are the following: 

• Stabilizing all material 

• Establishing or restoring natural drainage 

• Protecting freshly exposed mineral soil from surface erosion. 

When all three conditions have been accomplished, the site should no longer be at risk of mass 
wasting and surface erosion that could result in sediment delivery to streams. 

Road decommissioning projects will be designed to meet WDNR forest practice rules for forest 
road abandonment. Decommissioned roads may be inspected periodically for continuing stability, 
proper drainage patterns and resistance to erosion.  

Road decommissioning projects are field-designed by a watershed engineer with designs for 
stream crossings and other technical consultations provided by watershed hydrologists. 
Prescriptions for decommissioning work are identified by location along the road, measured in 
stations (100 feet). Detailed plans will include but not be limited to the following work elements: 

• Culvert removal and fill material removal 

• Culverts to be removed at stream crossings; the watershed hydrologist will design each 
stream crossing restoration project and direct stream bypass work that may be required while 
working in the stream bed 

• Stream cross section slopes and armoring to provide stable, permanent crossings; some fill 
material may be retained and stabilized where total removal would cause greater erosion or 
environmental damage 

• In locations that could provide connectivity between significant amounts of fish habitat, 
stream channels will be reconstructed to provide fish passage 

• The watershed hydrologist will delineate the extent of fill removal from wetlands 
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• Frequency and location of water bars 

• Extent of over-steepened side cast or fill removal and removal of grading berms 

• Scarification prescriptions, including depth and extent 

• Erosion control required during decommissioning operations and after decommissioning is 
complete 

• Salvaging of materials, either riprap, ballast or crushed rock 

• Designated waste site, or on-site location of removed fill 

• Treatment of ditches 

• Treatment of landings. 

 

The following minimum physical road specifications and guidelines should be incorporated into 
the design of any new proposed roads, or into the reconstruction, improvement and maintenance 
of existing roads in order to provide maximum traffic safety and management access while 
reducing or eliminating adverse environmental impacts. 

Road Construction Standards 

Tables 3 through 5 list recommended road construction standards. These standards apply to road 
improvement projects the same as they would apply to new road construction. 
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TABLE 3. 
HIGH DENSITY/HEAVY USE ROAD STANDARDS 

Road 
Width 

• Minimum 16-foot running surface 
• Maximum 20-foot running surface (mainline roads)  

Ballast/Bas
e 

• 12 inches (or as needed for support) of compacted pit-run type material. 

Surfacing • Minimum 6 inches of compacted surfacing with material resistant to decomposition and 
breakdown that may contribute to road surface erosion. 

• Crown at 6%. 
• Surface rock specifications may be adapted on a site-specific basis at the discretion of the 

engineer. 

Ditches • Depth: minimum 1 foot below road surface 
• Width: minimum 1 foot 

Cut-slopes • 1:1 —Common material, cut-slope less than 10 feet high 
• ¾:1—Common material, cut-slope more than 10 feet high 
• ½:1—Side slope > 70%, or fractured rock cut-bank 
• ¼:1—Hardpan or solid rock cut-bank 

Fill-slopes • 1½:1 Typical 
• 1¼:1 angular rock (as approved by engineer) 

Fill 
Widening 

• Minimum extra widening (in feet) added to fill-slope side of subgrade to be: 
• 1 foot for fills less than 6 feet, or 
• 2 feet for fills 6 feet or more 

Alignment • Horizontal: minimum 100-foot radius 
• Vertical: minimum 200-foot curve 

Curve 
Widening 

• Minimum extra widening (in feet) added to inside of curves to be: 
• 400’÷ radius of curve (typical), or 
• 200’÷ radius of curve (mainline) 

Turnouts • Turnouts shall be inter-visible but not exceed 750 feet spacing on typical roads. 
• Turnouts will have 50-foot lead-ins and lead-outs with 100-foot long pull-out zone. 
• Turnouts are not required for roads with at least 20-foot wide running surfaces (mainlines). 
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TABLE 4. 
MODERATE USE ROAD STANDARDS 

Road 
Width 

• 12- to 18-foot running surface 
• (16-foot preferred) 

Ballast/Bas
e 

• Ballast for anticipated seasonal use.: 
• 12 inches (or as needed for support) of compacted pit-run type material may be require for 

winter use with heavy equipment. 
• No ballast may be required in conjunction with seasonal haul restrictions. 

Surfacing • Minimum 6 inches of compacted surfacing with material resistant to decomposition and 
breakdown that may contribute to road surface erosion. 

• Crown at 6%. In-sloping or out-sloping at 6% may be acceptable on site specific basis (per 
engineer). 

• Surface rock specifications may be adapted on a site-specific basis at the discretion of the 
engineer. 

Ditches • Depth: minimum 1 foot below road surface 
• Width: minimum 1 foot 
• Note: No ditch required for in-slope or out-slope roads. 

Cut-slopes • 1:1 —Common material, cut-slope less than 10 feet high 
• ¾:1—Common material, cut-slope more than 10 feet high 
• ½:1—Side slope > 70%, or fractured rock cut-bank 
• ¼:1—Hardpan or solid rock cut-bank 

Fill-slopes • 1½:1 Typical 
• 1¼:1 angular rock (as approved by engineer) 

Fill 
Widening 

• Minimum extra widening (in feet) added to fill-slope side of subgrade to be: 
• 1 foot for fills less than 6 feet, or 
• 2 feet for fills 6 feet or more 

Alignment • Horizontal: minimum 50-foot radius 
• Vertical: minimum 100-foot curve 

Curve 
Widening 

• Minimum extra widening (in feet) added to inside of curves to be 400’÷ radius of curve.  

Turnouts • Turnouts shall be inter-visible but not exceed 750 feet spacing on typical roads. 
• Turnouts will have 25-foot lead-ins and lead-outs with 50-foot long pull-out zone.  
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TABLE 5. 
LOW DENSITY/LIGHT USE ROAD STANDARDS 

Road 
Width 

• Minimum 12-foot running surface  

Ballast/Bas
e 

• No heavy loads expected on these roads, ballast required only as needed for traction or 
support of light vehicle traffic. 

Surfacing • Seasonal use is expected on these roads, surfacing is required only if needed for surface 
erosion protection. 

• Crown at 6%. In-sloping or out-sloping at 6% are acceptable. 
• Surface rock specifications may be adapted on a site-specific basis at the discretion of the 

engineer. 

Ditches • Depth: minimum 1 foot below road surface 
• Width: minimum 1 foot 
• Note: No ditch required for in-slope/out-slope roads. 

Cut-slopes • 1:1 —Common material, cut-slope less than 10 feet high 
• ¾:1—Common material, cut-slope more than 10 feet high 
• ½:1—Side slope > 70%, or fractured rock cut-bank 
• ¼:1—Hardpan or solid rock cut-bank 

Fill-slopes • 1½:1 Typical 
• 1¼:1 angular rock (as approved by engineer) 

Fill 
Widening 

• Minimum extra widening (in feet) added to fill-slope side of subgrade to be: 
• 1 foot for fills less than 6 feet, or 
• 2 feet for fills 6 feet or more 

Alignment • Horizontal: minimum 35-foot radius (or as needed) 
• Vertical: minimum 100-foot curve (or as needed) 

Curve 
Widening 

• Minimum extra widening (in feet) added to inside of curves to be 200’÷ radius of curve.  

Turnouts • Turnouts shall be inter-visible but not exceed 750 feet spacing on typical roads. 
• Turnouts will have 25-foot lead-ins and lead-outs with 50-foot long pull-out zone.  

 

Road Drainage 

Roads are arguably the single most dramatic management impact to be made on the landscape 
and can severely disturb natural drainage patterns. Not only can roads redirect surface waters into 
an adjacent drainage basin (drainage piracy), but cut-slopes may also intercept sub-surface flows, 
transferring that additional drainage into the ditch line and creating an increase in surface waters 
that ultimately enter the stream network. The primary function of the road drainage system is to 
intercept, collect and safely disperse surface and sub-surface runoff from roads. 

Proper road drainage is considered to be one of the most critical factors affecting long-term road 
stability and potential environmental degradation (i.e., sedimentation). A properly designed road 
system will manage surface runoff in a manner that mimics natural drainage patterns as much as 
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possible through the use of various structures, including road surface, ditches, culverts, bridges, 
water bars and fords. Appropriate design, placement and maintenance of these structures will 
vastly improve the lifespan of the road and significantly decrease the potential for adverse 
impacts to water quality (mass wasting and/or sedimentation). The following chapter is intended 
to assist Watershed staff in determining the suitable design, placement and maintenance 
procedures for these important drainage structures. 

Road Surface 

The road surface template is the first structure critical in controlling road drainage. Typically the 
road surface is an impermeable layer that can accelerate surface drainage on steeper-gradient 
roads.  

Besides creating a safe running base for traffic, the road surface should also direct drainage to the 
appropriate location. In most cases, the road surface should be crowned approximately 6% to 
each side, this will allow the outer portion of the surface drainage to be directed over the shoulder 
as sheet flow and the inside portion directed into the ditch line. In the upper elevations of the 
SFTMW, out-sloping the road (at least 6%) to direct surface drainage over the shoulder can 
provide a low-maintenance drainage option. Out-sloping however, may create a dangerous 
situation for traffic in areas of potential snow accumulation and should be considered only as an 
option for seasonal use roads. Alternatively, the road may be in-sloped (at least 6%) so that 
drainage is directed towards the bank. In this case, the entire roadway acts as a wide ditch, which 
is a practical solution in instances where cut-banks may be unstable and ditch lines are difficult to 
maintain. Both crowned and in-sloped roadways will require the use of relief culverts as 
discussed later in this chapter. 

In any event, no matter which type of road prism is selected (crown, in-slope or out-slope), the 
surface should be maintained such that significant wheel ruts are not allowed to develop. Wheel 
ruts can allow surface runoff to be directed down the roadway, bypassing ditch lines and relief 
culverts as designed, where the sediment-laden water can then directly enter a stream channel. 
This is especially critical on steeper gradient roadways (more than 6%). Shoulder berms should 
be avoided unless otherwise directed by the Watershed engineer on a site-specific basis. 
Petroleum products will not be used within the SFTMW for dust control. 

Ditches 

Ditches are an integral part of the road drainage system and perform a basic purpose—channeling 
runoff along a safe route until it can be safely discharged onto the forest floor. Ditch lines (and 
culvert headwalls) should be constructed as part of the subgrade instead of being gouged out of 
the cut-slope. 

To properly facilitate drainage, ditch lines should be steep enough to keep water moving (at least 
3%) in order to prevent puddling and subgrade saturation. When the existing road is relatively flat 
(i.e., 200 Road), the ditch line may be artificially steepened through the placement of additional 
relief culverts in a deeper location so that ditch water must drain toward the pipe. Additionally, 
sediment traps or grass-lined ditches and swales may be incorporated into the ditch line (prior to a 



S O U T H  F O R K  T O L T  W A T E R S H E D  M A N A G E M E N T  P L A N  

E - 1 2   A P P E N D I X  E  S U P P L E M E N T A L  I N F O R M A T I O N  O N  R O A D S  

culvert crossing) to reduce the potential for road sediments from entering the stream network 
(sediment traps shall be designed by the Watershed engineer). 

As noted above, selected low-use roads or those located in the upper reaches of the SFTMW may 
be in-sloped or out-sloped to reduce maintenance costs and direct surface drainage as desired. 
Obviously roads constructed to either these templates do not need defined ditches, however the 
crowned road template is the most common in the Watershed and requires well-constructed and 
maintained ditch lines. A rigid maintenance and repair program as discussed later is an important 
factor in continued functionality of the ditch lines. 

Culverts 

Culverts are an extremely important component of the road drainage system. There are two basic 
culvert types—1) relief culverts (cross-drains, used for sending ditch water across the road and 
onto the forest floor, and 2) culverts which will pass a live waterway or stream under the road 
(these may require additional consideration for fish passage). 

Relief Culverts (Cross-Drains) 

Relief culverts are intended to safely discharge ditch water onto the forest floor. Excessive flows 
may be caused by long, continuous stretches of ditch line uninterrupted by culverts (or by 
obstructed culverts). Such heavy flow can create a severe erosion condition at the eventual outlet 
when all of this water is discharged at a single point. 

The following considerations should be taken in the spacing and placement of relief culverts to 
reduce potential for soil erosion at the outlet: 

• Relief culverts should be a minimum diameter of 18 inches and have at least 12 inches of 
cover below the drivable traffic surface. 

• Culverts may be galvanized or aluminized per AASHTO specifications or double-walled 
corrugated polyethylene tubing AASHTO specification number M196. 

• Annular corrugated bands and culvert ends shall be used on metal culverts. On culverts 24-
inches and smaller, bands shall have a minimum width of 12 inches. On culverts over 24 
inches, bands shall have a minimum width of 24 inches. Manufacturer’s approved connectors 
shall be used for corrugated polyethylene tubing. 

• Culverts will be bedded on a firm, well-compacted footing. Areas of poor soil conditions may 
require sub-excavation and backfill with competent material prior to bedding culvert. In 
excessively poor conditions, the Watershed engineer may allow a 4- to 6-inch crown in the 
culvert bed to allow for settlement/compaction. 

• Relief culverts should be sloped 2% greater than the ditch line. As road (and ditch line) 
gradients increase beyond 10%, the culvert should also be skewed approximately 2� from 
perpendicular per each 1% percent of road gradient (i.e., 15% road = 30� skew). 

• With the exception of extreme soil erosion conditions, horizontal spacing of culverts in the 
SFTMW should be based on a maximum vertical distance between culverts of 35 feet (i.e., 
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35’�15% road grade = 235± foot spacing). In situation where the road is located in a section 
of extremely erosive soils, the Watershed engineer may modify this spacing requirement. 

• Additional relief culverts shall be required in locations where the cut-slope intercepts sub-
surface flows. 

• Relief culverts should not discharge into convergent topography (swales, hollows) or other 
sensitive areas. Discharging onto natural ground in areas of divergent topography (noses, 
ridges) is preferred. 

• Ditch relief culverts should discharge onto a well-vegetated forest floor at least 100 feet 
above a live waterway. When this is not possible (steep slopes, stream adjacent roads, etc.), 
an outlet control structure or sediment traps and/or grass-lined ditches and swales may be 
utilized (sediment traps shall be designed by the Watershed engineer). 

• Downspouts or flumes will be incorporated when needed to facilitate discharge onto natural 
ground. Downspouts and flumes will be staked or otherwise securely fastened to remain in 
place. 

• An energy dissipater shall be placed at the outlet of each relief culvert to reduce velocity and 
disperse flow over a broad area in order to decrease potential for soil erosion. 

• Headwalls and catch-basins shall be constructed at the culvert inlet to direct water into the 
pipe and reduce potential of erosion around the inlet and cut-slope. Minimum dimensions are 
2 feet wide and 4 feet long unless otherwise specified by the Watershed engineer or 
hydrologist. 

• Any damaged galvanized coating or cut end shall be retreated with a minimum of two coats 
of zinc-rich paint (per manufacturer’s specifications). 

• Turnouts should not be located above culverts. 

• A routine inspection, maintenance and inventory program will be developed for all culverts 
within the SFTMW. 

Stream Crossing Culverts 

Stream culverts are intended to allow existing surface waters to pass unencumbered through the 
road prism. In cases where potential fish habitat or migration is a concern, a bridge or bottomless 
structural pipe-arch should be considered (see additional details in the Bridge section of the 
report). 

Proper sizing of these structures is critical to the long-term stability of the crossing. Stream 
crossing culverts should be sized to pass a 100-year storm event without overtopping the pipe 
(i.e., maximum headwater depth = pipe diameter). However due to the higher elevation of most of 
the SFTMW, it is recommended that culvert sizes be based on 120% of the expected 100-year 
flows within and immediately below (�300’ vertical) the “rain-on-snow” zone (elevation 1400±’ 
to 3200±’). The Watershed engineer and hydrologist will approve final culvert sizing and 
placement decisions. 
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The following considerations should be taken in the placement and maintenance of stream 
crossing culverts (excluding bridges and structural pipe-arches): 

• All stream crossings are designed by a Watershed Hydrologist and Watershed Engineer. 

• A Hydraulic Project Approval (HPA) must be obtained from the Washington State 
Department of Fish and Wildlife as well as an FPA from the Washington State Department of 
Natural Resources for any stream crossing culvert placement or replacement within ¼-mile of 
fish bearing waters. The HPA may contain additional restrictions or requirements. King 
County Shoreline Division may also require a permit for work within 200 feet of a designated 
“Shoreline of the State” (Chester Morse Lake or Cedar River). 

• Stream crossing culverts must be structurally designed to carry the load intended. In most 
cases, a pipe with a U-80 capacity (typical 80-ton truck) will handle any potential load 
required. Where deeper fills are required (�10 feet), the culvert gauge may need to be 
increased to accommodate the increased load. Culvert vendors should be able to supply staff 
with load tables to assist in ordering culverts of appropriate gauge. 

• Culverts may be galvanized or aluminized per AASHTO specifications or double-walled 
corrugated polyethylene tubing AASHTO specification number M196. 

• Annular corrugated bands and culvert ends shall be used on metal culverts. On culverts 24-
inches and smaller, bands shall have a minimum width of 12 inches. On culverts over 24 
inches, bands shall have a minimum width of 24 inches. Manufacturer’s approved connectors 
shall be used for corrugated polyethylene tubing. 

• Prior to disturbance of the channel (new installation or replacement), all stream flow will be 
isolated and bypassed around the work zone to eliminate sediment input into the waterway. 
This may be accomplished with diversion culverts or by pumping around the work zone until 
installation of the new water crossing has been completed. Flow may be restored through the 
culvert only after all structural components of the installation have been completed. At no 
time will flowing water be allowed come into contact with erodible construction material. 

• Turbidity levels associated with culvert installation operations shall not be allowed to exceed 
5 NTUs (visible plume 20 feet below input source). When required, temporary settling basins 
shall be provided with sufficient capacity to detain runoff long enough to permit water quality 
to improve before discharge in the stream network. 

• Stream crossing culverts should maintain the original stream alignment and grade as much as 
possible. 

• As a general guideline, culverts should have a minimum cover of at least 50% of the pipe 
diameter (structural pipe-arches will have published minimum/maximum cover 
requirements). 

• Backfill and compaction—the culvert will be backfilled and compacted in 12-inch lifts on 
each side, with one side never more than one lift higher than the other. Compaction will be 
accomplished with rollers or other heavy equipment capable of achieving at least of 95% 
standard soil density. 
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• An armored headwall will be constructed at the inlet to each culvert. The headwall will 
extend at least 24 inches beyond each side of the stream channel and at least 12 inches above 
the top of pipe. 

• Exposed fill-slopes will be grass seeded and mulched with 2 inches of straw to reduce short-
term erosion potential. Seed mixes are to be determined by a watershed biologist to avoid 
introducing exotic species or causing other problems. 

• Waste material shall not be placed within 100 feet of a live stream or in such a manner that 
will allow sediment to enter the waterway. 

• The working zone within the riparian area will be limited to the minimum necessary for safe 
operations. 

• Turnouts should not be located above culverts. 

• A routine inspection/maintenance/inventory program should be developed for all culverts 
within the SFTMW. 

Bridges and Fish Passage Culverts 

In many cases, streams (particularly in the lower stream reaches) may contain potential fish 
habitat and thus any proposed road crossing will require additional design considerations to allow 
for unimpeded fish migration in all life stages. Sizing and installation methodologies are similar 
to those identified above for stream-crossing culverts but should also include additional clearance 
of at least 6 feet to allow for debris passage. There are several however additional considerations 
associated with fish-bearing streams worth noting: 

• Bridges shall be inspected at least annually by a qualified engineer to identify potential safety 
concerns and to determine if any maintenance is required. Findings of such inspections will 
be documented in a bridge inventory by staff and use to establish an annual bridge 
maintenance program. 

• A team consisting of an engineer, a hydrologist and fish biologist shall design fish passage 
crossings. 

• Bridge decks should be sealed over the entire length to keep sediment-laden surface drainage 
from entering the stream network. 

• Road gradients of the approaches on both side of a bridge (or fish passage culvert) should 
slope upward towards the bridge to allow surface water to drain away from the crossing and 
discharge directly onto the forest floor through relief culverts. 

• Debris and waste material (rust, paint, dirt, etc) shall be kept from dropping into the water. 
All work shall be carried out over a shield designed to catch such material for disposal at 
acceptable site. 

• The road approaches should be paved (up road gradient) at least 100 feet on each side of the 
bridge (or fish passage culvert) to reduce sediment from being transported onto the deck and 
reduce maintenance requirements at the bridge ends. 
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• Ditch lines should not enter directly into the stream. Sediment traps or outlet control 
structures (as described above) may be used within the ditch line above the stream where 
standard methods are not feasible. 

• Earth disturbing operations around these structures should be limited between July 1 and 
September 30 (HPA conditions may alter this operating window). 

Road Deconstruction Standards 

Road deconstruction will increase the frequency of cross-road drainage. This will involve 
constructing frequent deep water bars across the road bed. Drainage will be directed away from 
unstable areas and erodible soils. The frequency of drainage structures will be designed to 
approximate the surface and groundwater flows prior to road construction. Water bars will be tied 
into the original ditch line, and will be cut into the original road subgrade. The water bars will be 
constructed at an angle to intercept water that could flow down the original ditch line or roadbed 
and direct that water across the road onto stable locations. Where possible ditches will be filled in 
with road fill or fill slope material and sloped to a stable condition. 

Over steepened road fill will be removed and either placed in the ditch line, on the road bed or 
hauled to a designated waste site. The retrieved side-cast material can not be compacted to the 
same density as the underlying road bed, however scarification of the original road bed will 
improve drainage through relocated road fill material and improve regeneration of forest 
vegetation. Since road fill cannot be sloped to be as stable as original soil, recon touring the entire 
road prism will not typically be done. 

Roads constructed through wetlands will be evaluated with the purpose of restoring the wetland 
by either totally removing the road fill or in the case of extensive wetlands, of restoring the 
connectivity through the wetland. Often full road prism removal is required. 

Minimal decommissioning will include scarification of the road bed. Exposed erodible soils will 
be protected by applying brush or straw and seed. Straw and seed mixes will be designed by a 
watershed biologist to avoid introducing exotic species or causing other problems. Bio-technical 
types of products such as coir mats may be used to protect exposed soils from erosion. 

Roads not maintained after a number of years that are overgrown, have no drainage structures, 
and are evaluated to be stable through time will be considered “decommissioned as is”. 

Perched landings pose particular stability issues and receive more engineering review. All known 
perched landings in the SFTMW have been removed and stabilized, but these standards are 
include to illustrate how the work has been done, and how we would treat the discovery of a 
perched landing, should one occur in the future. To decommission a landing the following must 
be addressed: 

• Direct water flow away from the landing. 

• Stabilize organic and mineral material to prevent downslope movement especially into 
streams, and waterways. 

• Minimize surface erosion. 
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Each landing will be completely walked around and evaluated from all aspects. 

Most landings are constructed on a side-slope ridge where the road would have entered a draw if 
it had continued. (This placement maximizes the area available for yarding.) 

After reconnaissance detailed plans will be drafted that show direction and extent of drainage, 
extent of removal of side cast fill and woody debris. The landing area will be flagged consistent 
with the plans. If there is adequate room excavated mineral soils and woody debris will be placed 
on the road bench, against the cut bank if possible, or away from the cut bank if there is a need 
will need to establish a ditch against the cut bank to direct water around woody debris piles. 
Mineral soils will be placed first with the organic debris on top or against the sides, so the mineral 
soils will not become destabilized as the organics decompose. If the perched material needs to be 
removed from way below the landing, the plans will need to detail benching down to reach 
unstable material. This will also depend on deliverability—the risk of material entering a stream. 
If space is limited, end haul may be required. Pull back will not remove more material than 
necessary to recover the original slope. Some of the side-cast material may be left place if it is 
stable. 

Road Maintenance Standards 

Once they have been improved, roads require ongoing maintenance to remain stable and protect 
water quality and habitat from sediment delivery generated by surface erosion or mass wasting. 
At a minimum, roads require culvert inspection and cleaning, surface grading, ditch cleaning and 
brush cutting. Roads deteriorate with time and with use, but proper improvements will reduce 
maintenance needs and costs. The amount and nature of traffic is a significant factor in road 
maintenance activities and cost. 

The unique terrain and the water supply and habitat resources in the SFTMW require road 
improvement and maintenance activities to be conducted to high standards. The steep terrain and 
highly erodible soils are prone to mass wasting, and road failure is likely if roads are not 
maintained to high standards. Maintenance activities include the following: 

• Inspection and cleaning of culverts and ditches 

• Repair to culverts, catch basins and out falls 

• Checking drainage structures after storm events 

• Road grading and sweeping 

• Stabilization of cut banks and fill slopes 

• Clearing roads after storm events and winter closure 

• Vegetation management, eradication of invasive species, and clearing road side brush from 
sight lines. 

The frequency of road maintenance will depend on road use class, and access needs for special 
projects. Eventually all roads will be assigned a maintenance class, and maintenance will be 
scheduled at the appropriate frequency. 
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Road maintenance operations should focus on sustaining a stable, functional road system that 
minimizes adverse impacts to water quality and stream or riparian habitat. Protection of water 
quality is the most important concern during road maintenance planning and activities. Road 
maintenance operations fall into two basic categories: work to rectify defects (repairs) or routine 
maintenance. Repair work is usually needed to mitigate for either poor construction or design 
practices (i.e., unstable banks or fills, poor drainage, etc.), uses that exceed design limits or for 
unforeseen environmental events (storms) whereas routine maintenance is required to sustain the 
current road standards due to degradation from traffic use. Unusual or unanticipated situations 
shall be referred to the Watershed engineer for specific direction. 

Road segments that require extraordinary maintenance, deliver sediment to streams or are 
chronically wet and tend to deteriorate should be evaluated and scheduled for relocation, 
abandonment or reconstruction. 

Some of the major elements of road maintenance are grading (shaping the road surface); 
maintaining drainage structures (ditches, water bars and cleaning and repair of culverts and catch- 
basins); vegetation control; application and replacement of rock ballast or surfacing; and removal 
of material such as rock fall from cut banks. 

The Watershed engineers will continue research into new road construction and maintenance 
methods, techniques, and materials and apply that knowledge where it seems appropriate to 
protect water quality and to be cost-effective. 

Grading 

Routine grading is done to provide a good driving surface and maintain a road prism shape 
(crown, in-slope, out-slope) that allows adequate surface drainage. Additional considerations for 
grading include: 

• Grading shall be done with an attempt to keep road material on the road, instead of pushing 
material off the road. This can be difficult where large quantities of over-sized material exist 
in the road surfacing and may require the use of replacement surfacing material on certain 
segments. 

• Avoid grading when surface materials are excessively wet. When saturated, road surface 
material becomes easily rutted by traffic and can result in an increase in sediment input to 
streams that adversely impacts water quality. 

• Avoid grading when surface materials are too dry unless water is applied to the surface in 
conjunction with grading. Dry material cannot be adequately compacted, resulting in loss of 
fines as dust and segregation of larger aggregates. Petroleum products will not be used within 
the SFTMW for dust control or for the retention of fines. 

• Rock that has fallen on the roads will be prevented from entering streams or draws that 
deliver to streams. This material should be end-hauled to a stable location. Where there will 
be no impact to the stream network, oversized material can be pushed over the fill-slope. 
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• Excess surfacing or ditch material will not be pushed over the fill-slope but will be end-
hauled to a stable location. Excess material that is pushed over the fill-slope can form over-
steepened fills that may become unstable. 

• Berms are not to be formed adjacent to the road except where designated by the Watershed 
engineer. Where berms only serve to keep surface water on the road, they will be eliminated, 
or reworked to allow proper drainage. 

• Determine cause of chuckholes in road surface (standing water, too little surfacing, etc.) and 
select appropriate method to alleviate problem. 

• Road segments where grading has potential to deliver sediment to streams will require special 
attention and alternate maintenance methods. Reduction of sediment delivery may be 
accomplished by changing grading techniques or timing of grading activities. 

Maintaining Drainage Structures 

Ditches, culverts, catch basins, water bars, and any other road drainage structure must be 
maintained to the standards discussed previously to ensure proper function. This plan will 
implement an inventory and inspection program that evaluates these structures at least annually 
and contains a provision for additional inspections following a major storm event. This inventory 
system includes methodologies to make measurable comparisons between maintenance options 
(i.e., WARSEM, etc.) and to help determine relative success for the alternative selected. 

Right-of-Way Vegetation Management 

Roadside vegetation needs to be controlled for safety (i.e., visibility) and to maintain a road 
system that has good air circulation and exposure to sunlight. Roads that are encroached by brush 
and trees can remain saturated and the surface rock may be invaded by the root system, thus 
loosing effectiveness. Sediment delivery potential increases and drainage control is more difficult 
to maintain as the structure of the road breaks down. 

• The City of Seattle has adopted a policy of using no herbicides for roadside vegetation 
control in the Municipal Watersheds. Roadside vegetation control must be accomplished by 
mechanical methods, such as using a mechanized brush-cutter, chainsaws or other hand tools. 

• Consultation with the Watershed biologist is recommended before brushing around fish-
bearing streams. Potential mitigation for loss of riparian canopy due to brushing may include 
additional placement of LWD in the affected stream. 

• Current information indicates that most of the roads within the municipal watershed require 
brushing every 1 to 3 years. In some locations there are other management priorities that 
result in postponing vegetation control. 

Surfacing and Rock Replacement 

To accommodate proper grading and maintain the function the road surface, additional ballast 
and/or surfacing material may be required in specific situations and should consider the following 
guidelines: 
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• Potential sources for surface rock will be evaluated for quality, clean (no fines) rock should 
be used in sensitive places to reduce sediment impact to water. Paved surfaces may be 
appropriate it areas of potentially high sediment delivery to the stream network. 

• Ballast or surfacing rock will be hauled and placed and compacted with care to ensure proper 
drainage and avoid adverse impact to water quality. 

• Petroleum products will not be used within the SFTMW for dust control. 

Snowplowing 

Snowplowing will likely be required on certain road segments to maintain management access 
into critical portions of the watershed. Care should be taken not to disturb the surfacing material 
using the following guidelines: 

• Snowplowing with a grader is preferred over a bulldozer. Leave some snow cover on the road 
to protect the surface (less than 6-inches is easily accomplished with a grader, whereas 12-
inches is most practical with a dozer). 

• The use of “shoes” on bulldozers or rubber blade edges on graders will also help to protect 
the road surface. 

 




