Appendix A

Three-mile Creek Sub-basin Assessment

Description/Current Condition
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Three-mile Creek Sub-basin is located on the northeast side of Klawock Lake. Three-mile Creek Sub-basin covers 5,217 acres, contains three small sub-alpine lakes, and has a maximum elevation of 3,900 feet above sea level. The upper watershed (mountain and ridge tops) is managed by the Craig Ranger District and is in a natural condition. Klawock Heenya, Inc. manages 2,736 acres of lowlands, encompassing all fish bearing streams within the sub-basin. A major alluvial fan is located below the highway at the mouth of Three-mile Creek.  The alluvial fan is quite large, indicating the relatively high erosion potential and transport capability of this very steep sub-basin. Three-mile Creek has a well-defined main channel, a number of overflow and side channels, and extensive areas of beaver influenced ponds on the northwest side of the floodplain.  

Photo 3.  Debris torrent, upper Three-mile Creek.
A housing development is located on the alluvial fan at the mouth of Three-mile Creek (Photo 1). A portion of this alluvial fan is inactive and has not been used by the stream in many years. During a large rainstorm in mid October of 1999, the stream nearly accessed a historic channel through the middle of the subdivision. Because of this event, landowners constructed a berm to protect property. Three-mile Creek is being studied as a potential domestic water source for the community of Klawock and for surrounding industry. The community currently draws its water from neighboring Half-mile Creek. 

Three-mile Creek Sub-basin has been managed for timber production.  More than 1,768 acres of timber have been harvested (low estimate) and approximately 18.0 miles of road have been constructed in the sub-basin.  The road system receives limited regular maintenance.  Numerous landslides have occurred in the watershed.  A large storm event in 1993 triggered several landslides in the sub-basin.  Debris torrents have scoured four small fish bearing streams to bedrock and subsequently deposited large quantities of sediment and debris into main stem Three-mile Creek (Photo 3).  In most cases a thin buffer of trees outline fish bearing streams.  Selective harvest and windthrow have occurred within the buffer strips.  

Tier 1 Survey Results

A Tier 1 stream survey was conducted on 100 percent of Class I (anadromous fish) streams and 95 percent of Class II (resident fish) streams in the Three-mile Creek Sub-basin. Aerial photographs and aircraft reconnaissance were used to inventory stream class and channel type in the upper watershed.  The Alaska Department of Fish and Game anadromous stream catalog lists Three-mile Creek (stream # 103-60-14070-2015) as habitat for pink, coho, and sockeye salmon. ADFG does not regularly conduct coho and sockeye escapement surveys in this sub-basin.

Three-mile Creek Sub-basin is a 3rd order watershed that contains approximately 29 miles of stream channel. The most dominant channel types by process group are High Gradient Contained, Alluvial Fan, and Moderate Gradient Mixed Control. There are 5.1 miles of Class I, 4 miles of Class II and approximately 20 miles of Class III streams mapped in the basin (Table 11). Main stem Three-mile Creek is approximately 4.7 miles in length and is fed by two major tributaries, North and South Fork Three-mile Creeks.  

Table 11.  Major watershed features of Three-mile Creek Sub-basin.

	Three-mile sub-basin
	Acres
	% of total
	Miles

	Total Acres
	5,217
	100%
	

	Ownership   

    Klawock Heenya, Inc.   
	2,735
	52%
	

	    USFS—Craig Ranger District
	2,482
	48%
	

	    Private lots
	N/A
	N/A
	

	Sub-basin Features:

   *Harvest Acres/ Second Growth
	1,768
	34%
	

	    Wetlands
	1,894
	36%
	

	   *Harvested on Wetlands
	111
	2%
	

	    Floodplains and Alluvial Fans
	410
	8%
	

	    Lakes and Ponds
	97.7
	2%
	

	    Roads
	
	
	18 (2.2 mile/sq.m)

	    Total Stream Miles
	
	
	29.1

	        Class I
	
	
	5.1

	        Class II
	
	
	4

	        Class III
	
	
	20


*This information is based on preliminary data, actual numbers are considerably higher.

Approximately three miles of main stem Three-mile Creek is accessible to anadromous fish (Class I); a 30-foot falls blocks upstream passage at river mile 3.1. An additional 0.5 miles of main stem Three-mile Creek is accessible to resident trout (Class II).  North and South Fork Three-mile support very limited anadromous habitat (less than one half mile combined). South Fork Three-mile (T8) contributes the majority of resident fish habitat in the remaining stream network. The dominant wetland types in Three-mile Creek Sub-basin are Alpine Meadows and Forested Wetlands. Alpine meadows blanket the high peaks in the sub-basin.
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Figure 8.  Major Features of Three-mile Creek Sub-basin.

PFC Assessment Results

A PFC assessment was conducted on all Class I and II streams and on some Class III streams in the Three-mile Creek Sub-basin. Three-mile Creek and its tributaries were delineated into 16 reaches for the PFC assessment. Main stem Three-mile Creek was delineated into seven reaches: 3M1 through 3M7. The South Fork (Trib 8) was divided into three reaches: SF1; SF2; and SF3. The North Fork (Trib 6) was divided into NF1, NF2 and NF3. Tributary streams with similar conditions were aggregated into one reach for assessment purposes.  Tributaries 1,2,3,5 were grouped into one reach (3MT1,2,3,5). 

Table 12. PFC rating summarization for the Three-mile Creek Sub-basin.

	Sub-basin
	Reach
	PFC Rating
	Fish
	Channel Type
	Location River Mile
	Total Length (feet)

	Three-mile
	
	
	
	
	
	

	Main stem
	3M1
	FAR D
	Y
	AF1
	0.0
	10,850*

	
	3M2
	FAR D
	Y
	MM2, FP4
	0.7
	7,150

	
	3M3
	FAR D
	Y
	MM1, MM2
	2.2
	2,200

	
	3M4
	FAR U
	Y
	MM1, HC2
	2.7
	2,050

	
	3M5
	FAR D
	Y
	HC2, HC6
	2.9
	1,100

	
	3M6
	FAR NA
	Y
	HC6
	3.2
	2,050

	
	3M7
	FAR D
	N
	HC2, AF1
	3.6
	1,475

	Tributary
	
	
	
	
	
	

	T1,2,3,5
	3MT1,2,3,5
	NF
	Y
	MM1, HC2
	NA
	6,400

	T6
	NF1
	NF
	Y
	AF2, HC2
	NA
	950

	T6
	NF2
	FAR NA
	Y
	HC6
	NA
	1,175

	T6
	NF3
	FAR NA
	Y
	HC2and6
	NA
	3,200

	T6A
	3MT6A
	NF
	Y
	AF2, HC2and6
	NA
	2,500

	T7
	3MT7
	FAR U
	Y
	MM1, HC2
	NA
	2,900

	T8
	SF1
	PFC
	Y
	MC1, HC2and3
	NA
	3,775

	T8
	SF2
	FAR U
	Y
	HC2, AF1
	NA
	2,900

	T8
	SF3
	NF
	Y
	AF1and2, HC5and6
	NA
	4,750

	
	
	
	
	
	
	Total  10.5 miles


*denotes AF channel, multiple channels on pronounced alluvial fan.

Eleven reaches are rated Functional at Risk (FAR), one Proper Functioning Condition (PFC), and four Non-Functional (NF) (Figure 8, Table 12). The majority of stream reaches classified as FAR lacked future large woody debris recruitment potential, had excessive erosion and/or deposition, and lacked channel stability. Stream reaches rated NF clearly lacked stabilizing physical characteristics and cannot reach their potential without management intervention (Prichard et al, 1998). The key factors that determined the rating were upland watershed degradation, stream bank and upland harvest, lack of LWD now and future LWD recruitment, and absence of riparian/wetland plants. These reaches were harvested to the streambanks, consequently there is no future LWD recruitment available. A discussion of the individual reach descriptions and ratings are included in Appendix B.  

Restoration Opportunities for the Three-mile Creek Sub-basin

The Watershed Assessment Team identified five restoration opportunities in the Three-mile Creek Sub-basin (Figure 8). These opportunities will help move streams back towards a functional condition, are relatively low cost, and were designed to meet specific objectives for the site. Below is a site-specific list of immediate restoration opportunities. The following list should not be considered comprehensive or prioritized. Detailed information exists in Appendix C.

Three-mile Creek Sub-basin is a priority for implementing restoration opportunities. Three-mile Creek contains the most sockeye and coho spawning habitat in the watershed. Risks to habitat disturbance from landslides, deteriorating road systems, and accelerating channel erosion and deposition in Three-mile sub-basin is high. A comparison of these risks to potential disturbance of the high value fish habitat make it a high priority for restoration activities. 

Table 13. Three-mile Creek Restoration Opportunities.


[image: image2.wmf]Project 

Numb.

Sub-basin

Stream

Location

PFC ID

Sum 

Det.

Length / 

Area

Issue / Opportunity

Proposed Restoration Activity

1**

3-mile

Trib 2

Lower 3-mile 

above confluence 

of mainstem

3MT1,2,3,5

NF

4-600' class I. 

1600' class II

A spur road with log culvert in the 

creek is blocking fish passage

Remove a short section of spur road and log 

culvert. Remove logging debris, currently 

smothering the wetted channel. 

2

3-mile

Trib 7 

Road XXX, 

floodplain road 

between T4-7

3MT7 and others

FAR U

0.5 mile road, 

3000'  stream

Restore  / improve fish passage 

class I and II

Remove 5 small stream crossings, short 

section of road (75-100 ft.) beyond tributary 

7, add LWD.   

3

3-mile

Trib 8

South Fork road 

crossing

SF3

NF

1600' habitat, 

800' road

Fish passage, water diversion, 

ditchline erosion, culvert 

plugging and road washouts

Remove and/or replace non-functioning 

culverts.

4

3-mile

NA

Upper mainstem

3M7

FAR D

3,000 ft road

Several culverts are plugged and 

causing water diversions. 

Remove and/or replace culverts and put roads 

in storage

5

3-mile

Several

Mainstem and 

tribs

Several, refer to 

Appendix C

Various

Approx. 25  

Acres

Inadequate riparian buffers

Riparian Thinning, promote growth of large 

riparian trees.

**Partially completed by Klawock Heenya Inc. in 2001.



Appendix B
Three-mile Creek Sub-basin

Individual Reach Descriptions and PFC Assessment

A PFC assessment was conducted on all Class I and II streams and on some Class III streams in the Three-mile Creek Sub-basin. Three-mile Creek and its tributaries were delineated into 16 reaches for the PFC assessment. Main stem Three-mile Creek was delineated into seven reaches: 3M1 through 3M7. The South Fork (Trib 8) was divided into three reaches: SF1, SF2, and SF3. The North Fork (Trib 6) was divided into NF1, NF2, and NF3 (Figure 6, Table 12). Tributary streams with similar conditions were aggregated into one reach for assessment purposes.  Tributaries 1, 2, 3, 5 were grouped into one reach (3MT1, 2, 3, 5).  Results include a brief description of the reaches and a discussion of how the rating was determined. 

Main stem Three-mile Creek  
Reach 3M1 extends 3,800 feet from Klawock Lake to the highway crossing; total reach length is 10,850 feet.  This reach is Class I, channel type AF1.  The alluvial fan is large (approx. 152 acres), and includes multiple channels that are accessed depending on streamflow.  Typically, at least three channels have water and support fish.  At this time, the western-most channel consists of beaver ponds and timber has been harvested to the streambanks.  Selective timber harvest has occurred adjacent to the middle and southern most channels of reach 3M1.  Significant blowdown is scattered throughout the reach.  Fresh, mobile bedload deposits are frequent along the middle channel.  

A housing development has started south of the southern-most channel.  This housing development sits on top a historic overflow channel that is easily identifiable on historic air photos.  Reach 3M1 functions to deposit sediment and dissipate stream energy.  Large wood is absolutely necessary to hold streambanks and dissipate energy in reach 3M1.  The City of Klawock is investigating the possibility of using Three-mile Creek as a supplemental domestic water source.  The drawdown would occur upstream of reach 3M1. Adequate salmon spawning and rearing habitat is available.  Adult sockeye and pink salmon, Dolly Varden, and coho salmon fry were observed during the survey. 

Reach 3M1 was rated Functional at Risk with a downward trend.  The current supply of LWD in the stream is more than is typically seen in most stream reaches. However, it appears that the LWD is becoming buried at a very fast rate by incoming sediment.  Furthermore, there is an inadequate supply of large wood adjacent to the stream for future recruitment needs.  It was apparent to the PFC Team that the stream was downcutting in a few areas but aggrading rapidly in most areas.  Excessive sediment deposition was visible in many areas where the stream is not downcutting.  At this time, it appears there is enough LWD and riparian vegetation is present to process the additional sediment from upstream sources.  It is unlikely that enough large wood will be present to dissipate energy in the future.  

The roads and rock fill associated with the highway crossing and the housing development on the southeast side of the fan denies the stream access to a large historic overflow channel during high streamflow events (as it did in October 1999).  The team was also somewhat concerned that the streambed is shifting rapidly enough to bury salmon beds, thus affecting salmon production.  The highway has altered the hydrology and morphology of this reach by impairing floodplain connectivity.  The stream may be decades from reaching PFC and will respond accordingly as the upper watershed improves and bedload stabilizes.  
Reach 3M2 extends 7,150 feet upstream from the highway crossing to a point 150 feet below the confluence with the North Fork Tributary (NF1).  At this point, reach 3M2 intersects a small alluvial fan associated with the North Fork tributary.  Reach 3M2 is predominantly an MM2 channel type with some interspersed FP4 segments.  Other features include numerous side channels, beaver ponds, overflow channels, and some mid-channel bar deposits. The FP segments exhibited high sinuosity, multiple channels, and well-developed point bars.  Most of this reach has a narrow buffer of trees left from harvest in the late 1980s.  Windthrow  is frequent in the upper portion of the reach.  The team noted variable stream gradients, especially in the floodplain (upper) portion of the reach.  The variable stream gradients were attributed to headcutting through debris dams.  The stream was not vertically stable in these areas.  The stream appears to be adjusting to the debris dams created shortly after landslides in the upper part of the basin.  In some cases, debris dams were still intact and holding back large volumes of sediment.  At this time, the amount of LWD is more than the team expected to see in this type of channel.  Pre-harvest air photos show alder trees in the riparian area along the upper part of reach 3M2.  The alders indicate that this reach has always been dynamic. Debris from landslides occurring in the steep headwater areas often ends up in reach 3M2.  A few beaver dams occur on the edge of the floodplain away from the main channel in the upper part of the reach.  A stream gage was established in the upper part of the reach, where the City of Klawock is studying the water source potential.  Five small tributaries enter this reach (Class III and IV).  One reach sharing similar features was delineated into one reach containing tributaries 1, 2, 3, 5. (3MT1, 2, 3, and 5).  These areas are excellent spawning habitat.  Adult sockeye, pink, chum (few) and coho fry were observed during the survey (9/1/99). Overall, this reach encompasses a fair amount of available spawning habitat.

Reach 3M2 was rated Functional at Risk with a downward trend.  At this time, portions of reach 3M2 are not vertically stable.  The stream appears to be processing a lot of sediment that is stored behind numerous debris dams.  Although pre-harvest air photos indicate a long history of instability, the PFC Team believes the reach is more unstable now than is typical.  Currently there appears to be an adequate amount of LWD in the stream to process the sediment, although the LWD is aggregated in debris dams. The riparian area may not have enough large trees available for LWD recruitment in the future.  In areas where the stream is downcutting and headcutting through debris dams, the stream cannot access the floodplain.  In these areas, vertical cutbanks are common and riparian trees are being undercut and sloughing into the stream at a rate faster than expected.  Reach 3M2 would also be affected by instream flow reductions resulting from a potential drawdown.  In the short term, continuous flow reductions might help stabilize the excess sediment. In the long run, lower flows would mean less habitat for fish and possibly more sediment that would be subject to a high flow event.   The reach will recover slowly as the upper watershed improves and the bedload stabilizes or is processed downstream.  Thinning of streamside trees at the appropriate time may facilitate recovery if stream banks are stable.    

Reach 3M3 extends 2,200 feet from the confluence with the North Fork (T6) to the confluence with the South Fork Three-mile (T8). Two small tributaries, 3MT6A and 3MT7 intersect this reach.  Reach 3MT6A hosted a debris torrent that directly intersected this reach.  The alluvial fan associated with North Fork Three-mile Creek influences the first 50 yards of the reach.  Reach 3M3 is a Class I (MM1).  Large channel-spanning sediment wedges occur throughout the reach.  These wedges are held in place by LWD and often exceed 6 feet in thickness. These features usually result in the formation of low gradient deposition areas.  In some areas the wedges have stabilized over time.  This is evident from 30-year-old spruce stands on some wedges. In other areas, the wedges erode through and slowly transmit sediment downstream.  Overall, the reach functions as a depositional area receiving and aggrading sediment.  Reach 3M3 receives much of its sediment from the south fork and from reach 3M4 located directly upstream. These two reaches are deeply incised transport channels that extend about a mile upstream.  A narrow, singletree buffer left during timber harvest in the late 1980s lines the stream along reach 3M3.  Pre-harvest air photos indicate alder trees in the riparian area along reach 3M3.  The alders indicate that the streambanks were not stable.  It appears the long, deeply incised transport reaches immediately upstream have always yielded excess sediment to reach 3M3.  Some localized vertical instability was observed near the toes of the sediment wedges.  Coho fry were present during the survey. Reach 3M3 ends at confluence of South Fork Three-mile Creek (T8), approximately 2.7 miles up the drainage. 

Reach 3M3 was rated Functional at Risk with a downward trend.  Bedload accumulation appears to be more than what was historically present in reach 3M3.  Landslides from the October 1993 storm event and road construction have contributed sediment to this reach.  Although the amount of LWD in the stream appears adequate at this time, large trees on the streambank are in limited supply due to timber harvest in and adjacent to the riparian area.  The road system in the upland watershed is deteriorating and may contribute to debris torrents in the future.  It is likely that harvest within the deeply incised gorge along the south fork (upstream) has contributed sediment and debris to reach 3M3 and will likely continue to contribute sediment in the future.  The stream is not in balance with the water and sediment being supplied by the watershed; excessive deposition associated with debris jams is occurring.  Reach 3M3 will recover slowly as the upper watershed improves and the bedload stabilizes.  Thinning of riparian second-growth may facilitate recovery.  Road decommissioning may also prevent further upland watershed degradation in the future.  

Reach 3M4 begins at the confluence with south fork Three-mile Creek and extends 2,050 feet past a 25 foot high falls (end of anadromous distribution) to a distinct change in vegetation and landform.  Reach 3M4 can best be described as a shallow gorge 20 to 60 feet deep. Predominant channel types are MM1 and HC2. The bottom end of the reach has an accumulation of sediment similar to reach 3M3.  A debris torrent down tributary 12 directly intersected this reach.  A slope-break buffer was left along almost all of this reach; most trees remain standing.  Reach 3M4 functions as a transport channel and does not need much LWD.  Two small tributaries, T12 and T9 flow into reach 3M4.

Reach 3M4 was rated Functional at Risk with an upward trend.  The amount of LWD reflects normal loading for this channel type.  The buffer left on the stream appears capable of supplying adequate LWD over time in the future. Excessive bedload accumulation was noted at the bottom of the reach.  The stream is not in balance with the water and sediment being supplied by the watershed. Deposition from upstream landslides exacerbated the debris accumulations at the bottom of the reach.  Reach 3M4 is predominantly a transport channel and will flush excess sediment downstream.  Reach 3M4 will recover as the upper watershed improves and the bedload stabilizes or moves downstream.  Mitigation of the destabilizing factors in the upper watershed, primarily the road system, may also help facilitate recovery. 

Reach 3M5 extends 700 feet upstream to an old stream crossing (removed log stringer bridge with abutments still in place) and up an additional 400 feet to where a small Class III tributary intersects the stream.  This junction denotes the end of resident fish distribution and also the upper extent of the reach.  Gradient increases to a sustained 20 percent above this point. Reach 3M5 is Class II HC2 with a total length of 1,000 feet..  Reach 3M5 functions as a deposition and transport channel.  In this landscape position, the reach receives a lot of colluvium and sediment from upstream sources and has built a small alluvial area that is currently inaccessible due to downcutting.  LWD is necessary for this reach to dissipate energy and stabilize streambanks.  A single tree buffer lines the stream in the lower section of the reach, however windthrow has toppled all of the large trees and only small diameter hemlock trees remain.  Currently, there is a lot of LWD suspended over this reach.  There are no large trees available for LWD recruitment in the future.  Downcutting has exposed some LWD that was apparently buried under 5 feet of sediment until recently.  A piece of this LWD was dated to approximately 1,080 years before present.  Upstream, reach 3M6 deposits a lot of sediment and debris into reach 3M5, which has formed two debris dams more than 10 feet high just upslope of the road.  A debris torrent down T12 near the top of this reach also contributed to the formation of debris dams.  It is apparent that similar dams have catastrophically released sediment in the past, resulting in the downcutting found in the lower part of reach 3M5.       

Reach 3M5 was rated Functional at Risk with a downward trend.  The excessive deposition in the upper part of reach 3M5 indicates that upland and upstream sediment sources are not yet stabilized.  In the lower part of the reach, downcutting and windthrow has left much LWD suspended over the stream channel.  The downcut channel cannot access overflow channels and must transmit all sediment and water downstream, even at high flows.  There are no large trees adjacent to the stream to provide LWD in the future.  The stream will recover slowly as the upper watershed condition improves and the bedload stabilizes.  Thinning of riparian trees at the appropriate time may facilitate recovery.

Reach 3M6 begins at stream mile 3.3, 400 feet above the old bridge crossing and extends 2,050 feet upstream through a steep-walled 50 to 100 foot deep gorge ending at a 25 foot falls.  Reach 3M6 is an HC6 channel with gradient 20 plus percent to the V-notch.  Reach 3M6 functions to transfer sediment and debris downstream, and has little storage capacity for sediment or LWD.  Very little LWD is needed for channel stability, as the channel is dominantly bedrock controlled.  Timber harvest was selective below the slope-break.  Currently the reach has a large amount of woody debris from logging slash and trees slumping into the stream from the steep gorge walls.  There is a high frequency of small debris jams in the upper reach as is expected in this type of channel and landform.  

Reach 3M6 was rated Functional at Risk, trend not apparent.  Although reach 3M6 has more fine woody debris and sediment than is typical, the PFC team believes this reach can pass that additional load downstream during the next high flow event. Recovery of the reach is dependent upon improvement of the upper watershed (roads) and future landslide activity.  

Reach 3M7 begins upstream of the V-notch and extends 1,475 feet to the USFS boundary.  Reach 3M7 begins Class III (HC2) and continues to Class III (AF1) upstream of the log stringer bridge.  The lower HC2 channel functions to transport sediment and debris downstream, and has little storage capacity for sediment and debris.  Lots of recent LWD is lying in and/or across the channel, most likely from windthrow of the singletree buffer left on this stream.  The upper part of the reach is an alluvial fan formed in colluvium from the cirque basin just upstream.  Alluvial fans are fairly dynamic and need LWD to dissipate energy and provide bank stability.  Selective harvesting of trees on the alluvial fan occurred up to the Forest Service boundary.  The stream is currently braided and fresh deposits of sediment are evident.  The road cuts across the toe of the fan and has intercepted some of the smaller side channels and rerouted them to the main channel. 

Reach 3M7 was rated Functional at Risk with a downward trend.  On the alluvial fan portion of the reach, LWD is mostly absent and the stream is braiding though loose colluvium.  Large trees are mostly absent in the riparian area and there is little source of LWD for recruitment in the future.  The stream may not be properly dissipating energy and there was visible stream bank erosion in the lower reach.  The road at the toe of the fan is affecting water delivery. The stream will recover slowly with the limited wood recruitment from the upstream watershed.  Thinning of riparian vegetation at the appropriate time may help produce large trees sooner.  Improvement of the road drainage will maintain water retention for downstream reaches.    

Reach 3MT1, 2, 3, 5 are a group of tributaries (1, 2, 3, 5) that drain into the north side of lower Three-mile Creek. These streams are small mountain footslope channels that share similar physical characteristics and management. These streams are transitional channels that transport sediment at high flows and deposit sediment at low flows.  These tributaries are Class I (MM1) as they intersect Three-mile Creek at gentle gradients and Class II (channel type HC2) as they extend upslope to steeper gradients.  The ADFG anadromous stream catalog lists these streams as being used by coho salmon.  Harvest adjacent to these streams occurred as early as the early 1980s and as late as 1997.  These streams are small, typically three to six feet in width.  MM1 streams need a moderate amount of LWD to function properly.  Typically, there is no buffer on these streams and the streams currently contain a large amount of fine woody debris (logging slash).  The buffer left for main stem Three-mile includes the first 50 to 100 feet of these tributaries.  A spur road crossing on Tributary 2 left a log culvert in place.  The log culvert constricts flows and blocks fish passage (obstruction removed by Klawock Heenya, Inc. in 2001).  The channel is aggrading and may widen beyond the normal floodplain.  

Reach 3MT1,2,3,5 was rated Non-Functional.  The reach currently contains an excess of “fine” woody debris that is reducing water velocities and trapping more fine sediments than typical for this channel.  The stream also appears to be eroding around the debris in places.  Shade from logging debris may be affecting certain biological components of the stream including primary productivity.  There are no large trees adjacent to the stream for LWD recruitment in the future.  The stream will improve as trees grow back on the adjacent riparian and uplands, but is decades from reaching PFC.  Removal of the fine woody debris would improve stream hydraulics, allowing the stream to dispose of fine sediments.  Thinning of second-growth stands at the appropriate age may facilitate recovery.  

North Fork Three-mile Creek (Trib 6)

North Fork Three-mile Creek is a 3rd order stream comprised of two miles of Class I/II/III channel (channel types AF2/HC2/HC6).  The North Fork of Three-mile Creek (Trib 6) drains a large section of the 3-mile sub-basin. The system is steep and unstable. Several landslides are visible in this basin.  The North Fork was delineated into three reaches for this assessment: NF1, NF2 and NF3.

Reach NF1 extends 1,000 feet up from the confluence of Three-mile Creek.  Reach NF1 functions as a transport and depositional zone for North Fork Three-mile Creek.  LWD is important in this reach, especially in the lower alluvial fan section.  The reach currently retains little LWD due in part to landslides upstream that scoured the channel.  A road crossed the reach at its mid point near the top of the alluvial fan.  The road does not appear to be impairing channel migration or access.  Timber harvest occurred in the 1980s and left a narrow buffer on reach NF1.  The buffered area upstream of the road was windthrown by 1991.  The landslide that scoured the stream probably occurred in October 1993.  

Anadromous access ends at a 40-foot high falls at the end of the reach.  The ADFG anadromous stream catalog lists this stream as being used by coho salmon.  Resident fish may inhabit the upper reaches above the falls but this has not been verified. This stream is most likely marginal habitat for coho salmon due to its high gradient and lack of spawning habitat (gravel). It is highly likely that anadromous fish utilize the lower gradient reach near the confluence with Three-mile Creek. 


Reach NF1 was rated Functional at Risk with a downward trend.  Due to scouring from the recent landslides, reach NF1 is missing much of the LWD expected in this channel type.  The scouring also caused some downcutting and "simplification" of the channel network on the alluvial fan portion of the reach.  Due to adjacent timber harvest and windthrow, there is not an immediate source of LWD for the future.  The trees within the deeply incised V-notch upstream may provide some LWD but probably not in the quantities that the stream is capable of using.  The alluvial fan segment is expected to degrade and/or unravel before it gets better, unless there is an influx of LWD.  The PFC Team could not confidently determine if the stream is vertically stable. The stream may be decades from reaching PFC. The stream will recover slowly as the upper watershed improves and the bedload stabilizes.  Thinning of second-growth stands adjacent to the stream at the appropriate time may improve recruitment of large trees for recovery.  

Reach NF2 was rated FAR--trend not apparent

No individual reach description information is available for this reach.

Reach NF3 was rated FAR--trend not apparent

No individual reach description information is available for this reach.

Reach 3MT6A is a small Class I/II/III stream comprised of AF/HC2/HC6 channel types.  Reach 3MT6A begins near the confluence of the North Fork and main stem Three-mile Creek and extends east-northeast following a recent landslide track.  It has a total length of 4,200 feet..  A road crosses the reach about 1,700 feet from the beginning of the reach. Reach 3MT6A was scoured to bedrock in the upper part by a landslide that probably occurred during the October, 1993 storm event.  Timber harvest occurred in the late 1980s and no buffer was left.  This reach is predominantly a transport channel with depositional areas in the lower 500 feet. Little LWD remains in the channel.

No fish were trapped at the first road crossing but potential habitat exists to this point. The ADFG anadromous stream catalog lists this stream as being used by coho salmon 1,700 feet to the first road crossing.  Juvenile coho salmon were observed in the lower reach during the survey (8/16/99).

Reach 3MT6A was rated Non Functional.  Reach 3MT6A has been scoured to bedrock for much of its length.  LWD and sediment is necessary for the stream to rebuild the channel complexity it once had.  Sediment and LWD is present in the lowest part of the reach, however it is all in one large debris pile from the landslide.  Due to harvest of streamside vegetation, there is no LWD source for recruitment in the future.  The stream is decades from reaching PFC. The stream will recover slowly as the upper watershed improves.  Thinning of adjacent second-growth stands at the appropriate time may facilitate recovery. 

Reach 3MT7 is a small Class I/II stream comprised of MM1 and HC2 channel types.  MM1 and HC2 channels function to transport materials downstream.  MM1 channels are transitional channels between steep gradient mountain slopes and low gradient floodplains.  The total length of reach 3MT7 is 2,900 feet..  Timber harvest occurred adjacent to the lower 70 percent of the stream channel in the late 1980s.  Alder trees currently dominate the riparian plant community in the lower part of the reach.  Reach 3MT7 flows through a muskeg area for about 30 percent of its length. Reach 3MT7 is crossed by two roads.  The lower crossing is a log stringer bridge.  The upper crossing is a culvert on the main access road. Approximately 900 feet of reach T7 Class I, an additional 700 feet is Class II. Coho fry were observed in the lower half of the tributary to the first road crossing (9/2/99). Two small Class III/IV tributaries intersect downstream left.  Quality of habitat is high relative to stream size. Good rearing and spawning habitat is available in the lower reach below the first road crossing.

Reach 3MT7 was rated Functional at Risk with an upward trend.  The MM1 portion of the reach has a fairly well developed channel with a small floodplain adjacent to the reach.  The road and bridge are currently constricting flows and limiting the stream’s access to the floodplain.  Excess sediment deposition was noted just below the bridge. There is currently a reasonable amount of LWD in the stream.  Future sources of LWD are lacking in the lower reach due to streamside harvest.  Streambanks are relatively stable, but a minor amount of downcutting was noted.  The streambanks may not be stable in a large flood event when LWD and access to the floodplain are necessary to dissipate energy and stabilize banks.  Reach T7 will recover slowly as riparian vegetation matures.  Thinning of the alder dominated stand adjacent to the stream at the appropriate time may facilitate growth of streamside trees that may become LWD. Removal of a short section of road and stream crossing will reconnect the stream with the floodplain. 

South Fork of Three-mile Creek

South Fork of Three-mile Creek (3MT8) is a 3rd order stream containing 2.5 miles of stream comprised of various channel types.  A total of three reaches were delineated for the purpose of this assessment: SF1, SF2, and SF3.  Five small Class III/IV ephemeral tributaries enter the South Fork of Three-mile Creek. The ADFG anadromous stream catalog lists this stream as utilized by coho salmon up to the V-notch and associated cascades, 1,600 feet up the stream from its confluence with main stem Three-mile Creek.  This stream contains fair habitat for coho salmon.  An additional 6,500 feet of Class II habitat is available upstream of the falls to the next road crossing.  Resident Dolly Varden trout were trapped downstream of the road crossing but not upstream. Habitat exists above the road crossing to the next series of falls immediately below the alpine, but this habitat is not well connected. Culverts at the main road crossing impair fish passage.  An additional 2,000 feet of fair to good resident fish habitat would be available if the culverts were removed.  The area upstream of the road crossing has the characteristics of an alluvial fan. Two distinct stream channels bisect the feature including one mile of previously unrecorded Class II stream. Timber harvest in the basin occurred mostly in the late 1980s.  Riparian vegetation is varied; reach SF1 is enclosed within a mature forest. Reaches SF2 and SF3 have a variable width buffer. Field reconnaissance and aerial photo interpretation revealed numerous slides intersecting the channel, which contribute large quantities of sediment to the stream. 

Reach SF1 extends 3,775 feet upstream from the confluence with the main stem Three-mile Creek.  Reach SF1 begins with a relatively low gradient, fluvial MC1 channel type, that changes to a gorge-like HC3, and transitions to an HC2 channel upstream of the V-notch.  Reach SF1 ends 800 feet above the v-notch where timber harvest increases. SF1 flows through a 50 to 150 foot deep V-notch for most of its length.  A bedrock cascade about 25 feet high occurs within this notch, 1,600 feet from the confluence with Three-mile. SF1 is Class I to the cascades and Class II upstream. Available spawning and rearing habitat is naturally low in these debris transport channel types. 

Reach SF1 is dominantly a transport channel with a depositional area in the first 1,000 feet.. Reach SF1 functions to move materials downstream, and limited depositional areas were noted within the gorge.  The gorge is wide enough that minor floodplain area exists within it.  Small amounts of LWD are needed to stabilize the narrow floodplain areas within the gorge.  Very large LWD is capable of spanning the stream and retaining sediment for the life of the LWD.  Selective timber harvest occurred within the gorge-like V-notch for most of its length.  Several landslides (cut-bank failures) were noted within the gorge section.  These failures appear to be a natural source of sediment and woody debris along the steep channel sideslopes within the gorge.  Several debris dams associated with these slumps were observed.   Composition of the debris jams includes logging slash.  Most LWD in reach SF1 is associated with debris jams; otherwise LWD distribution was low.  

Reach SF1 was rated Proper Functioning Condition.  The PFC Team had a difficult time applying a summary rating to the reach. Although the gorge is naturally unstable, ten cut bank failures within the gorge directly intersected the reach, indicating excessive sediment load.  A landslide (debris torrent) in reach SF2 contributed much sediment to the stream and some of this sediment may have entered reach SF1.  Road drainage problems (i.e., interception and re-routing of water from one channel to another) were also noted in the upper watershed.  The stream appears to be transporting the excessive sediment downstream and does not appear to be eroding or downcutting.  LWD recruitment is not critical for this reach. However, the stream requires some LWD recruitment.  Streamside timber harvest has reduced the available supply of LWD for recruitment in the future.  While reach SF1 appears to be resilient, landslide activity within this reach could be contributing to excess sediment in downstream reaches.  

Reach SF2 extends 2,900 feet from the end of 3MTR81 to a distinct change in vegetation below the road crossing. This reach is Class II, comprised of HC2, MM2 and AF1 channel types.  The MM2 channel type is predominant above the V-notch and intersects an alluvial fan towards the end of the reach. Reach SF2 primarily functions as a sediment deposition area with sediment storage limited by landform.  Large wood is needed in this reach to stabilize sediment and streambanks.  Selective timber harvest has occurred in the riparian area throughout the reach.  A narrow buffer lines the creek on the north side of the stream and a selectively harvested forested wetland borders the south side of the stream.  Significant blowdown is scattered throughout the reach.  Adequate resident fish spawning and rearing habitat is available.

Reach SF2 was rated Functional at Risk with an upward trend.  The PFC team is concerned about upland watershed degradation, particularly increased sediment inputs from landslides. Reach SF2 has an adequate amount of LWD in the stream to handle the additional sediment at this time; however, windthrow may limit the amount of LWD recruitment in the future. Reach SF2 needs a consistent source of LWD to stabilize sediment and streambanks.  The PFC Team determined that current plant communities are not an adequate source LWD for maintenance and recovery.  The stream will respond positively as the upper watershed condition improves and riparian trees mature. Road decommissioning could help limit sediment sources in the near future.  

Reach SF3 extends from a change in riparian vegetation downstream of the road to approximately 4,750 feet upstream to the USFS boundary.  This reach is Class II, channel type AF1, and is highly dynamic as the stream braids through the alluvial fan landform.  Four stream crossings occur at the road crossing.  The channel is aggrading sediment in many areas and the stream channel changes location on a seasonal basis.  Reach SF3 requires large wood and root systems of large trees to stabilize streambanks.  A singletree buffer was left along most of the reach.  Windthrow within this buffer has reduced the number of large trees available for LWD recruitment in the future.  Many windthrown trees are lying in or across the channel.  Timber harvest occurred on all portions of the alluvial fan except the buffer along the main channel.  A debris torrent in Tributary15 has buried about 150 feet of the reach downstream of the road.  Road drainage problems are numerous (i.e., fish passage, interception and re-routing of water from one channel to another).  A stream crossing failure was documented on a return field visit following a large rainstorm in the fall of 1999.  Dolly Varden trout were trapped downstream of the road crossing, but not upstream.  About 2,000 feet of fish habitat exists upstream.

Reach SF3 was rated Non-Functional.  There is a lack of large trees and LWD available to stabilize streambanks now and in the future.  As root systems decay and the stream continues to aggrade, channels will likely continue to braid and stream depth will become shallower.  The landslide in the lower reach has deposited a large volume of sediment in the stream.  Excessive sediment/bedload deposition was observed throughout the stream channel. The sinuosity on the northern-most channel upstream of the road is not in balance with the landscape setting. The stream needs LWD now and in the future.  The road system is contributing sediment and rerouting hillslope water.  Ditch lines are eroding and the culvert crossings are not passing fish at most flows.  Road decommissioning could improve watershed condition and allow resident fish access to another 2,000 feet of habitat.  Thinning of trees in the riparian area at the appropriate time may facilitate recovery.  
Appendix C

Proper Functioning Condition (PFC) Methodology

Proper Functioning Condition (PFC) is a qualitative method for assessing the condition of riparian-wetland areas.  The term PFC is used to describe both the assessment process and the condition of a riparian wetland area.  The methodology was developed by a national interagency team and documented in a series of Technical References, TR 9 through 16 (Prichard et al., 1993 through 1999).  See the PFC user’s guides for more details on the PFC process http://www.or.blm.gov:80/nrst/pfc.htm


The process involves the following steps:


1.  Review existing documents--including maps, files and aerial photos.


2.  Analyze the PFC definition--assess riparian/wetland based on a riparian area’s capability and                        potential.


3.  Assess Functionality--through document and field review. The rating is based on team discussion.


4.  Institute the process--incorporate the information collected into a management plan.

The minimum national standards are achieved by using a standardized checklist. The PFC assessment, using the checklist, should work for most sites as long as the procedure is followed and definitions are understood.  This is because the PFC was founded from rigorous science and is performed in an interdisciplinary setting.

The lotic (stream/moving water) checklist contains 17 items, which were qualitatively assessed by the PFC Team.  The lentic (lake/wetland) checklist contains 20 items. The appropriate form was used by the IDT to assess riparian-wetland conditions. Items on the checklist relate to stream channel stability and/or wetland functionality, and receive “yes” or “no” answers.  In some cases, “not applicable” is used. The checklist and its summarization, which can be done quickly, are used to classify the health or state of physical processes of the riparian-wetland area or reach being studied into one of four categories:

· Functional – At Risk (FAR)

· Nonfunctional (NF)

· Proper Functioning Condition (PFC)

· Unknown

The preponderance of  “yes” and “no” responses help the ID Team determine the proper classification, however there is no set number of “yes” and “no” answers to determine which category a water body falls into. Team discussion is an important part of classification.

The significance of the classification categories are:

PFC:  The stream channel, floodplain, and/or wetland have the physical characteristics that provide stability through various frequency events. This resiliency allows an area to produce desired values such as fish and wildlife habitat over time. 

FAR: The stream or wetland is functioning but is lacking enough vegetation, soils or landform characteristics to withstand various frequency events without significantly damaging the riparian corridor. FAR is the only category that is further stratified by trend (up, down, not apparent).  A downward trend rating indicates deteriorating conditions that could become NF. Deteriorated conditions can be transmitted both up and downstream. Trends that are not apparent require further study. 

NF:  The stream or wetland is not stable because it lacks most of the stabilizing physical characteristics and may continue to deteriorate. The degraded area or reach cannot sustain long-term desired values and return to proper-functioning condition without intervention (change in management).

Unknown:  Sufficient information to make a rating is lacking. Additional study or data collection is necessary. 
The results of the PFC assessment will be analyzed and presented in a written report. The report will outline numbers of streams and wetlands in a particular category i.e., PFC, FAR, NF, or Unknown. 

Classification of reaches using the PFC method will help the local planning group establish a common vocabulary for discussing desired conditions in regard to key riparian-wetland landscape elements. The need, type, and location of more detailed inventories (upland methods as well as riparian-wetland corridor methods) can be prioritized once the PFC assessment classifications are known in preparation for developing restoration and management alternatives.

Appendix D
Restoration Opportunities
Half-mile Creek 

1. Reach HM1, Klawock—Hollis Highway Stream Crossing. 

Issue

· Streambed materials (gravel and LWD) have aggraded at the upstream portion of this road crossing.  The accumulation of materials has increased streambed elevation upstream. The result is shallow water and steep gradients for fish at lower flows.  Fish passage is difficult and the aggraded material is restricting flow volume in the culvert making it more susceptible to overtopping and road damage during high flow events (Photo 20).  Opportunities to improve passage may exist through the Federal Highway Administration and/or Alaska DOT mitigation programs.

Action

· [image: image9.jpg]


Remove and/or upgrade stream crossing. Remove stream bedload and LWD materials aggraded upstream of the crossing and place downstream of the crossing to construct an outlet control pool—additional larger material would be needed to supplement on-site materials.  This action would serve to create a pool that would extend through the culverts, thereby improving fish passage at all flows. 

Objectives
· Improve fish passage by increasing the size of the outlet pool, reducing stream flows and ‘jump height’.

· Reduce flow and gradient inside the culvert.

· Decrease chances of failure, flooding, and damage to road.  




      Klawock-Hollis road crossing at Half-mile Creek.  
 2.
Reach HM2, Half-mile Creek bedload manipulation.  

[image: image10.jpg]


Issue

· Reservoir is altering natural delivery of bedload downstream to anadromous fish reaches and Half-mile alluvial fan. 

Action *

· Seed creek downstream of dam with dredged materials that are periodically removed from behind the small impoundment.  
Objectives
· Improve fish and aquatic habitat.

City of Klawock municipal water supply 
Three-mile Creek Sub-basin 

1. Reach 3MT1,2,3,5, Main stem Three-mile Creek, Tributary 2. 

Issue

· The log culvert that crosses Tributary 2 is blocking fish passage. The spur road ends less than 100 feet beyond the log culvert. Approximately 300 feet of stream channel is inaccessible to anadromous and resident fish; an additional 600 feet of stream channel could be accessed by resident fish.  Logging debris currently covers 90 percent of the stream channel below the crossing (Photo 22). The logging slash has significantly altered natural stream channel composition, i.e., slowed stream velocity and trapped fine sediments. 

Action *

· Remove the log culvert on the spur road and remove excess logging debris from about 1,200 feet of stream.
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 Photo 22.  Tributary 2, lower Three-mile Creek, below road crossing.

Objective 
· Reconnect over 1,000 feet of resident habitat and 300 feet of anadromous habitat. 

· Reduce erosion and input of fine sediments from road fill around log culvert.

· Improve functionality of stream habitat, i.e., natural flow, sediment transport ability, habitat complexity, and primary production. 

* Klawock Heenya, Inc. removed the log culvert in 2000. 

2. Main stem Three-mile Creek, Tributary 7 and other crossings on “lower road” (parallels mid reach of main stem 3-mile).  

Issue

· Short section of road (1,000 feet) contains 4 small, l mid-size crossing (Tributary 7). Three of five crossings are suspected to be Class II and impassable. All crossings are negatively affecting downstream fish habitat and water quality, some actively eroding around the fill and disconnecting small floodplains.  The log stringer bridge abutments on Tributary 7 are in the floodplain, thus affecting stream and floodplain connectivity and constricting stream flow locally. The road and stream crossing structure have impaired the ability of the stream to access the adjacent floodplain. Some localized deposition of streambed materials is occurring below the bridge. 

Action

· Removal of 5 small stream crossings, a short section of road (75-100 feet) beyond tributary 7, and placement of LWD in tributary 7 around removed log stringer bridge. Also potential to add LWD and apply stream bank stabilization techniques in and around other removed crossings.

Objective 

· Increase and improve riparian habitat, reconnect streams with floodplains.

· Improve historic off channel aquatic habitat (Tributary 7).

3.   South Fork Three-mile Creek, Tributary 8 (Reach SF3). 

Issue

· The road crossing the South Fork is impeding resident fish passage to about 1,600 feet of high quality resident fish habitat.  Adjacent culverts are also not functioning and these culverts are diverting water out of their natural stream channels into others.  Water diversion is causing excessive erosion and increases the chances of the downstream culverts plugging and the stream overtopping the road.  Culverts blocked by debris, rocks, and/or sediment can cause significant damage to the road and/or the stream.  Recent flood flows (October, 1999) have caused the stream to overtop the road, causing erosion of the road prism (Photo 23).
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Photo  23.  Relief culvert plugged and subsequent stream crossing failure.  Photo 24.  Relief culvert failure.

Action

· Remove culverts and associated fills from the stream or replace culverts with properly sized culverts.  Perform culvert maintenance on adjacent crossings. 

Objective 

· Removal or enhancement of culverts to improve access of 1,600 feet of stream.  

· Improvement or removal of structures to decrease future management costs by reducing chances of losing the road.  

4.   Main stem Three-mile Creek, Upper Watershed Road System (Reach 3M7). 

Issue

· Several culverts are currently not functioning. These culverts are diverting water out of the natural stream channels into other channels. Water diversion is causing erosion and increases the chances of debris torrents in high gradient streams. Culverts blocked by debris, rocks, and or sediment can cause significant damage to the road and/or the stream. 

Action

· Clean culvert inlets or remove culverts entirely. Perform regular culvert maintenance. 

Objective 
·  Improve stream network drainage. 

· Reduce stream erosion.  

· Decrease future management costs by reducing chances of failures and road damage.  

· Maintain natural hillslope hydrology.

 5.  Thinning of riparian second-growth stands

Issue

· LWD is a hydrologic modifier and critical component of streams in the Three-mile Creek Sub-basin.  In many streams, LWD is lacking, or is anticipated to be lacking in the future, due to second growth stands adjacent to the streams. 
Action

· Mechanically thin second growth stands in riparian areas at the appropriate age (generally, between 15 and 35 years). Select for the most vigorous long-lived trees; larger diameter trees can be grown more quickly by thinning second-growth stands.

Objectives

· Improve channel stability and fish habitat.

· Improve forest health and vigor of trees to stabilize banks in riparian areas.

· Provide a source of LWD (to streams) more quickly than if left unmanaged.
 6.  Upper Three-mile Tributaries, North Side Road System (T6-T15). 

Issue

· Several culverts are currently not functioning or have blown out. These culverts are diverting water out of the natural stream channels into other channels.  Water diversion is causing erosion and increases the chances of debris torrents in high gradient streams. Culverts blocked by debris, rocks, and or sediment can cause significant damage to the road and/or the stream. Sediment debris piles from debris upslope landslides continue to leach fine sediments into fish streams at high flows. Road Condition Surveys will identify specific crossings and priority crossings. 
Action

· Clean culvert inlets or remove culverts entirely. Perform regular culvert maintenance. Excavate debris piles away from stream channels. Potential to add LWD in FAR and NF stream reaches.

Objective 
· Improve stream network drainage. 

· Reduce stream erosion and input of fine sediments.
· Improve resident fish habitat.
· Maintain natural hillslope hydrology.
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 Three-mile Creek, Trib 11, riparian harvest, little LWD present.
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Debris torrent on roadway Trib 11).
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		3-mile Creek Sub-basin

		Project Numb.		Sub-basin		Stream		Location		PFC ID		Sum Det.		Length / Area		Issue / Opportunity		Proposed Restoration Activity

		1**		3-mile		Trib 2		Lower 3-mile above confluence of mainstem		3MT1,2,3,5		NF		4-600' class I. 1600' class II		A spur road with log culvert in the creek is blocking fish passage		Remove a short section of spur road and log culvert. Remove logging debris, currently smothering the wetted channel.

		2		3-mile		Trib 7		Road XXX, floodplain road between T4-7		3MT7 and others		FAR U		0.5 mile road, 3000'  stream		Restore  / improve fish passage class I and II		Remove 5 small stream crossings, short section of road (75-100 ft.) beyond tributary 7, add LWD.

		3		3-mile		Trib 8		South Fork road crossing		SF3		NF		1600' habitat, 800' road		Fish passage, water diversion, ditchline erosion, culvert plugging and road washouts		Remove and/or replace non-functioning culverts.

		4		3-mile		NA		Upper mainstem		3M7		FAR D		3,000 ft road		Several culverts are plugged and causing water diversions.		Remove and/or replace culverts and put roads in storage

		5		3-mile		Several		Mainstem and tribs		Several, refer to Appendix C		Various		Approx. 25  Acres		Inadequate riparian buffers		Riparian Thinning, promote growth of large riparian trees.

		**Partially completed by Klawock Heenya Inc. in 2001.
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