1.1 Soil and Hydrology

1.1.1 Affected Environment
1.1.1.1 Regulatory Framework

Management direction is from the PNF LRMP (USDA8P&s amended by
Herger-Feinstein Quincy Library Group (HFQLG) Figalpplemental
Environmental Impact Statement (FSEIS) and RecbRkaision (ROD) (USDA
1999a, 1999b, 2003b, 2003c), and the Sierra Nelvadsst Plan Amendment
(SNFPA) FSEIS and ROD (USDA 2004a, 2004b). Thimmgea management
direction in the PNF LRMP and directs the Foresadbere to these guidelines in
the following resource area:

1.1.1.1.1 Riparian Habitat Conservation Areas (RHCA s)

Apply Scientific Analysis Team (SAT) guidelineshdse include the following
interim widths for these types of RHCAs: 300 fgegrénnial fish bearing streams
and lakes; 150 feet (perennial non-fish bearinggsirs, ponds, wetlands greater
than 1 acre, and lakes); 100 feet (intermittenteguitemeral streams, wetlands
less than 1 acre, and landslides).

Other features in RHCA determinations include: ®bmpner gorge, 100-year
floodplain, outer edge of riparian vegetation, alistance equal to one or two tree
heights (depending on stream type).

1.1.1.1.2 Soil Standards

The soil standards and guidelines presented iRife LRMP, as amended by the
FSEISs and RODs for the Herger-Feinstein QuincydrypGroup and the Sierra
Nevada Forest Plan Amendment, provide the relemalgtantive standards for
Forest activities to comply with the National Fdreanagement Act. The
guantitative PNF LRMP standards and guidelinesHfermaintenance and
improvement of soil resources are:

Determine adequate ground cover for disturbed sil¢side of streamside
management zones during project planning on alogs@se basis, based on
specialist evaluation, using the following tableaaguide (a table relating
suggested minimum effective ground cover to erobemard rating is presented
on page 4-44 of the PNF LRMP).

To avoid land base productivity loss due to sorhpaction, dedicate no more
than 15% of timber stands to landings and permasigdttrails.

Determine retention levels of down woody materialbo individual project basis.
Suggested retention levels in the SNFPA ROD ar&5Ltbns of large down wood
per acre for westside vegetation types and 3 ldogen logs per acre for eastside
vegetation types.



The regional soil quality analysis standards presem FSH 2509.18 of the
Forest Service Handbook are not a set of mandatangdards or requirements.
Those analysis standards are a set of threshaléwv#hat indicate when changes
in soil properties and soil conditions would potalhy result in significant
impairment of the soil productivity potential. Thage intended to be used during
analysis or evaluation of soil condition. Among theesholds specific to soll
productivity are:

= Use of Erosion Hazard Rating (EHR) to determinesesary soil cover to prevent
accelerated erosion.

» Retaining at least 50 percent cover in an actimrba of fine organics (less than 3
inches in diameter).

= Retain a minimum amount of large woody debris regglito maintain microbial
habitat and soil moisture for long term productivithe amount depends on local
ecological type and should be determined by thegtor

= Retention of at least 90 percent of soil porosiiyrfd under natural conditions,
determined by sampling of activity areas.

= Determine extent of detrimental soil disturbancs #ffects soil hydrologic
function by using Region 5 Cumulative Watersheck&f Analysis, EHR, or
Water Erosion Prediction Project (WEPP).

1.1.1.2 Methods

Proposed ground harvest units were surveyed in idbee, 2007. Selected units were
evaluated using Forest protocol for assessingesaitiition and hydrology function.
Literature reviews, field notes, Forest monitorregorts, Geographical Information
System (GIS) data, and professional judgment wseed to support report conclusions.
Burn Area Emergency Response (BAER) reports fordlgdy and soils were primary
sources of information on current conditions. Gitlesit the vast bulk of the project
treatment is within the Moonlight Fire perimetenjess otherwise noted references to
BAER reports are to the Moonlight Fire BAER. Saihgey data, survey protocol, and
field notes are in the project record. Erosion frgmound disturbed by proposed activities
was modeled using the Forest Service interfacéhimkVater Erosion Prediction Program
(WEPP) and the USFS Region 5 soil erosion moddatiRe runoff was evaluated using
the R5 Equivalent Roaded Acre (ERA) method.

The WEPP modules, Erosion Risk Management Tool (HREihd Disturbed WEPP
provide estimates of soil erosion on basis of ae atslope using variables for climate,
soil texture, slope distance, and groundcoverdhatverage conditions for treated
ground. The ERMIT module was used to charactetmersintensity and runoff with
erosion. Disturbed WEPP was used to investigata@rgotential according hillslope
attributes. Accuracy is highly variable, +/- 50 gant for Disturbed WEPP hillslopes,
though improves when averaging erosion across adtacea (Larson and MacDonald
2006; Spigel and Robichaud 2007).



Cumulative impacts are addressed using the ERAadetbgy outlined in the Forest
Service Region 5 Water and Soil Conservation Haoki§h990). The soils analysis uses
the timber harvest units as the reference for effdeterminations. Long term
productivity is assured if at least 85 percentheftimber unit area has soil indicators not
in a detrimental condition. Soils cumulative efeeate considered using the ERA
analysis detailed in the hydrology section. Anaysbundaries are watersheds used for
ERA method and are presented in Figure 4. The glag¢es delineated for analysis
encompass that portion of the Moonlight Fire andefope Complex perimeter within
which actions are proposed and/or cumulative effettire and past harvest with the
proposed action are significant. Tih@se GIS layer used to create the project level
watersheds was the CalWater 2.2.1 GIS layer frarsthte of California. The base layer
was selected over the PNF corporate layer for gasons; it is more up to date and it
contains the watershed numbering system that the@Ra& Water Quality boards use
(common language).

CalWater 2.2.1 GIS layer was modified to createdsudions (the project analysis
watersheds) based on R5 ERA protocols (watershadsally are to be between
2000 and 6000 acres). The analysis area includaplete drainage for all
proposed treatment units. Total acreage for théysisssub watersheds is 87,240.

1.1.1.3 Project Design Features

Design features are used to comply with the PNF PR amended by the Sierra
Nevada Framework. A further standard level of prtodm is provided from use of
applicable Best Management Practices. Project ddsajures are:

= Ground-based equipment would be restricted to sltgss than 35 percent except
on decomposed granitic soils where equipment wbaldestricted to slopes less
than 25 percent.

= Subsoiling to 18 inches minimum depth of temporaads and landings within
same year as harvest.

= In ground based logging units, trees greater taiméhes dbh would be topped
and limbed with tops and limbs lopped and scatteweddepth of less than 18
inches. In skyline and helicopter units, limbs &gk would be lopped and
scattered to a depth of less than 18 inches.

= For alternatives A and C, generally retain an ayema 5 to 15 tons of down
woody material per acre. Emphasize retention ofddbat is in the earliest stages
of decay. For alternative D, retain 10 to 20 tohkuge down wood per acre over
the treatment unit.

The following equipment restriction zones wouldds¢ablished for ground-based
logging in RHCAs based on stream type and slopsscla

Table 1. RHCA equipment restrictions
Stream Type Slope Class
0-15% |15%—25%| Greater Than
(feet) (feet) 25%
Perennial 100 150 No mechanical
Intermittent 50 100 No mechanical




Stream Type Slope Class

0-15% |15%—25%| Greater Than
(feet) (feet) 25%

Ephemeral 25 50/ No mechanicgal

Meadows and
Wetlands 25 50 | No mechanical

Extend the equipment restriction zones to 25 fegbhd the outer or upslope
extent of the “green line” (actual or potentialentt of riparian vegetation) or the
inner channel slope break, where these featurgsrasent and these widths
would exceed the above-listed widths. Also, exclegeipment from unstable
slopes (landslide-prone areas or unstable minai$)asutside the riparian
equipment restriction zones.

The following project design elements are to furéresure compliance with PNF
LRMP and Sierra Nevada Framework and address aomdeat arose during the
analysis process:

= Tractor limitations listed above in design featuapply to excavators and
fellerbuncher harvesters in addition to skidders fmnwarders.

= Harvesting and removal of products within equipnrestriction zones would
require direction felling and end-lining.

= Allow low ground pressure equipment to travel itite outer RHCA (outside of
the equipment restriction zone) to retrieve hartests and bring them to skid
trails.

= Locate skid trails at angles acute or perpendidolatream channels to minimize
erosion into the channel and allow skidders torethiee outer RHCA on these skid
trails.

= Space trails at no less than 50 feet. Though lagacing is typically
recommended, the 50 foot spacing may actually rediidrail harvest traffic.

= To minimize soil displacement, no equipment wougdoermitted to turn around
while off a skid trail in RHCAs.

= Limit tractor operation to either dry season ozé&n/snow covered soils to lessen
compaction risk. Though most landforms are wellrdrd and rocky sloped, the
riparian bottoms have high wet soil and thus coripacisk.

1.1.1.4 Monitoring

The PNF LRMP sets out objectives and protocolsrfonitoring of plan
standards and guidelines, BMP compliance and efegetss, and soil
productivity parameters. Random sampling of projetts will be performed as
part of the Forest's annual monitoring for BMP ieplentation and effectiveness.
For analysis watersheds that exceed the ERA thigsificoncern and that have
project activity, forensic monitoring shall be pmrhed annually as required by
the CA Regional Water Quality Control Board, Cehtaley Region Resolution
#R-5-2005-0052, “Conditional Waiver of Waste DisgfeaRequirements for
Discharges Related to Timber Harvest ActivitieshisSTmonitoring requires at
least two inspections over the first winter afterlter operations to monitor the
condition of erosion control measures and to aacevhether sediment



discharges have resulted from failed managemensumesor general timber
harvest activities. At least two inspections aguieed after November 15, both
occurring within 12 hours following a 24-hour stoewvent of at least 2 inches,
with one inspection occurring after the precipdatseason has produced a total
of 5 inches of precipitation and another inspecéfiar a total of 15 inches has
been produced. Additional photo-point monitoringaquired if a noticeable
significant discharge of sediment is observed gtteme in any Class | or Class Il
watercourse.

In-channel monitoring following Stream Conditiorvémtory (SCI) protocols (USDA
Forest Service, 2002) provides a second tier ofuatan, the first being monitoring
of BMP compliance and effectiveness described abbie purpose of SCI
monitoring of beneficial uses is to determine wieetBMPs collectively are effective
in protecting water quality at the watershed sc&#ectiveness will be assessed by
monitoring trends in channel characteristics tlfi@cabeneficial uses. Two SCI sites
would be located, one below a treated (salvagev@g@rshed and one below a
burned but untreated watershed. Sites will becsslieon basis of similar valley
segment and stream reach characteristics.

1.1.1.5 Climate

The analysis area ranges from 3,600 feet to 7,860ih elevation. Annual precipitation
occurs mostly between the months of October and, Bll#yough late summer
thunderstorms can produce localized high rainfaénsities. Total annual precipitation
varies from about 40 inches in the western sidd@fproject to 24 inches on the east.
The winter snow line occurs in late December al@h@0 feet. Generally from the end of
October to mid/late-November most storms occuaas Below 6,500 feet elevation
precipitation may occur as rain or snow (Faust 2007

1.1.1.6 Geology

The project area is underlain by various rock typ@s are in the main (71 percent of the
total area) Cretaceous granitics, and Jurassic-nadtanics and meta-sedimentaries.
Most of the remainder of the area (23 percent eftd¢ital) is tertiary volcanics that are
pyroclastic andesites and rhyolites. Some 6 perfkthie total area is sedimentary, either
tertiary or younger gravel deposits, including geiferous river channel deposits of the
Eocene or Pliocene/Pleistocene, and PleistoceHeltecene slump debris (Wopat 2007).

1.1.1.7 Watershed Sensitivity

Project area watersheds are rated as moderatelyigemy Forest staff when
evaluated for use of the ERA method. Rating vaesilohclude erosion potential,
slope steepness, amount of alluvial channelsofis&in-on-snow and/or
thunderstorm events, and re-vegetation potentsihdlthese ratings, a Threshold
of Concern (TOC) value is assigned for each waégtsh order to assess risk
from proposed activities. The project watersheds&hmaoderate risk ratings of 12
through 14 percent ERA. Most of the project aretevgheds are above TOC
because of wildfire effects, recent salvage remongbrivate lands, and past
management on Forest lands.



1.1.1.8 Beneficial Uses

Existing beneficial uses of surface waters in ttgget area are found in the
Central Valley Region Water Quality Control Plaral(i@®rnia Central Valley
Regional Water Quality Control Board 2007). Thejgcbarea drains to the North
Fork Feather River. The North Fork Feather watetsimanprises 55% of the
approximately 2.2 million acre basin that feedsé_@koville, the primary
reservoir for the California State Water ProjectisEng beneficial uses include
municipal and domestic supply, hydropower genenatiecreation, freshwater
habitat, habitat suitable for fish reproduction @adly development, and wildlife
habitat. Specific uses of water in the vicinitytloé fire are irrigation (Indian
Valley and North Arm of Indian Valley), cold watisheries (Management
Indicator Species Report, Chris Collins and Krigtifan Stone Hopkins, May
2008), and Antelope Lake reservoir for storage, estin supply, and recreation
(Faust 2007). There are, however, no specific mani data of these water
bodies to support any conclusions regarding compdavith state regulatory
criteria on beneficial uses.

On May 5, 2009, following heavy rainfall in the prot area (1.9 inches 5/1/09-
05/04/09 at Greenville weather station; CaliforDegpartment of Water Resources
website: http://cdec.water.ca.gov/cgi-progs/staieti@ion_id=TAY), technicians
from Feather River Coordinated Resource Manage(uepublished data, 2009)
took grab samples of flow in Indian and Lights Greelndian Valley below the
project area. Values of Nephelometric Turbidity tdr{NTU), were 222 and 98
for Lights and Indian Creek, respectively. SpedNiTU values for North Fork
Feather River tributaries are not provided in stediger quality standards
(California Central Valley Regional Water Qualitp@rol Board 2007), but
general guidelines for natural waters given suggaistes for Lights Creek, for
example, are 2-30 times above thresholds for titgbalie to controllable factors.

1.1.1.9 Stream Channel Conditions

There are 790 miles of channel in the project aredyding 604 miles of ephemeral, 80
miles of intermittent, and 106 miles of perenniad@ding to Forest GIS records. The
fact that listed perennial miles are greater tima@rmittent probably points more to the
difficulties in determining flow regime than in aetlity.

About 27 miles of channel, mostly ephemeral anerinittent in nature, have been
surveyed previously by Forest staff for indicatafrflow regime and function, such as
bank stability and amounts of large woody debrM/[2). Most of the survey reaches are
in Pierce and Upper Indian creeks drainages wititomamounts in Cold Stream, Middle
Lights Middle Creek, Moonlight, and Moonlight Vaji¢Forest GIS records). About 6
percent of the total surveyed reaches or 1.6 rhielsprevalent or extensive bank
instability, primarily in Upper Indian Creek, anbirest entirely within ephemeral and
intermittent channels. About 1.4 miles of chana#lintermittent or ephemeral in nature
were listed in the survey as having poor, inadegjaatounts of LWD in terms of habitat
structure. All these reaches were in Middle and&sppdian creek drainages.

Moonlight Creek received an overall condition rgtof good. Both the percentage of
sediment in pool tails and the percentage of utestadnks were low, and these were also
rated as good. Shade was also rated as good, evithtions of 96 percent. Hungry Creek



was rated as good overall, with both shade andiblesbanks rating as good. Sediment
in pool tails however, was more than 15 percerd,rated as poor. Pierce Creek at
Wheeler Sheep Camp and Boulder Creek at Halletdblgaated at moderate to poor.
Sediment in pool tail fines was high in both reaghvehich rated at very poor and poor,
respectively. Historic grazing activity has occdrezound both reaches, and has
contributed to bank instability.

Fire likely burned out the LWD in most channelsttigalarly first and second order
streams. Sediment previously stored by LWD mayeeased, as well as new deliveries
of sediment including ash may be freer to transgovwnstream (Faust 2007). In the
larger channels LWD was only partially consumedirigd trees on the banks have fallen
into streams creating flow deflector that will diverater into stream banks creating more
erosion as well as destabilizing the banks thenssglRosel et al. 2007). Observation
during field visits for this report was that thas@aches within meadow areas were
relatively untouched, and the burn was light onrtteadow floodplain. Reaches in
gorges such as lower Lights Creek with large aoéasit cropping were also only lightly
burned. Amounts of LWD in RHCASs in tons per acre mreasurement indicator for
stream morphology and aquatic habitat.

Mining in or near the streambeds of Cooks, Mooriliggights, and Indian Creeks has
disturbed riparian areas and channels creatingsteepened and unstable stream banks.

There is a confluence of many streams to form tharstem of Lights Creek: West
Branch Lights Creek, upper Lights Creek, Bear \falleeek, Morton Creek, Smith
Creek, Fant Creek and East Branch Lights Creek.chihanels in this area are broad and
mobile with cobble/boulder dominate beds. Chanapidope of the confluence are steep
with unstable banks. Prominent terraces have dpedlalong Morton Creek
immediately upstream of its confluence with Eastri@h Lights Creek. These features
indicate that accelerated post-fire erosion anthseatation is likely to increase channel
instability and bank erosion in this area. The n@nannel of Lights Creek is likewise
unstable with high sediment loading and a braiddabke-dominated channel for
approximately one mile downstream of the confluesmea. Abundant mine tailings and
debris are present on the banks and in the cha@heahnel form and instability, as well
as large bed particles may be the result as waeth & very wide range of annual peak
flows in area streams (USGS records, http://watardsgs.gov/nwis/sw). The tributary
channels of Upper Lights Creek watersheds by cehtne steep and dominated by
cobbles and boulders and appear to be stable.ddtieti and mulching treatments were
proposed in the hydrology report for the Moonli§irte BAER to moderate the expected
increase in sediment delivery to the streams (F206T).

The Willow Creek channel and its tributary chanregdpear to be stable, armored as they
are by large substrate or vegetation. Similarlg,tiain channel and tributaries of Pierce
Creek, and Indian Creek are composed mostly oflest#nd boulders and appear stable.
The channels of Moonlight Creek and its tributanese fairly stable, though some areas
of Moonlight Valley appear degraded. Middle Liglkiseek is dominated by placer

mining activity and the channels are degraded taitidg piles cover banks and
floodplains (Faust 2007).



1.1.1.10 Soil condition

The defining soil characteristic is the currentaition after the fire. Much of the burned
area has sparse groundcover and LWD. The BAER feand that the Moonlight and
Antelope Complex fires burned mostly at moderatkf@gh burn severity (Rosel et al
2007). The sparse "moonscape" conditions togetltarhighly erodible soils, in
particular the granitics, create a high hazards@kerosion. The worst area is at the
confluence of Middle Lights Creek with several loweder watersheds, including East
Branch Lights Creek, Smith Creek-Fant Creek, Mo@oeek, and West Branch Lights
Creek. These areas have large contiguous areaghofihd very high burn severity on
highly erodible soils. In addition, the burned ahea a high probability for a rain on
snow event that would trigger flooding. The imptioa for soil productivity would be
soil losses from debris flows and mudflows. Thotlyggse mass wasting events are not
documented for the project area, at least somé ddvisk stems from a post burn
environment where substantial storm events coutdro&rosion risk will be sustained
for at least 2 years after the fire while hill sdgprevegetate, then reduce quickly during
years 3 through 5 (Rosel et al. 2007).

The project area soils have moderate productivitl @ample moisture of 24 to 40 inches
annual precipitation. Soils are differentiated loase geology. Soils on granitics are thin,
have sandy loam textures and marginal productiVitye granitics are classically infertile
with risk to erosion from sheetwash and dry raltgahan 1992), though resistant to
compaction because of a lack of clay (Gomez &0f)2). These soils are textbook
examples of decomposed granite "DG" soils with egiely drained conditions. Figure
1 shows the proximity of these granitic soils onahlroughly a third of the proposed
units occur.

Another indicator of productivity is potential woedlume mapped as the forest survey
site class (FSSC). Forest survey site class (F&S€neasure of site productivity in
cubic feet of wood per acre per year. Site classtie most productive, while FSSC 7 is
the least. Site class 7 lands are considered nmhiptive, and occur largely along ridge
tops and steep rocky slopes. Both site class Hdadds are interpreted as having low
productivity (USDA Forest Service 1999). Using timdicator, the project area has low
potential for wood volume with mostly site clasSesnd 6 classes mapped.

All other project soils developed in either metaptoc rocks or volcanic parent material.
These soils are very rocky, with very gravelly losoil textures. Drainage is less than the
granitics though appreciable. Productivity is higiveh moderate soil development.
Erosion risk is reduced from the high amounts ofe2e rock that break up erosive
overland flows. Toe slopes and old landslide fesgtwvill have deeper soils with higher
clay content.

Burn severity for the Moonlight and Antelope Comgpfiees perimeter was 38 percent
high severity, 37 percent moderate, 18 percentdoa7 percent unburned (Rosel et al.
2007). Ground observations of the high burn seyargas found soils still have good
structure and intact fine roots, but soil cover aadopy was completely consumed. In
limited areas hydrophobicity was found at 2 to éhies depth. Degraded root structure
was also found in the top soil (Rosel et al. 2007).

Fire severity directly relates to burn residenaydiand is tied to the amount and
condition of cover, depth of hydrophobic conditidhat can interfere with soil drainage,



and changes to soil structure and overall hydralégnction. In contrast, fire intensity
translates to vegetation canopy burned. Not alh m¢ensity burns typical of crown fires
burn with high severity since flames sweep acrbeddrest without downward radiant
heating (Hartford and Fransden 1992). High sevéuity:s can be long-term impairments
to productivity from the excessive heating elimingtall surface organics and burning
vegetative seed source in the upper horizons (DeBtal. 1998). The bared soil is
subject to erosion, though this is site specifid particularly tied to the risk for high
intensity rainfall (Spigel and Robichaud 2007).

The high severity conditions observed by the BAE& are due to the complete
removal of vegetation cover. Hydrophobic layersyatdveloped on metamorphic and
volcanic soils and were from 2 to 6 inches deepséRet al. 2007). However,
hydrophobicity is a temporary condition lastingp12tyears (Shakesby et al. 2000) and
not a substantial issue for soil drainage, espgaal the prominently rocky metamorphic
soils that are more robust to erosion. The exteEhydrophobic soils was estimated to be
797 acres on the 64,991 acre Moonlight Fire (leas %) and 7% of the Antelope
Complex.

Recovery potential depends on erosion after waddis groundcover re-establishes with
vegetation growth. Erosion risk reduces dramaiicadl groundcover returns, estimated at
3 to 5 years from the Moonlight BAER report (Roseél. 2007). Two complicating
factors are limited natural regrowth within thelhggverity burned areas and the high
chance for flooding events, mainly rain on snowgseluring January and February
(Hydrology section below). Though rainfall interysis a primary driver for erosion,
especially in a burned area landscape (Spigel acRaud 2006), the saturated
conditions are likely to produce shallow surfacevermaent of soil from extreme rain on
snow events. Also, delayed regrowth in adjacemddiareas was observed (Rosel et al.
2007).

Modeling soil erosion on high severity slopes foamdaverage of 46 tons/acre following
the wildfire compared to natural rates of 1-2 tans (Rosel et al. 2007). Modeling used
Water Erosion Project (ERMIT) to estimate soil @agIbid). Generally, WEPP
modeling has +/-50 percent accuracy.

Given the setting for heightened erosion risk atterfire, erosion risk was mapped to
illustrate the most problematic areas. Mapping ueecdERA model and followed the
logic of the Moonlight BAER team post fire assessth{®osel et al. 2007). The model
uses soil survey information together with climaiepe metrics, and groundcover data.
Figure 2 gives a general overview of the erosiek im relation to the proposed harvest
units. Table 2 shows the split of erosion risk withroposed units. Erosion risk is
greatest on the steep sloped areas that had highsbuerity; most notably on granitic
soils. Other soils that are mapped as very highesosion risk include Rock Outcrop-
Deadwood-Clallam families complex with 70-100 petcgopes and the Wapi-Chaix
families complex with 50-85 percent slopes (redhaiia Figure 2 outside granitic soils).
Risk may be overstated in these areas since thexse ©cky slopes do not have as much
sediment available to lose.
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Figure 2. Granitic soils within the project area.



Table 2. Erosion risk across the project units for the Moonight and Wheeler
Fires project treatment units using the Erosion Haard Rating System. Values
shown are acres.

Erosion Hazard Rating
Alternative Low Moderate High Very High
A 558 5878 6749 1758
C 515 5019 2737 264
D 515 3306 1754 169
E 508 2455 1265 157

Despite the high risk for erosion as indicatedhmy/mapping, signs of erosion
during the fall 2007 reconnaissance for this repante very rare. Overt signs of
either overland flow or rilling was observed in yemall portions (<<1 percent in
extent of unit area) in 3 units (8, 67 and 76b)hef 30 units surveyed for soil
disturbance in November, 2007. The lack of obsegrredion is likely because of
the well drained soils that limit erosive overlamdter flow.

The 2007-2008 precipitation season was well belomnal and no significant
rain-on-snow events occurred over that winterlé.iotr no overland erosion was
expected to have occurred within the burned areaause winter and spring
runoff was dominated by slow, steady snowmelt théiinot have much erosive
power. This expectation was verified on a limitedls by a two-day monitoring
reconnaissance in June 2008 of BAER treatmentsaas proposed for further
treatment within the Moonlight Fire, performed lyef R5 hydrologists and soil
scientists. Of the half dozen sites without treatnwsited, all within DG soils,
none exhibited evidence of accelerated surfacearaser the winter (Hoffman
2008).

Current conditions in respect to soil managemeitagice are listed below.
Mandatory soil quality standards and guidelinespsozided from the amended
PNF LRMP. The regional soil quality analysis staddagprovide threshold values
for analyzing or evaluating soil condition. Soilajty indicators that are near or
above threshold conditions include effective soitar, soil compaction, and
down woody material, based on the November, 20£d fiisit. Observations and
summaries are listed below.

1.1.1.10.1Effective soil cover

As stated above, soil cover was removed from théfwwe and ranged from 0 to 60
percent for the surveyed units (Table 3). Moshefunits in high burn severity areas
have sparse groundcover. Only one unit, unit 18,ateequate amounts of ground cover.
Ground cover was provided mostly by rock fragmenésater than 3 inches on the
intermediate axis, with minor amounts of basal vafyen. PNF LRMP standards and
guidelines direct that adequate ground cover fetudoed sites is to be determined for
each Plumas NF project on a case-by-case basi?NRd.RMP offers suggested guides
for effective ground cover that vary by the sod®on hazard rating (EHR). Effective
ground cover should be maintained at 60 percergdids with a high EHR, and 50



percent for soils with a moderate EHR. Given tfapércent of the treatment area soils
have EHR of high or very high (Table 2), effectgreund cover should be considered no
less than 60 percent in all units. Those units @rtsund cover 20 percent were
underlain by Jurassic metamorphic and Tertiaryamilcrocks, which are more resistant
to mechanical weathering than the granites, hagblaxtents of outcrops, and are stony.
The remaining units in question were mostly in &cebus granites which weather
relatively quickly into sandy textured, highly eiblé soils. Effective ground cover
overall in the project is well below the suggesgedielines virtually throughout the
project area and will remain so until basal vegetatan re-establish within 3 to 5 years.
The PNF ground cover standard for this projeabistilize project materials, such as
scattered top and limb slash material, to improustiag ground cover where possible
until basal vegetation can be re-established.

1.1.1.10.2Soil compaction

Residual harvest accounts for 6679 acres withirpteéerred alternative, whereby
roughly half is slated for tractor based harveBlER.RMP soil standards state that, to
avoid land base productivity loss due to soil coatipa, no more than 15 percent of a
timber stand is to be dedicated to landings anchpeent skid trails. Permanent skid
trails and landings are not dedicated within theppsed project area. Region 5 soil
analysis standards have a threshold in soil pgrostuction of 10 percent, at which
point it is assumed detrimental compaction may gdaut this guideline does not in itself
consider extent of compaction. A threshold of 1&ceet extent of detrimental effects to
soil productivity, over an activity area, is recoemded. Table 3 shows that of the field
reconnaissance proposed units, of which roughliylteal signs of past harvest, no
indication of past harvest impacts exceeding tholestor detrimental disturbance were
found. The area of detrimentally compacted grounohél during the survey was almost
exclusively skid trails and landings, although albtskids and landings were deemed
detrimentally compacted. The lack of residual haredfects was surprising given the
level of past harvest activities within the planfiied area.

1.1.1.10.3Down woody material

The PNF LRMP as amended states that down woodyrialatetention should be
determined on individual project basis. For thigjgct, retention levels for down woody
material (where available) will be 5-10 tons pereaaf large woody debris greater than 3
inches in diameter and a minimum of 3 logs gredd@n 12 inches diameter per acre.
Regional soil analysis standards suggest thattfspeific guidelines be according to
local ecological type. The forest type in the aseyarea is east side or within the
transition zone from west side vegetation typeatst side, favoring the east side
(Tompkins and Moghaddas 2008). Recommended leveksaist side vegetation types
should be an average of 3 large down logs peraommimum of 12 inches diameter at
mid point (USDA 2004a, page 69). The average nurabkrge down logs per acre in
the surveyed treatment units as might be expectedvery low (Table 3). LWD in units
of tons per acre are a measurement indicator fbpsmluctivity. Recommended
numbers and diameter of down logs works out to alhdan per acre for ponderosa pine
and Douglas fir types, using conversion factorsitbun Brown et al. (2003).



In fire salvage and green timber harvest areashmttention has focused on large
woody debris as a viable indicator for ensurind gaductivity (Harvey et al. 1989;
Graham et al. 1994). The coarse wood debris creatassites that moderates soil
moisture, temperature and biota. Graham et al. A18ommends retention of 5-10 tons
per acre of LWD (defined as greater than 3 incheiameter) on dry ponderosa pine
types (Brown et al. 2003). Given the proportiorired burn within the project area that is
very high and high severity, it is likely that cemnt down CWM is below desired
amounts.

Decaying material needed to support organisms et nutrients to the soil will be
formed as standing dead trees fall in the projesd and come into contact with the
ground. As the downed wood decays, the old logsrbecsites for biological activity
with mineral nutrients and higher moisture. Theoextd endomycorrhizae that take
advantage of downed wood as substrate are impdaanegetation including shrub,
forb, and grass species. The moisture contentjoiraalg soils will also remain at
elevated levels and provide areas of acceleratgetatve recoveryBurned logs that
where charred may not function readily as nutrganis per se, though the charcoal
can moderate mineral nitrogen abundance in thetermg by alleviating inhibitory
compounds that interfere with nitrification (DeLueial. 2006).

1.1.1.11 Fine organic matter

The Region 5 guidance provides a threshold foraserfine organic matter,
recommending retention of 50 percent cover intath@s. Organic cover helps maintain
site fertility and prevent soil loss from erosiine organic matter consists of plant litter,
duff, and woody material less than three incheiameter. None of the units surveyed
had any appreciable fine organics. There were fitgni areas in many units with a thin
ash layer, on order of a few millimeters thickngdthough in some cases patrtially
burned litter and duff existed, ash, when driedy mat present a sufficient buffer to
rainfall and was not counted as effective cover.

Table 3. Results of disturbance survey
Unit # Soil Cover % Detrimental Down Logs Canopy Cover
Compaction % per Acre %
11 28 0 <<1* 21
5a, 55b° 16 0 <1 15
15 60 5 <<1 19
16 38 0 ~1 23
113c 50 0 <<1 20
113e 40 0 <1 11
22 25 5 ~1 20
24 20 0 ~1 6
26, 26f 12 6 ~2 4
28 10 7 <1 13
26i 45 5 <1 24
31, 31c 5 <1 26
38a 0 <<1 3
76b 25 3 <1 11




Unit # Soil Cover % Detrimental Down Logs Canopy Cover
Compaction % per Acre %
52 5 0 <<1 8
54,134 20 0 <1 28
59, 59b 0 0 <<1 9
96, 61a, 61b 5 0 <1 14
8 3 0 <1 21
79b, 92a 10 0 <<1 19
67 20 0 <<1 14
69 5 5 <<1 49

*--no downed wood within sample transects.

1.1.2 Environmental Consequences
1.1.2.1 Alternative A (Proposed Action), C, D, and E

Alternative C is inclusive of all tractor harvestproposed Alternative A. It also retains
92% of the temporary road construction (12 of 1Bs)i It drops from Alternative A the

helicopter and skyline cable logging, as well asribed to construct 11 helicopter

landings.

Alternative D is inclusive of the roadside hazaektremoval and 31% of the tractor
harvest, those units or sub-units of tractor harwésch essentially requires no
temporary road construction. Only 3 miles of tengppiroads are proposed with

Alternative D. As with Alternative C, D drops thelitopter and skyline cable units.

Alternative E is inclusive of the roadside hazaegtremoval component of Alternative
A. No temporary roads or landings are proposed thighalternative. Amount of harvest
in RHCA is not substantially different than the etlalternatives (Table 36). This simply
points up that most of the RHCA harvest entriesadoag already existing forest roads.

Table 4. Comparison of actions in project alternatives.
Type Action* Alternatives

A B C D E
Temp Road* 19 0 18 3 0
Ground-based 8,536 0 8,536 5,656 4,389
Harvest
Skyline Harvest 872 0 0 0 0
Helicopter Harvest 5,347 0 0 0 0
Roadside Hazard 4,389 0 4,389 4,389 4,389
Reforestation 16,006 0 9,306 16,006 16,006
Snags Retention 1,060 0 580 174 0

*--temporary road values are miles, all others are acres.



These reductions in project activities in Altermas C, D and E, from Alternative
A, do not alter substantially the condition for asfythe analyzed watersheds
(Table 11). The amount of harvest within RHCARAliernatives C, D and E are
similar and not substantively different from Altative A, considering the much
larger disturbance impacts of ground-base harvestoas.

The wildfire left the landscape in a very risky ddron for flooding and slope
erosion within the next two to three years as dapgegetate. The effects of the
action alternatives are difficult to measure coregdo the larger issue of
recovery after the wildfire. The main effect wik ldelayed recovery for 1 to 3
years from soil disturbance associated with traganding activities. Long-term
effects to soil productivity are less certain, jgatarly on the 8536 acres where
biomass removal is planned. Granitic soils arentlst at risk for long term
impairments to productivity because they are reddyiinfertile. There are 2425
acres of biomass removal planned on granitic sNitspiling or burning of slash
or biomass will occur in the tractor harvest units.

Reforestation activities, while beneficial for tiertrecruitment, will not alleviate
the disturbance hazard of tractor harvest actaifidne highest risk is in the
Lights Creek valley. Soils on the main stem streaath major contributing
streams are naturally highly erodible and were pmadately burned at a high
severity.

The confluence of similar third order watershedthattop of the Middle Lights
Creek project watershed creates in itself a hergddeisk for flooding on and
downstream of this watershed. An aggravating cistance is the heavy logging
on Sierra Pacific lands in the headwaters of Upygnts, West and East Branch
Lights, and Smith Creeks, the principle contribattur Lights Creek. Altogether
these factors create a "perfect storm" conditiorflémding during the occurrence
of a warm southwester in mid winter that bringsvyeains and warm winds on a
thick blanket of snow.

1.1.2.1.1 Direct and Indirect Effects
1.1.2.1.1.1Soil Erosion and Detrimental Disturbanc e

Current predicted rates of erosion are well abatenal erosion rates of between 1 and 2
tons/acre. Erosion is upwards of 30 tons/acreiteeyfear following fire, dropping to 5
tons/acre within 5 years. (Rosel et al. 2007). iffygact of all action alternatives would
not be higher than that of the wildfire, though Hadvage activities would prolong natural
recovery from 2 to 5 years on ground disturbed doyést activities. The steep slopes,
though more erosive, would return to rates simoawildfire within two years. These
steep slopes would be unaffected under alternaGyésand E., The shallow slopes
where ground-based systems are used would returattioal fire recovery within 3-5
years. Slope restrictions for ground based hamvwedér 25 percent slope, which include
areas within granitic soils, RHCA, and roadsideandzemoval, would variously lower
erosion potential for all action alternatives. Brnce in erosion potential from steep
(>25%) and shallow slopes is illustrated in fig@rbelow. The graph for skyline and
tractor harvest shows that harvest technique ity gaars after a fire is not as significant
as the burned condition itself.



Detrimental disturbances within helicopter yardireatment units are incidental to hand
falling of trees and insignificant in extent.

Use of heavy equipment in ground base units fénteand yarding will compact and
displace topsoil, particularly along principle tsaand landings. The degree of soil
compaction depends on the number of passes by legavyment, and also the texture of
soil (Powers 2002). Coarser, sandy soils typicadsist compaction better than finer
grain soils (Gomez et al. 2002), but most soil caatipn occurs within the first three or
four passes (Williamson and Neilson 2002). In geheroject soils are resistant to
compaction due to sandy granitic soils in a thirthe tractor units and otherwise from
the high rock content. However, the additionaltvacse from biomass removal of
unmerchantable trees increases ground based traffic

Further effects of ground base yarding are decdeim$iétration capacity, either because
of the removal of the organic ground cover and syp®to high intensity rainfall, or
reduced porosity through compaction. The formeiddan is the most probable because
of heightened risk for surface erosion by sheetweasl rilling. Additional erosion
modeling was done to frame the recovery with tregljoted effects. Theoretically, tractor
yarding would have the greatest impact with rema¥alover from 15 to 30 percent
across treatment units due to machine travel oa $aifs. Further loss, albeit small,
would be through removal of trees with some neeeliésNeedlecast on the burn slopes
is an important first component to soil cover rezxyv On severe burn areas, loss of
cover would be smaller but salvage harvest dutiedfitst year of harvest would set back
recovery none the less. Steep areas would havadgouer reductions of 3 to 10 percent
depending on the harvest system. Helicopter yardsuglly leads to less than 3 percent
detrimental disturbance and skyline yarding avesddepercent detrimental disturbance
(Mclver and Starr 2000).

Results of WEPP analysis on an acre of disturbedrgt under average conditions of
slope gradient, length etc., using the ERMIT modRebichaud et al. 2006), are shown
in figure 3 below. In addition, the Disturbed WERBdule was used to ascertain the
increase on erosion potential with reductions wugdcover. Recovery rates were
assumed to follow the same trends as after thdimeil&Slope lengths were 300 feet for
shallow slopes, less than 35 percent, and 50Gdesteep slopes averaging 50 percent.
Though erosion on granitics is problematic, the \WEBftware shows markedly lower
rates of erosion on these hillslopes conflictingwiield observations and soils mapping
risk interpretations. Thus, soils on metasedimgmacks were used to contrast erosion
rates between wildfire and wildfire with salvageest.

The modeling illustrates the very high erosion pog in the first two years following
wildfire. Erosion rates could be as high as 50 faere, which is in the same order of
magnitude as those found by the Moonlight Fire BAE&N (Rosel et al. 2007) who
reported an average rate of 46.2 tons per acralfaratersheds 1 year after the fire.
Within the second year, potential erosion is jugrdalf the initial year’s rate with
almost a five fold drop with five years regrowth.

Using skyline yarding system, the third year wolidde double the erosion potential with
the relatively small reductions in groundcover siearly in the recovery period slopes
have little regrowth. However, within five yearsirbed area and skyline areas would
have similar risk for erosion potential, albeitlstt high levels of risk at 12-15 tons/acre.



Using tractor yarding systems, the third year wdadd?.5 times the erosion over the
normal recovery after the wildfire. The higher driance on tractor ground would take
longer to recover. Forecasted rates would mirrdafie recovery at years 7 to 10. Thus,
tractor harvest, would delayed recovery compareskytine systems when compared to
natural wildfire recovery rates.

The skyline curve starts with higher erosion raied continues so through harvest
activities because of the steep slopes associatedhis method. Slope gradient is
strong driver of erosion and a dominant factorpglwith slope length, in WEPP
analysis.

60 —A— Burned-Shallow
K —>¢— Burned Steep

()
g 50 \ —& - Salvage-Tractor
S —#l = Salvage-Skylin
£ 40 ? ge-Sky
C
i)
3 30
L
3
< 20
©
o)
= 10

0

2007 2008 2009 2010 2011 2012 2013

Calendar Year

Figure 3. Potential erosion in time for burned slops versus planned skyline and tractor salvage.
Modeling assumes salvage harvest is completed dugityear 2009.

Biomass harvest could also impact the erosion.rafésf the planned tractor units have
biomass removal. Trees over 24” dbh in the tragtots would be limbed and topped.
This debris would then be lopped and scatteredirddls harvested in the helicopter and
skyline units would be limbed and topped and theridescattered. It is expected that the
resultant ground cover would be approximately 18%yline and helicopter salvage
harvest would leave all non-merchantable materitiavthe units. Though mixed results
are found with contour logging effectiveness (Rbahiad et al. 2000), leaving this
material would intuitively provide some level ofopection. Table 5 below shows that
LWD component of cover will increase many timesroaeross the helicopter and
skyline units. Some soil cover gained since the filue to vegetative recovery however,
would be lost by disturbance during harvest. Alsononitoring of downed wood debris
after harvest, data from the Rocky Mountain Rege8&tation indicates roughly 13-56
tons/acre material after salvage harvest usingaraystems (Page-Dumroese 2008,
personal communication).



To further temper discussion, erosion either cauldould not happen. Somewhat minor
blowouts along roads and skid trails are expedtedvever, a storm with enough
intensity to drive overland flow is beyond the ardéa 10 year storm. Localized
thunderstorms are common, though not in the sangmitoa@e as summer monsoonal
influences of the southwest. The real risk for dliog is from the heavy mid winter rain
or rain on snow events but these would not necégssaove the hillslopes.

While it is reasonable to assume there is someredisie effect of activities on burned
slopes, in the event of a storm sufficient to ai#ioverland flow, those effects would be
relatively localized and in terms of delivery ofigaent to channels it would be difficult
if not impossible to differentiate from the sedirhtrad derived from the rest of the
watershed’s burned if untreated slopes. The méatteik the prolonged exposure of 2 to
3 years where natural recovery would be delayeu ffte salvage harvest activities.

Application of BMPs will be used to lower incidencksurface erosion and sediment
delivery. Since 1992, the Plumas NF has conducted @00 evaluations of BMP
effectiveness per the approved R5 protocol. Thet meagnt summary of this monitoring
was produced following the 2007 field season (USIDA8a). That summary listed 441
evaluations of BMPs for the type of activities ppspd under the action alternatives.
BMPs were rated as effective for 79.8% of thosduatens. Other sources for soll
erosion are from temporary road construction winatese surfaces are exposed to
rainfall. Within units, these areas will likely haghort-term increases of soil erosion
above the recommended 2 tons/acre. Effects willedse as roads are obliterated
immediately following project completion by subsag, which will break up compaction
and increase infiltration capacity. Erosion riskdsless than 10 years as groundcover
returns to 50 percent or over.

1.1.2.1.1.2Soil Organic Matter and Large Woody Deb ris

Regional standards are to maintain organic matigr of fine and large size in amounts
sufficient to prevent significant short or longftenutrient deficits.

Fine surface organic matter includes plant littlerff, and woody material less than three
inches in diameter that occurs over at least 56gmerof the activity area. This condition
is not met in very high and high burn severity areer would it be for up to 3 years or
more after the fire.

Limbs and tops used for lop and scatter in helieophd skyline units, breakage during
harvest in all units, and scattering of tops antbb of trees over 24” dbh in ground-
based units would contribute to total LWD grealemt 3 inches diameter in the
immediate post-harvest condition. It is expected the resultant ground cover would be
approximately 10%. Fire ecology models (Tompkind Rtoghaddas 2008) give
estimates of over 7 tons per acre on average inatedgiafter harvest, which exceeds the
current and no action condition (Table 5). Increassdso due to fire-damaged trees
dying within 3 to 5 years of the fire. Other aréaeat will contribute LWD, outside of
treated ground but within the treatment units,sr&g retention areas for wildlife and
equipment exclusion zones within RHCAs.



Table 5. LWD values in tons per acre average in treatment uts—summarized
from fire ecology modeling and stand exam data (Topkins and Moghaddas
2008).

All Action All Action RHCAs
Alternatives Alternatives AL A Qi
Tractor and/or Helicopter Lfg/tg.f Helicopter
Roadside Tractor and/or and Skyline Roadsid and Skyline
Term Hazard Units Roadside Hazard Units oadside Units
Units, LWD > 12” Hazard Units
LWD >3 d|ameter LWD > 3" LWD > 3" LWD >3
diameter diameter . diameter
diameter
Post- 73 1.1 73 7.8 10.4
Harvest
10 years
after 6.7 1.0 14.7 12.4 17.3
harvest

20 years

after 6.2 0.9 18.8 12.8 23.1
harvest

30 years

after 5.6 0.8 18.5 11.8 22.8
harvest

Because all standing dead trees under 16 inchearédbft in the helicopter and skyline
cable units in alternative A, recruitment for LW®dreatest, and in the long term (10-30
years) LWD is estimated to be from about 15 toditper acre in those units.

Because of biomass removal of standing dead tredesvld.6 inched dbh, and harvest of
standing dead trees above 16 inches dbh, LWD armmauttactor units are estimated to
decrease in time from 7.3 tons per acre on avdmfe tons per acre on average 30
years after the fire. The reason is that removaho$t standing dead trees from the
treatment units eliminates LWD recruitment. Therk e some recruitment from those
fire damaged trees that will die 3 to 5 years dfierfire.

According to the fire ecology modeling for alternatA presented in Table 5, in the
treated areas of tractor units, aside from wildéifag retention stands and equipment
exclusion zones in RHCAs, total LWD amounts gretitan 3 inches dbh would be on
low side of range of 5 to 10 tons per acre reconteerior long term soil productivity
(Graham et al., 1994; Brown et al., 2003). Progltign elements require retention of 5
to 15 tons of down woody material per acre forraléives A and C and 10 to 20 tons of
large down wood per acre for alternative D.

Converting east side eco-type standards for 3 leggea minimum of 12 inches dbh into
tons per acre gives about 1.0 tons for ponderod®anmglas fir type cover, using
conversion factors from Brown et al. (2003). Thereftotal tonnage of LWD greater
than 12 inches dbh in the tractor units would begmal or below levels set by standards



(Table 47). However, since implementation of anyoacalternative would occur in

2009, nearly 2 years after the fire events, a amtisi amount of cull logs greater than 12
inches dbh will be left in the units, generallysiag the log mass per acre well over 1.0
ton.

All units will be hand planted with conifer seedjs Preparation for planting is hand
scalping of ground cover, of approximately 2 feetliameter. The density of planting

will be between 100 and 200 seedlings per acregrtiipg on burn severity and plant
association groups of burn area. The total disngbdrom planting constitutes about 1
percent of the planted area. These totals areamstidered to be a significant detriment to
the eventual recovery of ground cover, nor ardrgegtment plots large enough to be
considered as detrimentally disturbed ground (USM#rest Service 1998).

In time, organic matter will gradually accumulaterh litter, woody debris, forbs, and
grasses. Nutrients will gradually accumulate dumpaits (in precipitation, dry
deposition, throughfall, weathering of parent mateand nitrogen fixation) and
retention. These processes will take decades.

Salvage logging impacts soil recovery after wilglfiry extracting remaining organic
matter in form of tree boles. The greatest impaogswithin high intensity burn areas.
Where wildfire burned hot, forest floor is missimmd most of the trees are blackened.
These areas are sensitive since live above-groiomoiss is essentially removed. Site
conditions are largely moderated with the remairiorgst structure in the form of dead
wood. Dead down and standing wood ameliorate siteliion by forming micosites that
shelter vegetation regrowth, harbor moisture, argirgent soil temperature with shade
(Harvey et al. 1987; Franklin et al. 2002). Thetsebates improve soil growth potential,
especially in dry areas such as south facing sldpestanding dead falls, this wood is
further incorporated as brown cubicle rot that ast& sponge for moisture.

1.1.2.1.1.3Soil Biology

Impacts to micro-organisms and soil fauna, inclgdndo- and ecto-mycorrhizae are not
guantifiable. Impacts would be highest in high bimtensity areas. Ectomycorrhizae are
most abundant in the organic soil components, diotylitter, humus, soil wood,
charcoal, and organic enriched mineral horizonscé&the Moonlight and Wheeler fires
reduced the soil organic component, it follows thattotal number of ectomycorrhizae
would be reduced. This occurs for a number of neagucluding the reduction of habitat
sites, chemical changes in the remaining organitemand the reduction of conifer
needs for the added nutrient uptake capacity gatmedigh ectomycorrhizal

associations. Soil chemistry can change after fagylting in unfavorable conditions for
some ectomycorrhizae species.

All action alternatives would theoretically haveegter impact on ectomycorrhizae with
the removal of wood products. Though likely immeable, the impacts would be
greatest in the tractor based biomass and hammestval units, where the most
disturbances occurs with the least amount of orgaraterial left. Alternatives A, C, D
and E have similar level of these activities. Skgland helicopter harvest units would
likely not impact ectomycorrhizae with appreciablaterial left to ameliorate site
conditions.

An indirect effect that can result in adverse @do soil productivity is from
introduction of noxious weed species. Noxious wgeekties are a threat where



groundcover is sparse and soil resources are aburidgically, available nutrients
spike following fire and greatly reduce over thédwing two years (Choromanska and
Deluca 2002). Noxious weeds invasion is a riskesihese species are more adept than
natives at exploiting abundant soil resources difter

Noxious weed invasion can impact soil productivagyshifting plant species
composition. The shift in composition has biodivgranplications. The assumption is
less diversity can lead to less productivity (Pemg Amaranthus 1997). Aggressive
exotic invader species such as cheatgffassmus tectorum) influence below-ground soil
function by changing soil nutrient status and watgramics, creating legacy effects that
favor opportunistic species (Norton et al. 2004pipe and Callaway 2006; Gundale et
al. 2007). The risk is highest where noxious wessiablish and hinder native plant
recolonization, especially where the fire burnesl hibttest.

1.1.2.1.1.4Roads

Proposed temporary road results in short term diagjan of soil hydrology and long-
term reduction in soil biological function. In thease the life-time of the road is the
project implementation period of approximately hiyeDbliteration and reclamation
efforts improve soil hydrologic function over leagiroads in place. For the short term,
reclamation improves soil infiltration adequatedyaiddress erosion potential, though
reclaimed soil would have infiltration rates lovtkan natural forest rates (Luce 1997;
Foltz and Maillard 2003). For the long term, infltion rates improve over time as
freeze/thaw and plant roots improve soil porogigugh rates would likely remain lower
than adjacent natural forest soil (Switalski e28l04). Soil biological function restores
as forest floor and native plant communities retuMoist areas in the lower to middle
portion of the watershed have higher restoratidemal. Also, most of the project area
has a northeast aspect, and thus cool and wettmmmglthat promote vegetation growth.
Degraded biological condition is predicted for geedahan 20 years.

1.1.2.1.1.5Hydrology: Surface Flow and Water Quali ty

Road prisms intercept overland and subsurface fbawyeying this water across the
relatively impermeable running surfaces and ditdbhencentrate at discrete discharge
points. Skid trails and other temporary transpoutes associated with treatment have a
similar effect, though a lesser degree of compadiad total width, they are often on
steeper gradients. Erosion from increased flowimguin trails is controlled with water
bars, which dissipate water energy and allow wat@nfiltrate into the soil. Subsoiling
of temporary roads and landings will improve iméition and disrupt surface flow.

The effect of greater overland flow and routingrbgds and trails may be great enough
to accentuate surface flow peaks for small faltra®in the natural channels of small
watersheds. Exacerbated flows, occurring with gueacy or duration that exceeds
existing long-term conditions of flow, could affesttannel stability by degrading beds
and in turn undercut banks and valley side slopékea confined channels. However, the
project area’s channels and near-channel vallgeslare dominated by large
alluvial/colluvial and bedrock outcropping. The geaily good bank stability found in
project surveys are an indication of the resilieatthe well armored mountain streams.

Temporary roads are to be constructed for the maetit@rnatives, but will within the
same year of harvest be closed and, along withngedubsoiled to a minimum depth of
18 inches. The overall effect of roads is expetbeoe similar to the long-term pre-fire



condition. Maintenance of running surfaces andsings may attenuate response to
storms insofar as concentration of flow in ruttedds, plugged or damage culverts would
be corrected. Erosion treatment on skidding tsailsreduce or eliminate the hydrologic
connectedness of the skid trial system to Foregtg@nd its drainage, hence to project
streams.

Loss of ground cover due to harvest would normadlyfimited by BMPs and other
design criteria such as lop and scatter of topdiarizh, so that on average it would be no
less than 50 percent. Currently ground cover imptiogect area is well below this level.

In the event of high intensity rainfall, over tHeost term of 3-5 years after the fire it is
the effects of fire that are paramount, and likelly mask the effects of harvest. The
recovery rate of the fire -no action alternativeuleblikely be faster than the action
alternatives where groundcover is reduced and amlslightly to moderately compacted
by timber extraction.

Runoff response to harvest, and incidental roaftlimgj is overwhelming only for small
(<<1 year recurrence interval) fall storms in dngexedent conditions and well within
the range of annual variability of peak flows (Basc1978; Ziemer 1998; Jones 2000).
Incidents of significant effects of harvest to kaqgeak flows can usually be correlated
only with very high road density, or the placemeintoads in close proximity to channels
(Rice et al. 1973; Jones and Grant 1996; Jones) 2083 effect of harvest and roads is
also most significant in small watersheds of uridéf0 acres and tends to decrease to
insignificance with larger watersheds (Beschtd.e2@00). Analysis watersheds are
between 1600 and 7600 acres, and average 3800 acres

Sediment production from harvest is also mostlg teeaccess roads with several fold
increases (multiplicative factors of 2 and 3) meaddrom 1 to 5 years after completion
of harvesting, before a return to near baselingesactivity condition (Krammes and
Burns 1973; Rice et al. 1973; Beschta 1978; Kepald Ziemer 1990). Primary sources
are running surfaces, cut banks, and fill slopkifes, the latter which usually come a
few years after road construction.

Burned watersheds with significant ground coves loswever, diverge from their pre-
burned conditions of peak flow and sediment produadn response to high intensity
rainfall, particularly in small headwater drainaayeas (Neary et al. 2005). Most
importantly, peakflow responses from wildfire aypitally well out of range of
responses produce by harvest and road building, wi#asurements from 1 to 3 orders of
magnitude (multiplicative factors of 10 to 1,000ko0 pre-fire conditions (Tiedemann et
al. 1979; Neary et al. 2005), because of the maidel proportions of a burned
watershed in condition to generate overland flohese runoff events are capable of
initiating debris flow in headwater areas, dradiycaltering channel morphology of
alluvial channels (USDA 2004b). Sedimentation faflog a wildfire is also typically 1
and often 2 orders of magnitude greater than peecbnditions (Tiedemann et al. 1979).
There is a high probability of impairment to watgality downstream of the project
watersheds in the near term (2-5 years) becaude @xisting burned condition. Recent
water samples in Lights and Indian Creeks by Fe&her Coordinated Resource
Management (unpublished data, 2009,), followingfedi in the project area during May
1 through May 5, 2009, showed NTU measurementrbidity many times over
thresholds of state water quality standards (CalifoCentral Valley Regional Water
Quiality Control Board 2007)



The predominance of large bed particles in arezasts (Affected Environment,
Stream Channel Conditions) and banks of woody spexie typical of mountain
streams and relatively resilient to flow and angatbr of high per annum
variance of flow. In project area streams that veeneeyed either by the
Moonlight Fire BAER effort or in stream surveys bgrest staff of channel
conditions prior to the fire, channel condition vggd overall. The proposed
action calls for harvest of Riparian Habitat Cornaéion Areas (RHCAS) to the
extent outlined in design features section ancaiold 6 below. Values in the table
are distance in feet from channels that harvesidvwoccur and equipment can
travel. On slopes greater than 25 percent thare exjuipment travel. Where
riparian conditions or valley slope break existslapes greater than 25 percent
but at a distance that exceed those values givéahle 11, equipment will be
allowed to operate an additional 25 feet. Equipnengstricted to slopes of 35
percent in all areas except those with granitergaraterial, or in an RHCA as
described below.

Table 6. Riparian Habitat Conservation Area parameters for logging
equipment use.

Stream Type

0-15%
(feet)

15-25%
(feet)

> 25% (feet)

Perennial 100 150 No mechanical
Intermittent 50 100 No mechanical
Ephemeral 25 50 No mechanical

Meadows and Wetlands 25 50 No mechanical

About 40% of the treatment acres in Alternative ll e helicopter or skyline yarding

of all material except snags to the extent of 8 feer acre, over 16 inches dbh, over a
landscape basis. Limbs and tops will be loppedsaattered to a depth of 18 inches or
less. The other half of the treated ground will gsmind based equipment. Most of the
standing dead will be removed, except for snagitiete, as sawlogs or as biomass. This
harvest scheme will persist in the RHCA areas ¢oetktent outlined in Table 6. The
substantive difference between Alternative A an®@nd E is the elimination of skyline
and helicopter acres from those alternatives. Ateves D and E further reduce acreage
of tractor harvest from A and C.

The equipment exclusion zones within the RHCA resaifficient quantities of standing
dead trees for future recruitment and within 10rygmedicted LWD is greater than 10
tons per acre.

Planting of conifer seedlings will take place thghout the burn perimeters. Between
100-200 tress will be planted per acre spacedustets. Site preparation for each tree
would be hand grubbing of about a 2 foot circletal disturbance would be about 1
percent of the area, in widely spaced patches.

There is no available method to quantify effecthafvest on burned slopes, except to
point out the greatly magnified effects of a dertudi®pe compared to that of a typical
green harvest. Whatever the added effects of haowelsurned slopes, burned over
stream buffers are obviously much less likely &sitiate and disperse overland flow and
transported sediment before it reaches a channel.



In the helicopter and skyline cable units, becaigbe lop and scatter of limbs and tops,
and the leaving of trees under 16 inches dbh,akeltant ground cover immediately after
harvest is likely to be better than the currenstgoe ground cover in any RHCA that
these units may include. The same is not necegsard for ground-based units which
will transport most of the standing dead materidl drees over 24” dbh in the tractor
units would be limbed and topped and the debris ibeped and scattered. It is expected
that the resultant ground cover would be approxatyet0%. There will be some amount
of breakage that will be left on the ground, bus ttolume would be far less and less
predictive. In addition, because of biomass presion, it is likely wheeled equipment
would travel over most of a unit area. Table 108whthat 53% of entries into RHCAs
are in ground-base equipment tractor harvest asida hazard tree removal units. The
substantive differences between the alternativesherse RHCA acres in Alternative A
within helicopter and skyline cable units. Applicat of BMPs, such as water barring
skidding trails, and project design features, saglop and scatter of limbs to increase
cover will mitigate some of the effects of harve$he scope of the activity treatment
area within the burned watersheds is between 3.8%@(Alternative A through E).
Detrimental ground disturbance, upwards of 30%antbr base unit area and between 5
and 10% in helicopter and skyline units, would &bgtween 1.6 and 3.6 % total for the
project watershed’s area, depending on actionretme. Given implementation of
erosion control features in activity area, impdots/ater quality from activity disturbed
ground are not expected to be a significant factdine event of precipitation that induces
overland flow in the burned watersheds.

Table 7. RHCA acres in high/very high EHR soils.
Logging Alternatives
Systems

A C D E

Int.* | Per.** | Int. | Per.| Int. | Per.| Int. | Per.

Helicopter 388 | 289 0 0 0 0 0 0

Skyline cable 67 186 0 0 0 0 0 0

Tractor/Roadside 406 | 635 406 635 358 586 297 565

Total 930 | 1041 | 406 63% 358 586 297 565

*--Intermittent streams, **--Perennial streams

1.1.2.1.2 Cumulative Effects
1.1.2.1.2.1Soils

An activity area is any impacted site feasibledampling. Sale contract units are
typically considered as individual activity areas the purpose of soils monitoring



(USDA Forest Service 1998). Current rates of coripa®r detrimentally disturbed
ground in units surveyed are low (Table 3).

Cumulative effects of the proposed harvest are ddesiacterized in the context of
recovery after the wildfire. Natural recovery wollée set back from 2 to 5 years from an
erosion standpoint. Longer term effects are mdifecdit to discern with poor
understanding of long term effects. Generally, @reaw logging will have much less
impact than summer logging (Mclver and Starr 20Rdge-Dumroese et al. 2006a).
However, implementation varies across forests awerctypes with long term
implications uncertain.

The Moonlight and Wheeler project area has modegrapteductive soils on
metasediments and poor soils on granitics. Pagerdesa (2006) alludes to poor
productivity sites as having more critical needsdiganic matter. Further, in an
exhaustive catalogue of organic stores on sitesigirout Idaho, Montana, and
somewhat in Oregon, Page-Dumroese and Jurgense®) (@wnd that surface organic
matter on poor sites is a larger portion of theral@utrient base and thus has
implications for overall productivity. In regards the proposed project, these findings
suggest that the biomass removal together withdmhlarvest on the granitics would
hinder recovery. This effect would occur on 242eeacroughly a third of the planned
tractor biomass acres for Alternatives A and Cciaabiomass would occur on 2002
acres of granitic soils for Alternative D and 138%es of granitics for Alternative E,
roughly one half and one third of the total acrefagehe alternatives, respectively.

In tractor units, and outside of the RHCAs andliifié snag retention areas, estimates of
LWD greater than 12 inches in diameter for east shjetation types would be marginal
or slightly under standards over the long termy@8rs), because of lack of recruitment.

The scientific community has conflicting viewpoims the long term effects of fire
salvage on soils. James Mclver, a professor at@r&gate who has actively participated
in describing effects, provides a great overviawhis Forest Service briefing paper,
Mclver suggests that viewpoints by Beschta et24104) offers a protection approach in
the face of uncertain effects on severely burnéd as opposed to a more utilitarian
approach with economics as a factor. In a rebtdtBleschta, Evers (2002) argues that
salvage within the context of site specific corahs is reasonable. However, without
specific long term monitoring of salvage harveghw this ecosystem, long term effects
are still uncertain.

1.1.2.1.2.2Hydrology

As Table 11 above shows (Affected Environment, tdialyy) the largest effect to
hydrologic function to hill slopes in the projeceas from the wildfire itself. Although

the ERA method is not quantitatively predictiveniay be used to show relative effects of
different sources to watershed runoff. For instaheefact that alternative C retains the
ground base harvest, but drops the helicopter kylthe cable units has little effect on
overall results, as ground base methods are hd¢amost disturbing to ground cover,
which is the most important factor to hydrologiadtion of forested slopes. Figure 4
which classify project watersheds ERA percentative to TOC for alternative A

would essentially be the same for alternative @n E as Table 8 shows.



Table 8. Summary of Equivalent Roaded Acre analysis for detenining
cumulative watershed effects.

ERA% Alternative Total ERA %
Watershed Al A | Alt. C AI'DL A'Et' Existing* | Alt. A | Alt. C AI'DL A'Et'
Bear Valley 0.0 0.0 0.0 | 0.0 23.0 23.0 | 23.0 | 23.0 | 23.0
Cold Stream 1.1 0.9 0.3 | 0.3 13.6 14.7 145 | 13.9 | 13.9
East Branch Lights C. 3.0 2.9 19 | 1.8 16.6 19.5 194 | 184 | 184
Freds C. 0.2 0.0 0.0 | 0.0 12.5 12.7 125 | 125 | 125
Indian C. blw Antelope-Babcock | 1.9 1.0 0.2 | 0.0 19.7 215 20.7 | 19.9 | 19.7
Indian C. blw Antelope-Dam 0.5 0.4 0.0 | 0.0 14.6 15.1 15.0 | 146 | 14.6
Lonesome Canyon 0.4 0.2 0.1 | 0.0 26.7 30.1 299 | 29.8 | 29.7
L. Cooks C. 0.3 0.3 0.2 | 0.2 5.9 6.2 6.2 6.1 6.1
L. Indian C. 1.6 1.6 16 | 1.2 15.8 17.4 174 | 174 | 17.0
L. Lights C. 0.6 0.1 0.1 | 01 17.4 18.0 175 | 175 | 17.5
L. Lone Rock C. 14 1.0 0.8 | 0.5 15.4 16.7 16.4 | 16.2 | 15.9
Middle C. 0.9 0.6 0.3 | 0.3 12.3 13.2 129 | 126 | 12.6
Mid. Hungry C. 1.1 1.0 06 | 04 8.8 9.9 9.8 94 | 9.2
Mid. Lights C. 3.0 15 1.0 | 0.9 19.9 229 | 213 | 209 | 20.8
Moonlight C. 1.2 0.7 0.6 | 0.6 14.5 15.7 152 | 15.1 | 15.1
Moonlight Pass 0.1 0.0 0.0 | 0.0 22.8 22.9 229 | 229 | 229
Moonlight Valley 1.9 1.7 14 | 0.8 18.0 19.9 19.8 | 19.5 | 18.8
Morton C. 1.0 0.9 06 | 04 21.8 228 | 228 | 225 | 223
North Arm Indian Valley 0.1 0.1 0.1 | 01 4.7 4.8 4.8 4.8 4.8
Pierce C. 0.8 0.8 0.8 | 0.6 9.6 10.3 104 | 104 | 10.2
Smith C. 1.4 1.3 09 | 0.3 25.3 26.7 26.6 | 26.2 | 25.6
Up. Hungry C. 1.4 1.4 13 | 1.3 12.2 13.6 136 | 135 | 135
Up. Indian C. 15 1.4 0.8 | 0.5 10.2 11.6 115 | 11.0 | 10.7
Up. Lights C. 0.3 0.1 0.1 | 01 14.1 14.3 142 | 142 | 14.2
Upper Peters Creek 0.5 0.5 05 | 05 10.5 11.1 111 | 111 | 111
West Branch Lights C. 3.5 2.7 12 | 11 21.2 24.7 239 | 224 | 22.3

*--assumes proposed harvest on private land, stg ERA% Table 4 below.

Roads, though a steady and non-diminishing sourognoff effect are a minor one in

the project area, accounting for 1 to 2 percent ER#Sss the watersheds. The ERA
method is not spatial, so the true effect of raady be greater or less than the value
given, relative to their position on the valleyss. Roads in steep slopes, with high cuts,
tend to capture a degree of ground interflow paldidy during storm events.

Conveyance of this water through drainage ditchésw order draws are the primary
means by which forest roads advance the timingoamaérease runoff. Roads on the
ridge lines obviously capture little except whaggpitation falls directly on their running
surfaces. Roads in the valley bottom may captuerflow, but at point where it was to
daylight into the valley channel at any rate. Raoaidsid-slope, particularly if there are
multiple segments across a slope have the greadtsitial for capturing storm flow and
conveying to natural surface channels. It is as¢herossings of roads and natural
channels where the most significant resource damega's, typically by scour and bank
erosion downstream, where accelerated velocitiesethby crossing pipes and increased
volume from the road conveyance degrades a channel.



With the proposed Alternative A, 19 of 26 projertawatersheds are over
ERA% thresholds set by the Forest, for managenngpécts that affect runoff.

All but four watersheds over threshold are dudntodffects of the fire (Table 11).
Two of the exceptions, Bear Valley and Moonlighs®are due to fire salvage
harvest on private land completed in 2008, or etqukby 2009. Salvage harvest
in private lands is mostly upslope of Forest Seavitanaged land, in the
headwaters of analysis watersheds. The other twersiaeds potentially over
threshold are Middle Creek and Upper Hungry. Bo#ttensheds are very near
threshold conditions currently (Table 11) and gitles proposed alternative
Middle Creek could exceed thresholds by 0.2 ERA%ts@and Upper Hungry
Creek by 0.6 ERA% points. Actually all action aftatives would result in an
ERA% over threshold in Upper Hungry Creek, but ohltgrnative A would

cause an over-threshold condition in Middle Cr@éie increase ERA% of
Alternative A is accounted entirely by ground-base helicopter harvest. Eleven
of the watersheds are in excess of 30 percentT®eérand it is reasonable to
expect that under conditions of intense precigtasignificant increases in runoff
would occur. One more watershed, East Branch ditkiGreek, is 30% over
TOC with this alternative compared with existinghdaion, see Table 11, which
is due to the proposed action, although existingdsied land has actually a
greater effect to runoff in most watersheds thanpitoposed action.

Potential erosion from harvest slopes, and subsecaeliment delivery to channels is
expected to be elevated over normal conditionsusecaf lack of ground cover. But in
the event of precipitation that initiates erosiba bverall lack of ground cover on burned
slopes will be the greater source. Harvesting eseateas of compaction and
displacement of soils that may lead to localizagidences of overland flow, but BMPs,
PNF LRMP standards, and regional soil productigitydelines would limit detrimental
disturbances to soil to 15 percent or less ofaitnent unit. The treatment units do not
constitute the majority of slope area. Therefote@darvest effects are a relatively
minor proportion of the watershed, as shown in @&bIThis point is illustrated in table
104 which shows that between 4 and 18% of projetérghed’s area are rendered
comparable to forest road surface by fire effectdumn ERA%). Compare that to values
in table 101 which shows that effected area byradite/e to be between 0.0 and 3.5% of
project watershed’s area.

Effects of proposed actions would ameliorate foatling and potential fire
behavior within the treatment units themselves. v, given the limited scope
of the treatment units it is unlikely that the treant would significantly alter the
effect of future wildfire, in a given watersheah lbydrologic response or erosion.
The action alternatives are designe@xdude harvest activities entirely from 78
percent (under alternative A) to 94 percent (uradiernative E) of public lands
within the analysis area (and 5 to 18% of projeatesshed’s area). Consequently,
large areas of unsalvaged and untreated areas wristdunder all action
alternatives. In addition, there are snag reterdi@as within salvage harvest
units, equipment restriction zones, and furthegsetention guidelines within
RHCAs, all of which would reduce effectivenessreatment.

There have been few recorded fires that extendsagrmre than one of the analysis
watersheds. The largest fire in the Lights Creeldrge was in 1959 of 1400 acres in the



Morton and Smith Creeks watersheds. The next lawgas 1100 acres in 1996 in the
Cooks Creek watershed, a steam that confluenceslyghts Creek well downstream of
the project area. Therefore, a thoroughly unigtieaion exists in regards to runoff for
Lights Creek, particularly within and below the Mld Lights Creek sub-watershed. Two
of three important variables that could drive anarge runoff event occurred in the
winter of 2007-2008. First, the fact of the firedats most significant effect, the
catastrophic loss of forest ground cover acrogsally the entire landscape. Second,
there was an early and heavy snowfall. The thictbfawould have been heavy rainfall in
the mid winter months of January and February &82@ happenstance of 12 of 21 years
during the period of record on the Indian Creekegadhich drove the 7 largest flood
events recorded at the site. The occurrence ofyhediv and warm and breezy conditions
in mid-winter is popularly referred to as the "papple express"” because of the point of
origin of these systems in the South Pacific Oacesar the Hawaiian Islands. These
conditions can be present during El Nino episodasthe latitude of the project area puts
it between El Nino and La Nina influenced zonesl arakes the correlation somewhat
problematic (Barkhuff 2008, personal communicatiddst importantly is the frequent
occurrence of warm and moist tropical air from sbethwest moving over the Sierra
Nevada Mountains in mid-winter when a thick blangiesnow may be already present.
The 2007-2008 precipitation season, in fact, praedoe well below normal and no
significant rain-on-snow events occurred over thiater. Little or no overland erosion
was observed to have occurred within the burneasavecause winter and spring runoff
was dominated by slow, steady snowmelt that dichage much erosive power.
However, rain-on-snow event potential remains 2082009 and beyond. A further
condition that certainly exaggerates this effecally, and perhaps is a very significant
factor, is the southwest aspect of the Lights Cresddwaters area roughly above the
5,000 foot elevation that is also the principlecbatent area for the stream.

Therefore, over the next 3 to 5 years until sugintiground cover is re-established there
is a high risk of a large floods downstream of ph&ect area, particularly within the
Lights Creek drainage. Because of the effectivk &dground cover a flood could be
potentially much larger than previous to the fikgh the same return interval of rainfall.
It is the conclusion in this report that the Moghli Fire BAER Hydrology Report very
probably underestimated the magnitude of potenti@ff from the fire area. However,
as also stated above, the peak flow increasesodugrhed area effects calculated in the
BAER report are likely conservative.



Figure 4. Action alternatives level of risk for exeeding watershed threshold of concern. Values liste
in Table 81 above.
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1.1.2.2 Alternative B — No Action

1.1.2.2.1 Direct and Indirect Effects
1.1.2.2.1.1Soil Erosion and Detrimental Disturbanc e

Groundwater will be elevated in the burn area duetluced evapo-transpiration and
thereby elevating the risk of mass wasting. Howeaetive or recent landslides were
only observed in units 26a and 26b. They were logleaslumps from low ridges
dissected with deep V-shape first order draws. Straes had flow on the order of a
few gallons per minute during time of field vigit November, 2007.

Typically in conditions of forest canopy and flamver overland flow is a rare
occurrence limited to areas of outcrops, or distnde whether natural or due to
activities. However, in the 30 units surveyed soNer ranged from 0 to 60 percent with
an average of 20 percent, and canopy cover rarighng3 to 49 percent (Table 3). Given
these low groundcover and overstory canopy comditioverland flow could occur with
high rainfall rates or rapid snowmelt over the &rpgart of the analysis area.

Raindrop impact is a severe source of initial enogin bare soil. Shear stress imparted
by raindrops on bare soil has been measured as asuchur times the critical shear
stress of cohesive soils and 100 times the shesasstreated by thin sheet wash (Julien
2002). Critical shear stress is the point of itibia of movement of a particle. Fine



particles transported by raindrop impact or shesthacan plug pores in the mineral soill
surface and thereby reduce infiltration capacitig\ill 1989; Powers 2002). Overland
flow can be initiated when surface infiltration eafly is drastically reduced. The effect
of wildfire in the event of high intensity rainfal comparably much higher than roads or
harvest, because of the much greater proportiovatérshed area that is affected.

Aerial mulching to re-establish cover in high-veggte burn severity areas was
recommended in the Moonlight BAER hydrology regéidust 2007). Mulch areas were
approximately 700 acres in Middle Lights Creek, tn#d-orest Service road 28N36,
within portions of sections 7, 8 and 18, TownshipNbrth, Range 11 East, and sections
12 and 13, Township 27 North and Range 10 Easadlitional 40 to 80 acres were
mulched in the Fred’s Creek watershed over a podfcections 29 and 30, Township
27 North and Range 11 East. Mulch areas were sel@ttorder to protect a residence in
Fred’s Creek and water quality in the main stemht'gyCreek.

1.1.2.2.1.2Soil Organic Matter and Large Woody Deb ris

Dead and downed wood is well recognized as a afiélement for soil
productivity (Harvey et al. 1987; Graham et al. ApRRecommendations for
minimal coarse wood levels to sustain productieity outlined in Graham et al.
(1994), and are between 5 and 10 tons per acdrifarponderosa pine forest
cover. Preliminary data gathered in fall, 2007miostly high severity burn tractor
units shows those units are well below the reconteémange (Table 3).
Estimates of LWD for the current and in the shertxt are about 6.5 tons per acre
on average across the treatment area (TompkinMagtaddas 2008). In the
long-term, because of recruitment from standingldezes, LWD estimates range
from 16 tons per acre 10 years after the fire tooPg per acre 30 years after the
fire (Table 5).

Brown et al. (2003) postulates where coarse wooeh(gr than 3 inches in
diameter) reach 30 tons/acre; high severity finrdadtoesult in the event of a
reburn. The greatest risk is within 10 to 30 yeegre logs are in contact with
the ground and have not experienced much decayetgrwrecent findings
suggest that reburn in plantations following sak/eéggnot lower than in naturally
regenerated stands (Thompson et al. 2007). Fatiarsnay increase fire severity
in managed areas are the close tree spacing itaptars, higher abundance of
fine fuels (Donato et al. 2006), and homogenousdssructure that promotes
high severity fire (Odion et al. 2004). Also, sdehyllus shrubs common in both
managed and unmanaged regenerating stands caasadne severity (Odion et
al. 2004; Thompson et al. 2007). Given the uncatitzs of reburn occurring and
risk from the no-action and action alternativesdifterence can be construed in
regards to fire severity.

Alternative B, the no action alternative, would Bano adverse effects on soil
microbes, including ectomycorrhizae. Recovery dfmacrobial communities
would occur gradually as vegetative communitiegrretEctomycorrhizae are
commonly associated with conifers and thus woulldfotheir succession.

1.1.2.2.1.3 Hydrology: Surface Flow/Water Quality



The overwhelming effect to hydrologic function,any of the alternatives, is that of
cover loss and the potential for widespread overfiow. An indication of just this
occurrence may be reflected in recent water sangoléscted in Lights and Indian
Creeks by Feather River Coordinated Resource Mamagie(unpublished data, 2009,),
following rainfall in the project area during Mayttirough May 5, 2009. Turbidity
measurements of water samples gave NTUs many tregghresholds of state water
quality standards (California Central Valley RegibWater Quality Control Board 2007)

Peak flow increases were calculated for the ModnIBAER report (Faust 2007).
Regional runoff equations developed by WaananerCaipgben (1977) were used as a
basis, with factors of 3, 1.5 and 1.1 applied &aarof high, moderate, and low severity
burn, respectively. Runoff from wildfire areas, fparlarly high severity burns can be 1
to 3 orders of magnitude above normal or baseleak® under comparable conditions
(Tiedemann et al. 1979; Neary et.al. 2005). Theeetloe calculated peak flow results
from the BAER hydrology report are rather conseweat

The design storm chosen for the runoff computatwas a 10 year 24-hour frequency
and duration (4.5 to 5.0 inches total of precipiain project area) as the event most
likely to create a damaging flood to downstreamelfieral uses (Faust 2007). The
calculated effects of the fire was that runoff frtme design storm is equal to that of a 30
year storm under unburned conditions. The ratim@feased runoff of post-fire to pre-
fire conditions ranged from 1.01 in Boulder Credkiah had only a few percent of its
area within the fire perimeter, to 2.33 in Westrigtta Lights Creek, which was entirely
within the fire perimeter. The mean ratio for alitersheds affected by the fire was 1.60
(Faust 2007).

A U.S. Geological Survey stream gage was operatddghts Creek (Station # 114013)
for six years between 1958 through 1963 (Tabl&\Djile this period of record is less
than adequate for statistical treatment of annaakpglows the record was useful for
comparison to Moonlight Fire BAER modeling outputs.

Table 9. Comparison of USGS gage peaks on Indian and LightSreek for
period of record on Lights Creek. Values in cubicéet per second (cfs).

Year Instantaneous Peak Flow
Lights Creek Gage Indian Creek Gage

1958 2120 14000

1959 261 1020

1960 1300 6180

1961 180 464

1962 463 3090

1963 2440 30200

The location of the Lights Creek gage correspondké downstream end of the Middle
Lights Creek watershed used in this project and imlpeak flow analysis in the
Moonlight Fire BAER hydrology report (Faust 200Table 10 below shows post-fire
predicted values for 2, 5 and 10 year recurreniaeval peak flows (Q2, Q5, and Q10)
calculated in the BAER hydrology report (Faust 2087d those from regression
equation between Indian Creek gage data and L{@tesk data.



Table 10. Comparison of BAER and station data estimates of @ flow for
Lights Creek

Source of data for estimation of Lights Return Interval of Flow (cfs)
Creek Peak Flows

Q2 Q5 Q10
BAER report; Regional Equations 291 789 1,200
Regression Equation. With Indian C. Data 644 1198 1857

Three of the annual six peak flows from the LigGteek USGS record exceed the
calculated Q5 flow from the BAER report and twalodése exceed the calculated Q10
flow. Correlation of Lights Creek gage record wiitle USGS gage on Indian Creek near
Taylorsville (Station # 114012), that has a peonbdecord from 1958 to 1980, indicate
that the years in question on Lights Creek are ganbbetween the Q1.25 and Q20. The
correlation was made by regression between the yedaks of the two gage sites. This
was considered reasonable since the peaks atibegloscurred on the same day in each
year, obviously driven by the same storm event. 8$pect and total relief of the
watershed above the gages are similar. The R sgahre, a measurement of the degree
correlation of the parameters used is high at W88h indicates that those factors that
combine to produce peak flow are similar in bothinlges. Only Greenville climate
records were available, but are at a location gefiily close to clearly show the
correlation between precipitation events and ruabthe gage site, and provide further
evidence that the storms that drive the largestgaee not localized to a single drainage.

While some of these flows were certainly channghiag events, or generally above the
average set of yearly conditions that maintainsv@adhannel geometry, these flows are
also well within long-term range of baseline coiudhs. It is important to note that at the
Indian Creek gage with 21 years of record betwé56and 1980, the range of peak
flows is over four orders of magnitude (from 11ubic feet per second (cfs) to 30, 200
cfs). Streams with these kinds of variation in geate considered very flashy, with
markedly high variability. Also 12 of the 21 peaksrecord, including the top 7 occur in
the months of December through February indicatiogt likely that rain on snow is a
frequent occurrence. The greatest peak flow onrdeabthe Lights Creek gage on
10/13/1962, was 2,440 cfs, and was driven by twe @d rain (10/12 to 10/13/1962),
recorded at the Greenville station (COOP #043628B.@7 and 5.11 inches. Each day of
rain was close to the 10-year, 24-hour storm. Tdw &t the Indian Creek gage peaked at
over 11,000 cfs. Had this storm occurred latehandeason when soil moisture was
higher the flow undoubtedly would have been vergimhigher. As it is 2,440 cfs
produced at the Lights Creek gage was more thahledle project runoff calculated in
the Moonlight Fire BAER Hydrology report for simileainfall.

The braided channel form noted in the BAER hydrglogport, for Lights Creek, and
other evidence of instability on the higher ordeeams can be placed in a context of
high relief, and wide variation of annual peaks tlubeavy rain or rain on snow in early
winter. Mining and grazing activities notwithstangdj a degree of channel instability,
wide floodplain, and large substrate clast mayxpeeted natural conditions for these
channels.



1.1.2.2.2 Cumulative Effects

The Forest uses the ERA method to assess cumuddtect of activities that alter
hydrologic function and result primarily in alteiat of runoff in project
watersheds. The ERA method is essentially an at¢itguof the past, present, and
future impacts. It is used to index land use intgnsather than to predict effects.
Judgment of the effect of proposed actions is niad@ensideration of current
conditions, as determined by field observations, tuiwse environmental
parameters that are deemed relevant to the respbmssershed hill slopes and
channels in the project area. ERA is commonly esqed in percent of watershed
area. ERA percentage for watershed is a measurenukceitor to address soil
disturbance, runoff, and sediment delivery concerns

A degree of activity within a watershed, beyond efthan adverse effect might be
expected is the TOC described previously in thi®rein units of ERA percent.
An appropriate range for TOCs is 10 to 20 percddABJSDA Forest Service
1990). The TOC for a watershed is calculated byraeration of sensitive ground
within that watershed. The closer the calculatedE&ue for the watershed is to
the threshold value the greater risk of detrimeimtglact to the watershed and its
beneficial uses. The effect of activities decreases time although the
contribution of permanent roads to ERA does nohgbkaGiven the broad
assumptions built in the ERA method, TOCs are bebhite determinations of
adverse impacts, but a point at which it is reabnt expect measurable effects.
Given the degree that many of the project waterskeedeed their TOC, it is
especially appropriate to use the value as a yekdst detrimental change.

Seventeen of 26 analysis watersheds are over thdsséet by the Forest, for
management impacts that affect runoff. All but w¥dhe watersheds over
threshold are due to the effects of the fire (Tdldle The two exceptions, Bear
Valley and Moonlight Pass are due to fire salvagedst on private land
completed in 2008, or expected by 2009. Most ofstileage harvest on private
lands is upslope of the Forest Service managed lande headwaters of the
analysis watersheds. Ten of the watersheds arecess of 30 percent over TOC
and it is reasonable to expect that under conditainntense precipitation events,
as discussed in preceding sections that significanéases in runoff would occur.



Table 11.

Current ERA in project area watersheds.

Watershed ERA% ERA% ERA% ERA% EFI?\,/A_;A) Total ERA%

NFS* PVT* Roads Fire Proposed ERA% TOC
Bear Valley 0.1 5.8 1.2 11.2 4.6 23.0 13
Cold Stream 35 0.0 1.2 8.9 0.0 13.6 13
E.B. Lights 1.6 0.2 1.6 12.8 0.3 16.6 14
Freds 1.8 0.1 0.9 9.3 0.5 12.5 13
Indian biv Antelope, 1.7 0.0 1.4 16.6 0.0 19.7 13
Indian biw Antelope 3.9 0.0 18 9.0 0.0 14.6 13
Lonesome Cyn 0.2 5.5 1.1 17.7 51 26.7 13
L. Cooks 0.5 0.0 0.8 4.5 0.1 5.9 12
L. Indian 25 0.0 1.8 11.2 0.3 15.8 12
L. Lights 0.0 2.0 0.9 13.0 1.5 17.4 14
L. Lone Rock 2.5 0.0 1.2 11.2 0.5 154 13
Mid. Creek 2.1 0.0 1.1 9.0 0.0 12.3 13
Mid. Hungry 1.7 0.1 1.5 5.6 0.0 8.8 13
Mid. Lights 0.2 0.8 1.3 17.6 0.0 19.9 14
Moonlight 0.4 1 0.8 12.0 1.2 145 13
Moonlight Pass 1.4 12.8 1.1 6.2 1.4 22.8 14
Moonlight Valley 0.8 2.5 1.6 11.7 1.5 18.0 13
Morton 1.0 3.9 1.3 11.8 3.8 21.8 14
NO”hVAarlrl‘;)'/”d'a” 1 0.0 0.7 3.8 0.0 47 13
Pierce 35 0.0 1.4 4.7 0.1 9.6 12
Smith-Fant 0.5 1.85 1.4 15.8 5.7 25.3 14
Up. Hungry 2.2 0.2 1.3 8.4 0.1 12.2 13
Up. Indian 2.4 1.0 1.0 5.8 0.0 10.2 12
Up. Lights 0.9 35 1.2 7.7 0.8 14.1 13
Upper Peters Creek 54 0.0 3.8 1.4 0.0 10.5 14
W.B. Lights 0.6 0.5 1.5 17.2 1.3 21.2 13

*--NFS = NFS lands; PVT = private land
1.1.2.3 Alternative C — Direct, Indirect, and Cumul

Alternative C is inclusive of all tractor and roatkshazard elements within
alternative A, already described above. Most terayoroad construction (Table
12) including RHCA entries crossings are retaimedhfAlternative A, so that on
the basis of the analyzed watersheds there is $ittbstantive difference in
impacts to hydrology (Table 8) and detrimentalutisance for soils. Eighteen
miles of temporary roads are proposed compare@ tailes with Alternative A,
with 7 RHCA entries and crossings of channels udicig 1 with perennial flow.

ative Effects

Excepting the RHCA harvest areas, LWD > 3” will gigse over time, out to 30
years after harvest, because biomass removal lgdlramove future recruitment
(Table 5). Predicted levels from fire ecology manigindicate that LWD is
expected to be on the low end of the range folagusg adequate soil




productivity. A project design element requires gle@eral retention of 5 to 15
tons of down woody material per acre. Harvest distoce is expected to set back
recovery (live and litter ground cover) 2 to 3 ygeat minimum.

Table 12. RHCA acres by alternative

Alternatives
Logging
Systems A C D E
Int.* | Per.** | Int. | Per. | Int. | Per. | Int. | Per.
Helicopter 388 | 289 0 0 0 0 0 0

Skyline cable 67 186 0 0 0 0 0 0

Tractor/Roadside 406 | 635 406 635 | 358| 586 | 297| 565

Total 930 | 1041 | 406635 | 358|586 | 297| 565

*--Intermittent streams, **--Perennial streams

The only difference between Alternative A and Ghis exclusion of skyline and
helicopter logging in alternative C (Table 4). ®ieeper slopes associated with these
latter harvest techniques have the greatest patdatierosion under the current
conditions. That logging would not occur on thelspas under alternative C and
therefore would not set back the timing of recoyg@rymarily of soil cover, substantially
reducing potential erosion by a factor of two (Bgere 3), on 6,219 acres (Table 4)
when compared with Alternative A.

1.1.2.4 Alternative D — Direct, Indirect, and Cumul ative Effects

Alternative D is inclusive of roadside hazard witiilternative A and a modified
and decreased tractor harvest of 40 of the 188 onisub-units, included in
Alternative A, already described above (Table 4ye€ miles of temporary roads
are constructed for this alternative with a singfiannel crossing and entry into
RHCA. The principle difference between ground Haesevest of this alternative
and those of Alternatives A and C is the eschewingnits not accessible by the
existing forest road system. Regarding a waterblast of runoff and detrimental
soil impacts differences are not substantial betwgernative D and
Alternatives A and C (Table 8). In terms of potahsiediment delivery to
channels, and given the greatly more disturbansecéted with ground based
harvest to other methods, and the degree of hamtsh RHCA's (Table 12),

this alternative again may not differ substantiieyn alternatives A and C.

Large woody debris component of the forest flodt decrease gradually out to
thirty years, to marginal levels to maintain saibguctivity. A project design



element requires the general retention of 10 tB&6 per acre of large down
wood. Ground base harvest will set back recovepmast floor by 2 to 3 years
are a minimum.

1.1.2.5 Alternative E — Direct, Indirect, and Cumul ative Effects

Alternative E is inclusive of the roadside hazashtment element within
Alternative A, already described above (Table 4).téimporary roads or landings
are proposed with this alternative. These redustibowever, do not alter
substantially the condition for any of the analyretersheds (Table 8). The
amount of harvest within RHCA's is similar to tracharvest in RHCAS in
Alternatives C and D, and not substantively difféfeom Alternative A (Table
12). This simply points up that most of the RHC AJast entries are along
already existing forest roads.

Over the next thirty years after harvest the LWInhponent of the forest floor
will gradually decrease, due to lack of recruitmieain proposed biomass
removal, to levels that are marginal for soil protility. It is expected that
harvest will also set back recovery of the forésdif by 2 to 3 years.



