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ABSTRACT

We examined long-term changes in daily streamBow associated with fore
(195992017) in the Alsea Watershed Study, Oregon Coast Range, Pacipc Northwest, USA.
response of daily streamBow to (1) harvest of maturelold forest in 1966, (2) 43- to 53yr an
industrial plantation forests in 20062009, and (3) logging of the plantations usi

tices, including retention of a riparian bu
Douglas-br plantation was 25% lower on average, and 50% lower during the su
2006 to 2009), relative to the reference watershed containing maturefol

six or more months of each year. Surprisingly, contemporary forest pract

wiith riparian bu ! ers in 2009 and 2014) had only a minor e

in 2014, summer streamBow debcits were similar to those observed prior to harv

plantations). High from rapidly v
from the residual plantation forest in the riparian bu

debits after logging of nearly 100% of the forest plantation. Results of t
rotations of Douglas-br plantations can produce persistent, large summ
cutting of these plantations, with retention of riparian bu

retum to pre-rst entry conditions. Further work is needed to examin

forests along with expected warmer, drier conditions in the future m

aquatic ecosystems.

stry practices over a 60-year period
We quantiped the
d 48- to 58-yr-old

ng contemporary forest prac-

! er, in 2010 and 2014. Daily streamBow from a 40- to 53-yr-old

mmer (June 15 to Sept 15 of
d forest. Low Row debcits persisted over

ices (ie. clearcutting of the plantation

! ect on streamBow debcits. Two years after logging
est (under 40- to 53-yr-old
egetation, including planted Douglas-br, and
! er appeared to explain the persistence of streamBow
his study indicated that 40- to 50-yr
er low Bow debcits. While the clear-
1 ers, increased daily streamRow slightly, Bows did not
e how intensively managed plantation

ay inBuence summer low streamBow and

1. Introduction

Climate change, natural disturbances, and human activities hav
raised concerns about both the short- and long-term e
supplies originating from forests (
). Much of the concern
result of dramatic increases in disturbances in forestsNa trend pro-
jected to continue in many regions globally (
). Widespread forest disturbance may alter forested head-
water watersheds, whose structure, composition, and health inBuence

water supplies for aquatic ecosystems and for downstream uses (

Corresponding author at: 280 Peavy Hall, College of Forestry, Oregon State Univ
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is, in part, the

Longterm data from experimental watershed studies provide key

information about e

! ects on water

! ects of environmental change on water supply

Over the last century, paired watershed studies in North America (e.

Wagon Wheel Gap Project, H.J. Andrews Experimental Forest, Caspar

Creek Experimental Forest, Hubbard Brook Ecosystem Study, Coweeta

Hydrologic Laboratory, and the Alsea Watershed Study) have revealed

e ! ects of forest practices on streamBow over the short-term (

) and the long-term (

Much of the paired watershed research has focused on forest man-

agement e ! ects on peak Rows and annual water yields (

ersity, Corvallis, OR 97331, USA.

(C. Segura).

20 February 2020
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) and factors inBu-
encing variabilty in these responses (
). The recent global expansion of industrial plantation
forestry (e.g., ) has raised concerns about the long-
term hydrologic e | ects of forest plantations (
). Experimental watershed studies have provided evidence that
low Rows may increase in the brst decade following harvest of mature

or old-growth forest (with and without riparian bu 1 ers), but low Bows

may decline in subsequent decades, as vegetation regenerates (

However, few studies have su
of forest harvest and plantations on summer low Rows. In a recent
analysis of 60 years of daily streamBow data from eight paired water-
sheds in the Cascade Range, Oregon, USA, summer stream@ow fell
below pre-treatment levels within 15 years after old-growth forest
harvest ( ). Additionally, these low Bow debcits
persisted and intensiped for ~50 years as the Douglas-Pr ( Pseudotsuga
menziesii ) plantations became established  (
Long-term declines in low Rows associated with forest harvesting and
plantations raise concerns about aguatic ecosystem health and wate
supply, especially in dry years (
)

Despite these observations, several important questions about the
magnitude and longevity of the e ! ects of forest harvesting and in-
dustrial plantation forestry remain unanswered. Thus, research from
long-term watershed studies is needed to compare streamBow response
to harvest of mature and old-growth forest with the streamBow re-
sponse to contemporary forestry practices, which involve clearcutt
of 30- to 50-year plantations with riparian bu ! ers. Harvest of planta-
tions may temporarily increase summer low Bows (

). but it is unclear whether contemporary forest prac-
tices can restore low Bows to levels produced by mature and old-growth
forest. The Alsea Watershed Study in the Oregon Coast Range provided
a unique opportunity to address these uncertainties. The study include
an initial phase of harvest of maturefold forest (195991973) (
). growth of Douglas-br plantations, a second harvest in

2009 of 43- to 53-yr-old and in 2014 of 48 to 58-yr-old plantations
using contemporary forestry practices, including a riparian bu ! er, and
a bnal post phase (201562017) with riparian trees 51- to 61-yr-old. We

addressed the following questions:

1) How did harvest of 43- to 58yrold Douglas-pr plantations with
fiparian  bu ! ers inBuence streamBow compared to harvest of un-
managed maturelold forest in the Oregon Coast Range, Pacipc
Northwest, USA?

2) What processes explain these responses in the Alsea compared to

other long-term watershed experiments in the region?

2. Study site

The Alsea Watershed Study (445 iN, 1239 {W) was established in
September 1958 ( ). The study area is located in the Siuslaw Na-
tional Forest in the central Oregon Coast Range, draining highly-dis-
sected terrain with short, steep, soil-mantled hillslopes underlain by the
Tyee Formation, a rhythmically Eocene interbedded sandstone and
mudstones deposit ( ). In general, the soil textures of
these watersheds are loams and gravelly loams on the hillslopes and
valley bottoms and clay loams on the ridges,

The region has a Mediterranean climate with dry summers and wet
winters. The mean annual precipitation (MAP) (198192010) of the
study region is 2192 mm (PRISM Climate Group, Oregon State
University, , created 4 Feb 2004). The
majority (75%) of precipitation occurs from October to April in long-
low-to-moderate

duration, intensity ~ frontal  storms

Snowfall rarely accumulates, so snowmelt is not a factor in the water

cient data to reveal long-term e ! ects

-RXUQDO RI +\GURORJ\

balance ( ). Precipitation and air temperature
data were collected at the study watersheds for only part of the study
period (195992017). The MAP at a nearby NOAA Station (No. 350145)

did not di I er signibcantly between the historic pre-treatment period

(195991965) and the post Prst entry period (1967D1973) or between

the pre-second entry period ( and Phase | 4) or
Phase Il (2015D2017) of the second entry period (
A ). In addition, monthly precipitation at the NOAA
station  was  staionary  over  the  study  period  (195982017)
( ). Nevertheless, the spring and

summer of 2015 and 2017 were very dry (below the 15th percentile)
compared to 2006 through 2014 ( . )
Mean annual temperature (MAT) was 108 {C for the period
19502017 (estimated from PRISM (Climate Group, Oregon State
University, . created 4 Feb 2004). The
MAT was not signibcantly di | erent between pre (195991965) and post
(1967D1973) brst entry or between the pre-entry (200692009) and
Phase | (2010D2014) of the second harvest. However, temperature was
statistically higher during the Phase Il (201502017) compared to the
200602014 period ( A ). Temperature
was cooler than average for Phase | (2010D2014): four out the bve years
were below the 20th percentile and two years were below the 10th
percentile ( ) ). The temperature was
very warm (above the 85th percentie) during six months of 2015
(October, December to March, and July) and during four months of
2016 (October, February, Apri, and May) (
)

The Alsea Watershed Study is located within the Tsuga heterophylla

vegetation zone ( ). The forest canopy is
dominated by conifer species (Douglas-Pr [ Pseudotsuga menziesii ] and
western hemlock [ Tsuga heterophylla ). Deciduous hardwood ~species
(red alder [ Alnus  rubra ] and big-leaf maple [ Acer macrophyllum ] also
are common ( )
Understory species are dominated by salmonberry ( Rubus ~ spectabilis )
vine maple ( Acer circinatum Pursh ). salal ( Gaultheria shallon Pursh ). and
sword fern ( Polystichum munitum (Kaulf) C. Presl)
3. Watershed and treatment descriptions
3.1, Flynn Creek

The reference watershed, Flynn Creek (210 ha), is located on U.S.
Forest Service land and is undisturbed by human activities ( )
Flynn Creek was designated a U.S. Forest Service Research Natural Area
in 1975. Mean elevation is 272 m and the mean watershed slope gra-
dient is 25. The gravel bed steam has a gradient of 0.025 m/m
( ) and summer mean wetted width of 1.3 m (

). Canopy closure, as assessed with a spherical densiometer along
the stream channel, was 91992% between 2006 and 2012. Vegetation
consists of two tree height cohorts ( ) ) one at 32 m, cor-
responding to an estimated 60B70% cover of red alder and big-leaf
maple, and another at 54 m, corresponding to an estimated 30D40%
cover of Douglas-br regenerated after bre in the mid to late 1800s (
)

32. Deer Creek

Deer Creek (311 ha) is mostly on U.S. Forest Service land and was
historically used to examine the impact of road building and extensi ve
forest management on water quality ( ). The mean
elevation is 304 m and the mean gradient is 27i. The gravel bed stream
has a gradient of 0.018 m/m and summer mean wetted width of 1.8 m
( ). Roads were constructed in 1965 ( ) and
three 25-ha patch clearcuts were harvested between May and No-
vember 1966, using high-ead cable yarding with a riparian bu 'er
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Tree height distributions

Deer Creek
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Fig. 1. Location and elevation of the Alsea Watershed Study and 2009 LiDAR derived tree height distribution in the three experimental watersheds of D

Flynn Creek, and Needle Branch. Lidar acquisiion occurred after the

portion of the watershed

along all streams ( . Table A). Cutover units were broadcast burned
and hand-planted with Douglas-br, followed by herbicide treatmen
control competing vegetation. Between 1978 and 1988 the USDA Forest
Service (USFS) intermittently clear-cut harvested and thinned th
small units totaling 44 ha ( .

in three management units in Deer Creek around 2006. This thinning

was not a part of the study and details on the exact area and basal area

). The USFS also thinned 59 ha

2009 harvest in Needle Branch. Tree heights were obtained from the unh

of Needle Branch were clear-cut (

ts to 100% of the watershed area was clear-cut between 1956 and 1966,
Hence, the pre-treatment relationship between Needle Branch an
ree Flynn Creek (1959D1966) reRects, in part, the conversion of 17% of

Needle Branch from old forest to young plantation in 1956. At the time
of the second harvest entry (2009), plantations in Needle Branch were

aged 43 to 53 years. Precommercial thinning occurred in 1981

20 40 60 80
Tree Height (m)

100

eer Creek,

arvested (lower)

). Therefore,

removallretention are not currently known. These thinning operat ions ( ). During the second (contemporary) harvest
may have a ! ected streamBow to some extent, but given the smal entry, the upper sub-watershed (34.9 ha) was clearcut harvested in
spatial extent it is unlikely they a | ected the overall bndings of our 2009, and a lower section (36.8 ha) was clearcut in 2014 for a total

analysis for Deer Creek.
In 1959, vegetation consisted of 60D64% conifer forest dominated
by postbre Douglas-br (50870 and 70P110 years old) and 36D40%

cover of 40 to 60-year-old deciduous hardwoods (

). As of 1992, vegetation

cover was 36% hardwoods, 33% pre-harvest conifers, and 31% re-
generated conifer (

tree heights in 2009 LiDAR data with a mode of 24 m (

3.3. Needle Branch

Needle Branch (75 ha) is located on private industrial forest land

and has served as the treatment watershed to examine historical
(1960s) and contemporary (2000s) intensive harvesting practices. The

mean elevation is 225 m and the mean gradient is 24i. The gravel bed
steam has a gradient of 0.014 mim (
summer channel width of 1.1 m (

along the steam channel was 96% in 200602008 and 89% in
2010D2012. Roads were constructed in 1965 (

watershed was 82% clearcut in 1966, with a combination of high-lead

cable and tractor yarding. There was no fiparian bu

yarded across the stream, and large wood and logging debris were
cleared from the channel after clearcutting. The site was broadc

burned,

hand-planted with Douglas-pr, and treated with herbici

( ). In 1956, 13 ha (17% of the drainage area) in the headwaters

), producing a multi-modal distribution of

clearcut of 96% of the drainage area (

completed using cable and tractor equipment. All trees in the cu
area were removed, including along three small, non-bsh-bearing tr
butaries, but a ~15 m riparian management area was retained on eac

side of the bsh-bearing portion of the stream in accordance with the

Oregon Forest Practices Act and Rules (ODF, 1994). The  riparian
management area contained a minimum of ~ 3.7 m
). per 300 m of stream length and four to bve wildiife leave trees per

hectare, as recommended by the Oregon Forest Practices Act (

). Both clearcuts were

tover

conifer basal area

). Aerial spraying of herbicide (a mixture of Accordl

XRT Il [glyphosate], Chopperl Gen Il [imazapyr], and Sulfometl Extr

[SMM and MSM]) occurred in August 2010 (

studies examined e ! ects of these treatments on water
( ). suspended sediment (
( ).

) and a mean In 1959, vegetation consisted of 80D85% conifer forest dominated

). Canopy closure by post-bre Douglas-br (709110 years old) with some western red cedar
( Thuja plicata ) (30850 years old) (

) and the ).

harvest, vegetation was ~ 80% conifer and ~ 20% hardwood (

1 er, trees were

). At the time of the contemporary harvest (2009), vegetation was

even-aged 43-yr-old Douglas-br in 82% of the watershed and 53-yr-old

ast- Douglas-Pr in 17% of the watershed with red alder occupying a sig-
de nibcant portion of the riparian corridors. Mean tree height in the wa-
tershed in 2009 was 28 m ( ).
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Table 1

s of study watersheds.

Characteri

Logging method

Treatment, dates

StreamBow record, missing days,

Natural vegetation

Elevation (m)

Mean Siope

Area (ha)

Watershed

instrumentation

(degrees)

none

19591073 (47 days);

60D70%

30940% Douglas-br (90D100, 130D170 yrs)

1600444

210

Fiynn Creek

200602017 (214 days); broad-

deciduous (alder, maple)

(reference)

crested concrete weir

High-lead cable

1965: Roads; 1966: 25% clearcut in three 25-ha paiches

105901073 (43 days);

1950; 60B64% Douglas-br (50D110 yrs), 36D40%

1690504

a1

Deer Creek

yarded

er, broadcast burning, manual

vith riparian bu

broad-

200602017 (672 days);

including 31% 26-

deciduous; 1992: 64% Douglas-br

planting, herbicide; 1978D1988; three clearcutsithins

crested concrete weir

yr plantation), 36% deciduous,

(44 ha)

High-lead cable

1956: 13 ha in the headwaters were logged (

19591973 (65 days);

1959: B0DB5% Douglas-br (70B110 yrs), western red

1350373

Needle Branch

yarded, some

): 1965: Roads; 1966: 829% clearcut, no

200602017 (112 days); broad-

cedar (30950 yrs) and 15D20% Alder; 1992: 80% 26-yr

tractor yarding

er, stream wood removal, broadcast

fiparian bu

crested concrete weir

Douglas-br plantation, 20% deciduous; 200992014;

burning, manual planting, herbicide; 1981: pre-

44-y1 Douglas-brplantation

commercial thin; 2009: upper 34.9 ha clearcut; 2014:

e A 33ha

lower 368 ha clearcut, 15-m fiparian bu

block in southwest extent of the watershed was not

erent ownership.

harvested due to di

-RXUQDO RI +\GURORJ\

4. Methods
4. Discharge record

StreamBow data were collected continuously during two periods. In
the historical period, 1959 to 1973 (15 water years) data were tabu-
lated at ~2-hour intervals, including seven years each of pre- and post
harvest data. In the contemporary period, 2006 to 2017 (12 water
years), data were collected at 10-minute intervals, including three
eight years of pre-harvest data ( . )
The watersheds were instrumented in 1958 with compound broad-
crested concrete weirs located at the watershed outlets of Flynn Cree
Needle Branch, and Deer Creek (Haris, 1977b). StreamBow was
monitored by the USGS from 1959 to 1973 by the Watershed Research
Cooperative from 2006 to 2017 ( ). For the con-
temporary record (2006 to 2017), rating curves were developed based
40 to 55 stagedischarge data points collected for each watershed
( ). The historic record was practically complete, with
less than 1% missing data, but there were 3D15% missing data in the

contemporary record ( . )

4.2. Daily average streamBow

E ! ects of forest harvest were calculated following methods in

The di 1 erence ( R ) in mean
daily Bow (
reference ( Q ) watersheds was calculated for each day between 1959

and 1973 and between 2006 and 2017:

Qr
Qr

R=1In

Q , corresponded to the mean daily Bow in Flynn Creek, while
was the mean daily Bow from either Needle Branch or Deer Creek. An
R = 0 represented no di | erence in Q between a treatment and the
reference, while values >0 or <O represented increases or decreases i
discharge relative to the reference.

Mean daily di ! erences in daily Bows between treated and reference
watersheds (Rd) were calculated for each day ( d) and compared for
various combinations of Pve pre- and post- treatment periods (

Each comparison was expressed as a percent di | erence for a given day

(# 4)
Ag = 100[eRdfost—RaPrd — 1

Values of # . were smoothed using a 15-day window (
). The bve time periods were: 195091965 (before brst

entry), 196601973 (after brst entry), 200692009 (before second entry),

201002014 (after second entry Phase ), and 201502017 (after second

entry Phase 1) ( ). Multiple comparisons were made among the

various  Opre® vs. Opost® time periods ( . ). For Needle

Branch (harvested) vs. Flynn Creek (reference), values of R betore rst

entry (Opre0) were compared to the following Opost® periods: () after

brst entry, (b) before second entry Phase I, (c) after second entry Phase

I, and (d) after second entry Phase Il ( , Prst four rows, column 2,

solid arrows ). In addition, for Needle Branch (treated) vs. Flynn

Creek (reference), values of P were compared before the second entry

(Opre0) to the following OpostO periods (a) after second entry Phase |

and (b) after second entry Phase II ( . fows 3 and 4, column 3,

dashed arrows). For Deer Creek (harvested) vs. Flynn Creek

(reference), values of G vetore brst entry were compared to (@) after

brst entry and (b) 40D51 years after the brst entry ( , rows 5 and

6, column 2, solid arrows). There was no second harvest entry in

Deer Creek as a part of this study design.

Annual water yields were compared between the treated and re-

ference watersheds for various time periods to (1) determine whether

annual water yields in the second entry pre-harvest period (2006D2009)
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[] FlynnCreek
1 Flynn Creek Needle Branch
|:| Flynn Creek Needle Branch |:| Deer Creek

Needle Branch |:| Deer Creek Patch-cut, 1978,
[_1 Deer Creek Patch-cut 1965 1987 & 1988

600

(I Flynn Creek ] Flynn Creek

[ Flynn Creek Needle Branch Needle Branch

Needle Branch Deer Creek (I Deer Creek
Deer Creek Clear cut 2009 Clear cut 2014

Fig. 2. Aerial view of the Alsea Watershed Study in 1959 (pre-Prst harvest entry), 1969 (post-brst harvest entry), 1994 (postthinning from 1978 to 1988 in Deer

Creek), 2005 (pre-second harvest entry), 2014 (post-second harvest entry, Phase | ). and 2016 (post-second harvest entry, Phase Il).

were similar to the Prst entry pre-harvest period (195991965), and (2) in these headwater watersheds. However, we believe that this infra

to compare the e ! ects of the brst and second harvest entries on water structure was su ciently robust to detect long-term changes in daily

yields (see and ) Rows. The provides a comprehensive e ! oot to
Changes in daily streamRow from the Alsea Watershed Study were conbrm that these analyses are robust.

also compared to long-term watershed experiments in the Cascades of

Oregon that used the same methods of analysis (

5. Results
).
Here we report analyses of e ! ects on daily streamBow from (1) the

43. Uncertainty historical (Prst entry) harvest in Deer Creek (25% patch clearcut

of ~ 110yr forest with riparian bu ! ers) and Needle Branch (82%

To account for uncertainty in drainage area and rating curves, es- clearcut of ~ 110-yr forest with no riparian bu ! en), (2) 40B5Lyr old

timated annual water yields for the historic and contemporary peri ods forest plantation growth in Deer Creek and 40D6lyr old forest plan-
were compared, assuming di ! erent combinations of estimated drainage tation in Needle Branch (including areas clear cut in 1956 and 1966),
area and rating curves ( . ). Based on and (3) the contemporary harvest (second entry) in Needle Branch
this analysis we opted to use the lidar-derived drainage area estima tes (96% clearcut of 43D58 yrold plantaion with riparian  bu )
and the rating curves specibc to the historic and contemporary per iods ( ).
(Method 1 in the o). Analysis of stream@ow data from Flynn Creek (reference) indicated

We note that the Alsea Watershed Study gauging infrastructure was that streamRow at the long-term reference site was stationary. In oth er

not designed and constructed to provide high resolution low Bow words, there was no evidence that daily streamBow had changed over

measurements, but rather to capture the range of streamfBow generat ed the period of record (1959 to 2017) in the reference watershed, except
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Fig. 3. Available discharge record in Flynn Creek Gauge (FCG), Needle Branch Gau

historical harvest occurred in 1966 and the contemporary harvest occurr

for one day in early February when mean daily streamBow decreased

by ~2% ( p = 0038
associated with ongoing forest succession in Flynn Creek, such as se-
nescence of riparian alder, were observed anecdotally, they did not
produce detectable changes in streamBow over time at Fiynn Creek,
and therefore did not appear to a !
study.

The comparisons of daily Rows are presented here in terms of per-
cent di ! erence in ratios of the treatment to reference Bows (Eq.

The changes are presented in absolute di !

1964 1966 1968

ed in 2009

). While changes

ect the changes quantiped in this

erences in unit-area stream-

1970

1972 2006 2008 2010 2012 2014

ge (NBLG), and Deer Creek Gauge (DCG) between water years 1959 and 2017. The

(Phase 1) and 2014 (Phase Il).

streamBow ( ). During the Prst seven years after clearcutt
1966, daily streamBow increased, on average, by 19% in Needle Branch
(82% clearcut) and 6% in Deer Creek (25% patch clearcut) (
). On average, mean daily streamBow increased signibcantly on
235 days of each water year (64% of the days) in Needle Branch and
186 days of each water year (51%) in Deer Creek during the Prst seven
years after clearcutting. The 82% clearcut harvest in Needle Bran
primarily a ! ected streamRow during the fall, producing increases of

60% (range: 26098%) in daily streamBow from late September through

November, with smaller (14%) increases in the spring (May 15 to June

2016

ing i

Bow (mm) in the B ( )- 30) and small decreases (-10%) in summer (July 1 to September 15)
( A, red line). The 25% patch clearcutting of ~ 110-yr-old forest in
51 E I ects of inital harvest of ~110-yr-old forest on daly streamBow Deer Creek in 1966 also primarily a ! ected daily stream@ow in the fall
(Up to 30% increases in mid-September to mid- November) and late
Clearcutting of ~110-yr-old forest in 1966 initially increased spring (up to 25% increases in June) ( A, blue line).
Table 2
Percent (%) change in streamRow in the harvested watersheds relativ e to the reference watershed (Flynn Creek) by time period after cle arcutting of ~110-yr old
forests, growth of 40- to 53-yr-old forest plantations, and clearcutting of 43958- yr-old forest plantations in the Alsea watersheds.
Treated watershed Time period % change relative o brst pre-tie ament period (1959D1965) % change relaiive 1o second pre-treatment period (200602009)
Water year June 1- Sept 15 Water year June 10Sept 15
Needle Branch (82% clearcut ) 196701973 19 ( $ 20 to 98) $ 3( % 20t 29 2] o
Needle Branch (82% plantation ) 200692009 $ 25( $ 59 029 $ 50( $ 5910 $ 35 B E
Needle Branch (48% clearcut) 201092014 0 ( $ 35 10 60) $ 21 ( $ 3510 18) 53 ( $ 26 to 179) 76 (47 10 126)
Needle Branch (96% clearcut) 201502017 $ 6( $ 49 to 46) $ 36( $ 4910 $ 8 a1 ( $ 27 to 141) 49 ( $ 3 to 141)
Deer Creek (25% patch clearcut) 196601973 6 ( $ 12 10 31) 4 ( $ 12 10 25) 2] o
Deer Creek (25% plantation) 200602017 $ 3($ 281018 $ 14 ( $ 271012 B E

13 ha in the headwaters of Needle Branch had been logged in 1956 (
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Pre-treatment
(1959-1965)

clear cut

Needle in 1956

Branch

Comparisons

Flynn
Creek
Reference,

Comparisons

Deer
Creek

Fig. 4. A bgure illustrating the di
(Needle Branch, Deer Creek) relative to the reference watershed (FI

and

Fig. 5. Change in mean daily streamRow relative to the pre-harvest period (195991965) r
change in daily streamBow relative to the pre-treatment (1959D1965) relati

reference watershed (Flynn Creek). A: 1 to 7 years after (196791973) in Needle Br

40952 years after (200692017) in Deer Creek; and C: Needle Branch 105 years after (201092014) sec

Phase II.

52. Longterm e ! ects of plantations forest on daily streamBow

Replacement of ~110-yrold conifer forest with 40P53-year-old
plantations ~ decreased daily stream@ow in Needle Branch and Deer
Creek ( ). During 200692009, the period 40D43 years after 82%
harvest and 50953 years after 17% harvest and planting of Douglas-pr

in Needle Branch, daily streamBow was, on average, 25% lower than

the reference watershed ( B, red line). In contrast, 40B51 years

First entry
(1966)

82 % Clear cut

25% Patch cut

! erent time periods and treatments used for comparisons of daily streamfow

-RXUQDO RI +\GURORJ\

40 to 50-yr-old planta-
tion (2006)

Second entry Phase |
(2009)

Clear cut
upper watershed

«->
Comparisons

<€ — — —- — —

- Mature/old forest

<€ P Comparison relativ

ynn Creek). The changes in streamBow associated with these comparisons ar

elationship with Flynn Creek (reference). Zero on the y-axis indicat
onship between the harvested watershed (Needle Branch, Deer Creek) r
anch and Deer Creek; B: 40D43 years after (2006D2009) in Needle Branch and

ond entry Phase | and 193 years after (201592017) second entry

after  25% harvest and planting of Douglasbr in Deer Creek

(2006D2017), mean daily stream@ow was, on average, 3% lower than

the reference watershed ( B, blue line).
Decreases in streamBow were greatest during the summer low Bow

period ( 8, ). During the period 40D43 years

harvest (and 5053 years after 17% harvest) and planting of Douglas-pr

in Needle Branch, mean daily streamBow between June 1 to September

15 was 50% lower than the reference watershed (
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%53,

T T T harvest (2015D2017) and increases occurred on average  during
? +| ' < 0 %E>
P@AHS BSAI$C$ D3%34D3%E 320 days of each water year ( . orange line). Relative increases in
?@A#$+B8A'SCC$<D3%[4D3%F>
D33G4D33HS$I'8/IKAS1L streamBow were greater after the harvest of the young forest plantati
033 i than after the harvest of maturefold forest ( )
A Over the water year as a whole, the second harvest did not restore
I
é/:} streamBow to the levels produced by mature/old forest in the referenc
& watershed.  When  compared  to  the iniial  pre-harvest  period
=
o 53¢ 1
& (195991965), mean daily streamBow in Needle Branch was unchanged
(0% change) in the Pbrst bve years (2010D2014) after Phase | of the
< hange) i th ¥ fter Ph i th
o) second harvest, and it was 6% lower in the three years (2015D2017)
H
'0\0 3 4 after Phase Il of the second harvest entry (2014) ( C orange and
© magenta lines, ).
Summer streamBow increased after the harvest of 43- to 53-yr-old
plantation forests, but then quickly declined, and remained lower t
summer streamBow in the mature/old forest reference watershed. That
is, relative to the second pre-h period 40D53-yr-old
I I I I I I
i June 1 to 15 increased by 76% in
1"#$% &"$% ()$% *+,$% -1$% *0$% 1'+$23
the Prst bve years after Phase | of the second harvest (201092014) and
Fig. 6. Relative change in mean daily streamBow between the reference wa - by 49% in the Prst three years after Phase Il of the second harvest
tershed (Flynn Creek) and the harvested watershed (Needle Branch) bet ween (201502017) ( . orange and magenta lines). In contrast, relative to

the pre-harvest period of the second entry (200692009) and the post-harvest
the Prst pre-treatment period (195991965 110-yr-old forest) mean

periods, 2010p2014 (1D5 years after second entry Phase ) and 201582017

daily streamRow during June 1 to September 15 decreased by 21% in
(193 years after second entry Phase ).

the Prst bve years (2010D2014) after Phase | of the second harvest and

decreased by 36% in the Prst three years (2015D2017) after Phase Il of

contrast, 40D51 years after 25% harvest and planting of Douglas-br in the second harvest ( C. orange and magenta lines). After the

Deer Creek, mean daily streamfiow during June 1 to September 15 was second harvest, streamfBow from the harvested watershed was sig-

14% lower than in the reference watershed ( B, blue line). nibcantly lower than in the reference watershed for an average of

138 days of each water year between 2010 and 2014 and 168 days of

each water year between 2015 and 2017 ( C, orange and magenta
53. E ! ect of the second harvest on daily streamRow

lines). In other words, the combination of 1- to 3-yr-old Douglas-br

plantation in the lower half of Needle Branch, 5 to 8yr-old plantati

After the Prst (2009) and second (2014) phases of the contemporary
in the upper half of the watershed, and 49- to 61-yr-old Douglas-Pr and

harvest period (second entry) in Needle Branch, daily streamBow in-

red alder in the riparian bu ! er zone produced similar  summer
creased relative to the pre-harvest 40- to 53- yr-old forest plantation
streamRow levels to the 40- to 53-yr-old plantation ( ).
conditions, but summer streamBow debcits persisted ( . c
orange and magenta lines). When compared to the second pre-harvest
period (200692009), mean daily streamBow in Needle Branch in- 5.4. Comparison with other long-term paired watershed studies in the
creased by 53% in the Prst bve years (2010D2014) after Phase | of the
second harvest ( . magenta line). These increases occurred on The observed 50% declines in summer streamBow from 40- to 53-
average during 308 days of each water year. The highest increases in yr-old Douglas-br plantations at Needle Branch, relative to the ma
daily Bows after Phase | of the second entry (201092014) occurred in old forest reference watershed, were comparable to those detected for
the late summer ( ) , magenta line). Also, when compared similar aged Douglas-br plantations in the H.J. Andrews Experimen
to the second pre-h period mean daily Forest (Watershed 01, AND1) and the Coyote Creek (Coyote 03, COY3)
increased by 41% in the Prst three years after Phase Il of the second watersheds in the Oregon Cascades ( A). Summer  streamBow
Fig. 7. (A) Relative change in mean daily Bows between the reference wate rsheds (Flynn Creek, FCG, AND2, and COY4) and 100% clearcut watershed covered wi
36D53yr old plantations (NBLG, AND1, and COY3) in the Alsea (FCG, NBLG), the H.J. An drews Experimental Forest (AND2 and AND1), and Coyote Creek
Experimental forest (COY3 and COY4). Also 25% patch cut watersheds in Alsea (FCG, DCG) (B) Mean summer (June 1DSeptember 15) relative change in daily Bows

between reference and treated watersheds versus percent clear cut in 35953yr old forests.
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debcits were more persistent in Needle Branch (May to December) and
in COY3 (May to November) than in AND1 (June to September) (

A). The magnitude of summer streamBow debcits also was related to
the proportion of watershed area in young (30- to 50-yr-old) plantations

in several of the paired watersheds at the H.J. Andrews, Coyote Creek,

and Alsea (

B) ( ). In
particular, 820100% cover of Douglas-br plantations ranging from 36 to

53 years of age in Needle Branch, ANDL, and COY 3 produced summer

dally streamBow dePcits of 30 to 51% relative to their mature and old-

growth forest reference watersheds. In contrast, 25% cover of Douglas-

br plantations in  Deer Creek and AND3 produced summer daily

streamBow debcits of 14D21%. Controlling for area of mature forest

converted to plantations, summer streamBow dePcits were smaller in

the Andrews Forest compared to Alsea and Coyote ( B).

6. Discussion

The longterm  steam@ow  responses  obseved in  the  Alsea

Watershed Study, along with results from other studies in the region,

suggest that the e ! ects of vegetation on evapotranspiration strongly

inBuence summer low RBows. However, these e ! ects may be moderated

by climate variabilty. In conjunction with other published work f

the Alsea Watershed Study, these results also indicate that summer low

Row depcits associated with contemporary plantation forestry, using

~40- to 50-yr rotations and fiparian bu ! ers, may limit bsh habitat

These pbndings are discussed in detail below.

6.1 Vegetation e | ects on evapotranspiration

The age, species and

density, stage of

vegetation appeared to a ! ect evapotranspiration, explaining many of

the observed streamBow responses. The 40- to 53-yr-old forest planta-
tions produced summer low Bow decits in Needle Branch because of

apparently higher transpiration of young trees, growing in dense,

plantation forest stands, compared to large, maturefold trees growin g
in less dense stands shaped by centuries of disturbance and succession

The greater relative increase in streamBow after the harvest of the

young forest plantation compared to increases after the initial ha rvest

of maturefold forest in Needle Branch ( ) indicates that the

evapotranspiration rates in the 40- to 53-yr old forest plantation were
substantially greater than in the primarily older forest that had b
harvested in 1966. Similar to other studies in the region that also in-

cluded historic harvesting (with no riparian bu ! ers), the magnitude of

summer streamBow debcits in Needle Branch were proportional to the

area of watershed in young forest plantations ( B). This provides

evidence indicating that the e ! ects of forest harvesting on evapo-

transpiration were additive in these headwater catchments (<3 km ).

These bndings are consistent with literature suggesting that tran-

spiration rates decrease with age in individual trees and as a result of

changes in forest structure during succession. Immediately after cle ar-

cutting, reductions in interception and evapotranspiration ~gene rally

lead to increased soil moisture and increased streamBow (

). However, over time vegetation regeneration can increase eva-

potranspiration and decrease soil moisture and summer  streamBow

). Young, fast-growing, densely

spaced trees typically have higher rates of sapBow compared to older
forest stands (

). which could contribute to summer streamBow debcits. For ex-
in South African watersheds as

ample, streamBow debcits declined

forest plantations exceeded their rotation ages (>15 yrs for Eucalyptus

grandis and >30 yrs for Pinus radiata ) ( ). si-

milarly, stem density, stomatal conductance, and photosynthesis de-
creased in 70D100-yr old compared to 20D40-yr-old loblolly pine stands

( ), indicating that tree physiological changes during
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later stages of forest succession may decrease summer evapotranspira-

tion and may increase summer streamBow in maturefold forests.

Summer stream@ow debcits under 40- to 53yr old plantations at

Needle Branch (Alsea) were comparable in magnitude to those reported
from similar aged Douglas-Pr plantations in other paired watersheds
Oregon (Andrews Forest, Coyote Creek) (

) indicating that Douglas-Pr plantations of similar age

have similar evapotranspiration rates relative to the maturefol

Old-growth forest reference stands in each of these three locations.
Contemporary forest practices (clearcut harvest of 43- to 53-yr-old

plantations with a riparian bu ! er) at Alsea did not restore summer low

Rows to levels produced by maturefold forest. Forest harvesting, with

riparian  bu ! ers, in the upper half of Needle Branch in 2009 increased

summer low Bows relative to the pre-harvest plantation, but these Bows

were still lower than those in the reference mature/old forest. This

response implies relatively high evapotranspiration by the remai

44- to 58yr-old Douglas-br plantations in the lower half of the wa-

tershed and the trees in the riparian bu ! er zone in the upper watershed,

compared to the mature/old forest in the reference watershed.

Surprisingly, after the remainder of Needle Branch was clearcut

with a riparian bu ! er in 2014, summer stream@ow debcits intensiped
and approached those under the former 40- to 53-yr-old plantations.
This response implies high evapotranspiration from the upper part of
the watershed with 6- to 8-yr-old Douglas-br and from residual trees in
the zone,

riparian  bu ! er suggesting that this vegetation can exert a

disproportionate e ! ect on

representing only a few percent of watershed area.

6.2. E ! ects of climate variability on low streamBow

Both spatial and temporal variation in climate appeared to a '

magnitude  and  duration of summer low Bow debcits. Summer

streamBow debcits at Alsea were of similar duration to those from
Coyote Creek in the southern Oregon Cascades, but lasted for more of
the year than those reported from similar aged Douglas-br plantation
in the H.J. Andrews Forest in the central Oregon Cascades (
). In addition, controlling for plan-
tation area harvested, summer streamBow debcits were smaller at the
H.J. Andrews Forest compared to the Alsea and Coyote Creek (
harvest of maturefold forest i

The brst seven years after the initial

Needle Branch (in the 1960s) produced much smaller increases in

average daily stream@ow and summer stream@ow than reported for
other paired watershed studies in Oregon, New Hampshire, and North
Carolina ( ). These di
ences may be explained in part by potentially high evapotranspi
demand from the re-growing vegetation in the 13 ha that were clear-

in Needle Branch in 1956, cooler winter temperatures and the presence
of snowpack at the Andrews Forest, seasonal snowpack and deciduous
forests at Hubbard Brook (in New Hampshire), and deciduous forests at
Coweeta (in North Carolina) ( ). All of these factors

may limit the period of summer debcits in these sites, compared to

locations with less snow, warmer winter temperature, and evergre
forest, such as the Alsea or Coyote study sites.

Temporal variation in climate also may have inBuenced the mag-
nitude and duration of summer streamBow debcits in Needle Branch
after the second harvest (201092017). Summer streamRow debcits in-
tensibed unexpectedly after Phase Il of logging during the second
harvest at Needle Branch (201592017). Summer conditions were hotter
and drier in Phase Il (2015P2017) compared to Phase | (201092013)
(see study site description). Controlling for plantation age, summer low
Row debcits were greater under plantations relative to reference
growth forest during hotter, drier years, when summer streamBow was
relatively low  ( ). StreamRow  responses to
clearcutting of old-growth and establishment of Douglas-br plantati
(Andrews AND1 and AND2) varied signibcantly between dry and wet

periods ( ). The hotter, drier conditions in 2015 to 2017
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may have intensiped evapotranspiration in the remaining vegeta tion, low streamBow and aquatic ecosystems.
overwhelming any increases in moisture after logging of the lower
watershed in Needle Branch Credit authorship contribution  statement
6.3. Implications for water quality and bsh habitat Catalina  Segura: c
Formal analysis, Data curation, Writing - original draft, Funding ac-
Persistent debcits in summer low Rows related to plantation forestry quisition. Kevin D. Bladon: Conceptualization, Writing -
have the potential to impact water qualty and aquatic ecosystem editing, Funding  acquisition. Je ! A Haten:
health. For example, maximum daily stream temperatures in Needle Wiiing - review & editing, Funding acquisition.
Branch rose by 715 iC in the Prst two years after clearcutting of ma- Conceptualization, Writing - review & editing, Funding acquisition
turefold forest, removal of riparian vegetation and instream wood, and Cody Hale: Witing - review & editing. George G. Ice:
burning of slash in the 1960s ( ). These stream & editing, Funding acquisition.
temperature increases occurred despite an increase in streamBow and
are similar to increases reported elsewhere (e.g., Declaration of Competing Interest
). In contrast, the second harvest in 2009 (of 43-to 53-yr-old
plantation) had litle e ! ect on stream temperature ( ) The authors declare that they have no known competing Pnancial
The lack of a stream temperature response to the second harvest is interests or personal relationships that could have appeared to inBu
likely related to the riparian bu ! er (ie., mean canopy closure over the ence the work reported in this paper.
stream was 96% before the harvest and 89% after the nharvest), the
relative post-harvest increase in daily streamBow we reported in this Acknowledgments
study (50D180%), and the groundwater and hyporheic sources of
summer stream@ow in the watershed ( ). We thank John Stednick and Je ! Light for their
Salmonid Psh biomass in Needle Branch appeared to have recovered commitment and dedication to the Alsea Watershed Study. The Oregon
to the pre-treatment 1959D1965 levels prior to the second entry, and State University Watershed Research Cooperative and directors Jon
late-summer total biomass of coastal cutthroat trout increased after Souder and Ame Skaugset contributed logistical and institutional sup-
harvest of the 43- to 53-yr old plantation ( ). The port to the Alsea Watershed Study. David Leer, Doug Bateman, Alex
reported 76% relative increases in summer streamBow between 2010 Iving, Tina Garland, and Amy Simmons provided Peld and laboratory
and 2014 and associated increases in stream perennial extent and support, and Mulu Fratkin and Emily Crampe assisted in aerial image
available habitat following the second harvest may partially exp lain the acquisition and analysis. This research was funded by the National
increase in bsh biomass after the second entry Phase I. However, it Council for Air and Stream Improvement (NCASI), Oregon Forest and
remains uncertain why Psh biomass recovered to original levels wh en Industiies ~ Council ~ (OFIC),  Plum  Creek  Timber ~Company  (now
streamRow was reduced under the 40- to 53-yr-old forest stand. Some Weyerhaeuser Company), the USDA National Institute of Food and
models suggest a 25D50% reduction in bsh habitat availabilty as a Agriculture  (Mclntire  Stennis  project OREZ YFERM
result of decreased summer low Row associated with regenerating National Science Foundation award No. 1440409 (Long-Term
young stands ). Research at the Alsea Water- Ecological Research at the Andrews Forest LTER). John Stednick, Je
sheds and elsewhere should continue to monitor Psh response to McDonnell, and three anonymous reviewers provided valuable discus-
changing forest and stream conditions. sions and helpful reviews of earlier versions of the manuscript.
7. Conclusion Appendix A. Supplementary data
StreamRow from a 40- to 53yr-old Douglas-Pr plantation in the Supplementary data to this article can be found online at
Alsea watershed in the Coast Range of Oregon was 25% lower on
average and 50% lower during the summer (June 1 to September 15),
relative to the reference watershed containing maturefold fore st. These References
low Bow debcits were similar in magnitude to those observed under
similar-aged Douglas-pr plantations in the Cascade Range of Oregon Adams, PW., Flint, AL, Frecriksen, RL., 1991. Long-term patterns in soi
High evapotranspiration rates from Douglas-br plantations appear od to revegetation aifer a clearcut of a Douglas-Pr forest in Oregon. For. Ecol.
(3), 2499263,
explain depcits from 40- to 50-yr-old forest plantations. Surprisingly,
contemporary forest practices (i.e., clearcut of 43- to 53-yr-old and 48-
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December 21, 2020 Via E-malil

Matthias St. John, Executive Officer

Jim Burke, Professional Geologist

North Coast Regional Water Quality Control Board
5550 Skylane Blvd Ste A

Santa Rosa CA 95403-1072
Matt.St.John@waterboards.ca.gov
James.Burke@waterboards.ca.gov

Re: Comments and Petiton 5SHJDUGLQJ *XDODOD 5HGZRRG 7LPEHU [/
Failure to Comply With the General Waste Discharge Requirements for
Discharges Related to Timber Harvest Activities On Non-Federal Lands in
the North Coast Region for Timber Harvest Plan 1-20-150 MEN (Far North
THP)

Dear Messrs. St. John and Burke,

On behalf of Friends of Gualala River 3)2*5 please accept and

consider the following FRPPHQWY HYDOXDWLQJ *XDODOD 5HGZRRG 7
3*57° SURSRVHG 7LPEHU2G-TSUMEN WardNorth@¥ +3° DQG

*5 7 abmpliance with the North Coast RHJLRQDO :DWHU 4XDOLW\ &RQWUR
1RUWK &RDVW %RDUG" *HQHUDO :DVWrDis¢char§géDUJIJH 5HT XL U

Related to Timber Harvest Activities on Non-Federal Lands in the North Coast

Region, Order No. R1-2004- S*HQHUDO :'5V”’ ‘H KDYH FDUHIXOO\ U

the Erosion Control Plan and Inspection Plan submitted by GRT. As submitted,

the plans fail to comply with the General WDRs. In addition, FOGR retained Greg

Kamman, PG, CHG, of Kamman Hydrology & Engineering, Inc. to prepare an

estimate of sediment volume from existing and proposed road surfaces within the

Far North THP as well as an estimate of sediment loading from appurtenant

roads for the THP based on available studies and information provided in the

THP. OU .D P P xafysis is attached as Exhibit A.

The Far North THP is located on the Little North Fork Gualala River. The
Little North Fork Gualala River which flows south into the North Fork Gualala
River, which in turn, discharges into the mainstem Gualala River. The entire
Gualala River watershed is listed as impaired by sedimentation.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdis/gualala
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_river/. The sedimentation issues within the Gualala River watershed have

significantly degraded and continue to cause harm to the once thriving salmonid

fishery in the watershed. In December 2001, the US Environmental Protection

Agenc\ SUHSDUHG D 7TRWDO OD[LPXP 'DLO\ /RDG 370'/" DGGUL
sediment impairment in the Gualala River. The TMDL was based in significant

part on the Technical Support Document 37 6 ' ‘prepared by staff of the

Regional Board. The TSD estimated the highest sediment loads from the North

Fork Gualala River. TSD, p. 98, Table 6.1. Relatedly, the TMDL shows that road

density within the North Fork Gualala River drainage is the highest density in the

entire Gualala River watershed +6.1 miles/square mile. TMDL, p. 14.

The purpose of the Gualala River TMDL is to identify the total load of
sediment that can be delivered to the Gualala River and its tributaries without
causing exceedance of water quality standards, and to allocate the total load
among the sources of sediment in the watershed. EPA established a TMDL of
475 tons/mi?/yr (10 year average). TMDL, p. 16. As part of that TMDL, EPA
establishes a waste load allocation for man-made sources totaling 95 tons/mi?/yr.
Road related and skid trail surface erosion, in particular, are allocated 12
tons/mi?/yr. The remaining TMDL is allocated to natural landslides and
streambank erosion (385 tons/mi?/yr). The TMDL notes that 3 >iJe@ that the
current rate of erosion which is associated with roads, road maintenance and
timber harvest practices is 840 tons/square mile/year, the [TMDL] analysis
implies that for the Gualala watershed significant reductions in human induced
erosion are needed to protect aquatic habitat and cold water fish. “Id. Despite the
coordinated effort to prepare the TMDL and the passage of almost two decades
since WKH 70'/YV HVW Dhe ®egiokd? Bb@rthas not adopted the TMDL
as part of its Basin Plan, as required by Section 303(d) of the federal Clean
Water Act. 33 U.S.C. § 1313(d)(2).

Applying the typical road assumptions identified in the THP, Mr. Kamman
estimates that current and proposed road related and skid trail surfaces within
the Far North THP, not including appurtenant or connecting roads, are and will
continue to emit 804 tons/mi?/yr. This substantial evidence provided by Mr.
Kamman shows that the rate of sediment being discharged from the area within
the Far North THP will exceed the loading allocation for road and skid trails
surfaces and even the waste load allocation for all sources, as applied to the
area of the proposed Far North THP, by more than 6,600 percent and 69
percent, respectively. In addition to those significant sediment sources, Mr.
Kamman separately calculated the annual sediment that likely is being
discharged from the appurtenant and connecting roads identified for the THP.
Based on information provided by the THP, he estimates an additional 510 tons
per year of sediment are discharged from those appurtenant roads, over and
above the sediment within the active Far North THP areas. As a result, GRT
FDQQRW EH DOORZHG WR HQUROO LQ WKH *HQHUDO :'5V EH
controllable sources within the THP are or will emit sediment from skid trails,
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road surfaces, harvest areas, and within the Gualala River and its flood zone that

JUHDWO\ H[FHHG WKH 70'/1V V HGAsRHeQU/ sGoRtEnGID OORFDWLRC
evidence demonstrates that in implementing the Far North THP as currently

designed, GRT will cause or contribute to violations of the applicable water

quality objectives IRU ZKLFK WKH 70'/fV ORDG DOORFDWLRQ ZDV G
attainment. GRT falls far short of its burden to demonstrate that the Far North

THP will not cause or contribute to ongoing violations of water quality

requirements within the Little North Fork and the downstream portions of the

Gualala River.

In order to achieve the identified maximum daily load for the Gualala River
watershed and to ensure the protection, indeed the continued existence, of
salmonids in the watershed, the Regional Board must ensure that the
requirements of the General WDR are vigorously implemented. In the absence of
an implementation and action plan for the TMDL +now almost two decades
overdue *the Regional Board must take steps to ensure that the status quo or
even modest improvements on current conditions not be mistaken for the
significant sediment reductions deemed the minimum necessary to meet the
% DVLQ 30D @gs\antkia ktleidquately protect Coho and steelhead in the
watershed. For the reasons discussed below, *57V VXEPLVVLRQV GR QRW PH
the requirements of the General WDRs and fall far short of the necessary
sediment reductions that would avoid contributing to the ongoing impairment of
salmonids and their habitat in the Gualala River watershed.

l. GRT $ APPLICATION TO ENROLL IN THE GENERAL WDRS MUST BE
REJECTED BECAUSE THE THP FAILS TO MEET ALL OF THE
CONDITIONS OF THE WDRS AND WILL CAUSE OR CONTRIBUTE TO
VIOLATIONS OF WATER QUALITY REQUIREMENTS.

A. The General WDRs

The evidentiary burden is on GRT to provide evidence to the Regional
Board establishing that the Far North THP meets each of the conditions of the
*HQHUDO :'5V *HQHUDO :NbtWwithdtan8ing arly other provision of
this Order, the burden is on the Discharger to demonstrate that each finding
required for coverage under this general waste discharge requirements can be
made, and that each and every term, eligibility criteria and condition has been
PHW”~ 7KH 5HIJLRQDO %RDUGTYTV ([HFXWLYH 2IILFHU 3(2° KTC
rescind) the applicability of the General WDRs to a particular THP if the EO
determines that 3> WRabjetd does not comply with any provision of these
General WDRs; [or] The Project is reasonably likely to result or has resulted in a
violation or exceedance of any applicaEOH ZDWHU TXDOLW\ UHTXLUHPHQW
WDRs, 8§ V.A1 & 2.
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Indeed, the General WDRs are automatically invalidated for a particular
THP if an eligibility criterion is not met:

Notwithstanding any other provision of this Order, no general waste
discharge requirements coverage shall be valid unless each and
every term, eligibility criteria and condition is met.

General WDRs, 8 IV.G. Likewise, the EO has a duty to deny coverage when
cumulative impacts and other water body specific risks and conditions are
present. Id., 888 IIl.C; V.A.4, V.A5 & 8.

The General WDRs include the following relevant prohibitions:

2. Discharges shall not cause or threaten to cause pollution,
contamination, or nuisance.

3. Discharges shall not adversely impact human health or the
environment or the beneficial uses of water set out in the Basin
Plan.

«

5. Discharges are authorized only where they do not cause or
contribute to a violation or exceedance of applicable water quality
requirements and are controlled through implementation of
appropriate project design and management measures for
prevention and minimization of waste discharges.

General WDRs, § IIl.A.
7KH WHUP 3ZDWHU TXDOLW\ UHTXLUHPHQWV”™ LV YHU\ E

S:DWHU 4XDOLW\ 5HTXLUHPHQWY" PHDQV D ZDWHU TXDC
(narrative or numeric), prohibition, TMDL implementation plan,

policy, or other requirement contained in a water quality control

plan adopted by the Regional Board and approved by the State

Water Board, and all other applicable plans or policies adopted by

the Regional Board or State Water Board, including, but not limited

to, the State Water Board Resolution No. 68-16, Statement of

Policy with Respect to Maintaining High Quality Waters in

California.

General WDRs, § I.L.
The General WDRs require the applicant to submit an Erosion Control

Plan as part of its application. Id., 8 lll.C.1.a. The applicant also must submit an
Inspection Plan and Reporting Program. Id., 88 I1l.C.3; Ill.F. These technical
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reports may be submitted as a separate section of their THP. Id., § lll.C.1. GRT
has submitted these plans as part of Section V of the Far North THP.

The core of the General WDRs is the preparation of the Erosion Control
Plan by the THP applicant. S py(URVLRQ &RQWURO 30DQY PHDQV D SODC
implemented to prevent and minimize the discharge of sediment to waters of the
state in violation of applicable water quality requirements or other conditions of
WKLV 20GdadidUWDRs, § I.C. The Erosion Control Plan,

shall be developed and implemented to prevent and minimize the
discharge or threatened discharge of sediment from controllable
sediment discharge sources into waters of the state in violate [sic]
an applicable water quality requirement or other provision of this
Order.

General WDRs, 8§ I1l.C.1.a.

7TKH FRQWHQWYV RI DQ (& 2nRnxanidrylofak e»dti@lidbleD
sediment discharge sources within the Project area, and, b. A time schedule,
which must be during coverage under General WDRs, for implementation of
SUHYHQWLRQ DQG PLQLPL]DWLRQ@ PDiQ,pJ HireHi®te-PHDV XUHV
ground inventory of controllable sediment discharge sources will be used to
identify the existing or threatened controllable sediment discharge sources within
the Project area and provide a time schedule for implementation of prevention
DQG PLQLPL]DWLRQ PDQDJHRHQOW® Thélbethsdordodel
XVHG WR SUHSDUH WKH Ldervohsrstel effediveneds dath R 3
applicability for the specific sediment discharge sources in the Project area to
DWWDLQ FRPSOLDQFH ZLWK DSSOLFD ECSHe 2Valwatibts TXD O LW\ |
DUH UHTXLUHG 3W Rhéxxouwd dndiehyandRoQacilitate the
detection of threatened or existingcontr ROODEOH VHGLPHQW GLVFKDUJH VF

7KH (&3 PXVW LQF Ghwing the Proj&t boundary and location
RI DOO LQYHQWRULHG FRQWUROODEOH SMIHBE2ZLPHQW GLVFKD
The ECP shall include but is not limited to, a map clearly showing the location(s)
of the site(s) that could discharge sediment, site specific designs and/or
management measures to prevent and minimize the discharge of sediment, and
a time schedule for implementation of site specific designs and/or management
PHDVXUHEIC. 7TKH (&3 DOVR PXVW LQFOXGH 3>D@Q HVWLPDW
volume and the relative potential for sediment delivery from each inventoried
V L WdHSE 111.D.2.b.

The General :'5V GHILQHYV S FRQWUROODEOH VHGLPHQW GLVFI
follows:
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3¢ RQWUROODEOH VHGLPHQW GLVFKDUJH VRXUFH" PHDQ\
existing and those created by proposed timber harvest activities, within the
Project area that meet all the following conditions:

1. is discharging or has the potential to discharge sediment to waters of
the state in violation of applicable water quality requirements or other
provisions of these General WDRs,

2. was caused or affected by human activity, and

3. may feasibly and reasonably respond to prevention and minimization
management measures.

General WDRs, 8 I.A.

In terms of the requirement that a controllable source includes those that
SPD\ IHDVLEO\ DQG UHDVRQDEO\ UHVSRQG WR SUHYHQWLRC
MmaQDIJHPHQW PHDVXUHYV ~ WKH :'5V GHILQH ERWK SUHYHQW.
SUSUHYHQWLRQY PHDQV WKH 3URMHFW KDV EHHQ GHVLJQHC
threatened discharge of sediment waste through the use of all feasible and
reasonable project design, timing DQG VHGLPHQW FR Q@AERIO SUDFWLFHV
WDRs,8 , * SpuOLQLPL]DWLRQY PHDQV WKH WUHDWPHQW RI WK
GLVFKDUJH RI VHGLPHQW WKDW FDQQRW EH SU#HYHQWHG G
8 I.D.

B. GRT has failed to identify all controllable sediment sources and
provides an incomplete estimate of sediment loading from site.

The key requirements of the General WDRs include inventorying all of the
controllable sediment sources associated with the THP, producing sediment
volume estimates for each of those sources, and ensuring they are inspected
and monitored. The Far North THP fails to comply with these fundamental
components of the General WDRs.

TKH (&3V LQYHQWRU\ RI FRQWUROODEOH VHGLPHQW V|
almost all of the roads in the THP project area. These features are omitted even
where they have been treated or fitted with sediment best management practices
intended to minimize sediment discharges from these features. Wherever in the
watershed a sediment management practice has been or will be implemented on
a road, skid trail or other feature of the THP, by definition, that location is a
controllable sediment source that must be identified, mapped, and for which an
estimate of sediment loads must be prepared. Because the ECP for the Far
North THP ignores the vast majority of chronic sediment sources in the
watershed, the ECP does not comply with the General WDRs and the Far North
THP application must be rejected.
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Under the General WDRs, a controllable sediment source is not limited to
currently uncontrolled sources that need to be addressed. General WDRs, § |.A.
A controllable sediment source also includes existing sources that the applicant
believes are adequately addressed. Id. A controllable sediment source also
includes future potential sources proposed by the THP itself. Id. The General
WDRs set forth three criteria for identifying controllable sediment sources. First, if
D ORFDWLRQ 3LV hadinerikitBntial to@idcliaitge sediment to waters of
the state in violation of applicable water quality requirements or other provisions
RI WKHVH *HQHU DOS§:1!AY)«ermphasis added). Second, the sediment
VRXUFH 3ZDV FDXVHG RU DIIHFWH.G8 EA(2K X RoBRdDrBKW LY LW\« ~
trail obviously istheresult R KXPDQ DFWLYLW\ 7KLUG WKH VHGLPHQ\
feasibly and reasonably respond to prevention and minimization management
P HDV XU ¥ I.A(3). Where management practices have been applied to a
road, skid trail or other potential source, by definition that source not only may,
but does feasibly and reasonably respond to prevention and minimization
management measures.

By definition, any feature within the THP project area, including but not
limited to any proposed and existing road, skid trail, logging area, logging deck,
or area where heavy equipment will be operated, that requires the
implementation of any best management practice is, by definition, a controllable
source that has the potential to discharge sediment to the waters of the State.
*LYHQ WKH 5HILRQDO %YRDUGYTYV GHWHUPLQDWLRQ WKDW Wtk
watershed is impaired by sediment, any sediment discharge may contribute to a
violation of a water quality requirement. All of these controllable sediment
sources need to be inventoried, identified by the applicant on the map and
included in the sediment load analysis. General WDRs, § I11.D.1 (ECP must
L Q F O X GrHnvdbtory of all controllable sediment discharge sources within the
SURMHFW DUHD’

The ECP submitted for the Far North THP limits its sediment loading
estimate by only considering sediment sources involving a risk of failure or
obvious problems at only nine discrete locations within the THP area. THP, pp.
259-263. Sites of potential failure or obvious excessive sediment are important to
the sediment source analysis. However, by only including sites that involve
potential failures or excessive erosion, the ECP ignores other chronic sources
within the Project area, including road surfaces, skid trails, landings, and harvest
areas. For example, the nine sites discussed in the ERP are a small fraction of
the long list of watercourse crossings and ditch relief culverts identified in Section
2 of the THP. THP, pp. 71-96. In order to comply with the General WDR
requirements for preparing an ECP, the applicant must inventory all of the
controllable sources within the THP area, including roads, trails, landing and
other features to which management practices have been applied. General
WDRs, § I.C. For each of these sources, the ECP must estimate the volume of
sediment that would still be discharging to the nearest watercourse. Id. 8
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[11.D.2.b. Estimating these sediment volumes, even with the application of best
PDQDJHPHQW SUDFWLFHY LV FULWLFDO WR WKH 5HJLRQDO
the applicant has met its burden of demonstrating that the sediment emissions

from the proposed THP will not cause or contribute to an exceedance of any

water quality requirement, especially on a cumulative watershed basis. The Little

North Fork is within the Gualala River watershed which is identified as impaired

by excessive sedimentation, the evaluation of sediment loadings from specific

THP areas even with the implementation of best management practices is

essential to making a reasoned determination regarding cumulative watershed

LPSDFWV DQG ZKHWKHU DGGLWLRQDO PLWLIJDWLRQ PHDVXL
extent, or a denial of the THP must be required by the Regional Board to ensure

compliance with the water quality requirements.

In the context of the Little North Fork of the Gualala River, which is part of
the Gualala 5LYHUYfV OLVWLQJ E\ WKH 5HIJLRQDO %RDUG DV LPSI
any contribution of sediment to the stream may contribute to that ongoing
impairment. See THP, p. 139; 2014 and 2016 California 303(d) List of Water
Quiality Limited Segments (Category 5) (Oct. 3, 2017)
(https://www.waterboards.ca.gov/water_issues/programs/tmdl/2014 16state ir r
eports/category5_report.shtml 3, PSDLUHG : D.\vikebing of koddv
upgrades in the Gualala River watershed, S >W @KH 70'/ FDOOV IRU VHGLPHQ\
discharge reductions from road-related sources by 95% and timber harvest-
related sources by 86%.” 7TRWDO OD[LPXP 'DLO\ /RDG 3URJUHVYV 5HSR
River Sediment TMDL (Sept. 2013)
(https://www.waterboards.ca.gov/about us/performance report 1213/plan_asse
ss/docs/fy1213/11112 rl gualalariver_sediments.pdf); see TMDL, p. 17.
Notably, the THP does not list the Gualala River TMDL as one of the documents
consulted in the assessment of cumulative impacts to watershed resources. See
THP, pp. 151-52

There are about 3.7 miles of roads within the THP boundary depicted in
the plan. There are about 10.6 miles of additional unpaved appurtenant logging
roads extending from the THP boundary to Fish Rock Road and Old Stage Road
that are proposed for log hauling. Numerous stream crossings throughout the
road network will result in discharge of some amount of sediment, especially from
the road surfaces within the road approaches to these crossings. See THP, pp.
71-96; FPR Rule, 8 895.1 the portion of the Logging Road surface that drains
overland water flowto WKH :DWHUFRXUVH FURVVLQJ’ (YHQ ZLWK W|
implementation of best management practices, the road approaches will not
completely eliminate sediment discharges. Even where a road is upgraded, some
DPRXQW RI VHGLPHQW ZLOO VWLOO UHDFK D ZDWHUFRXUVF
typically 0.2 cubic feet per square foot of road per decade for the portion
W\ASLFDOO\ WKDW KDV HHRHND. GIVOBRYNBNKBKE G~
sec. 5, p. 261 (excerpt attached hereto as Exhibit B). See also THP No. 1-18-095
MEN (Little), sec. 5, p. 100.2 & 240 (excerpt attached hereto as Exhibit C). The
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erosion rate of 0.2 cubic feet per square foot per decade figure is derived by
Weaver, et al., Upslope Erosion Inventory And Sediment Control Guidance, p. X-
34 (March 2006), which provides annual erosion rates of 0.03 feet per year (ft/yr)
from native surfaced (unimproved, dirt) roads and 0.02 ft/yr from rock surfaced
roads. Consequently, an equivalent amount of sediment is not prevented from
reaching, and thus will reach, watercourses.

Hydrologist and Professional Geologist Greg Kamman of Kamman
Hydrology & Engineering, Inc., has reviewed the Far North THP and prepared a
calculation of the estimated loading of sediment from the roads within the THP
area. Kamman Hydrology & Engineering, Inc. Comments (November 20, 2020)

s.DPPDQ &RPPHQWYVY" DWWDFKHG DV ([KLELW $ O0U .DPPD
on the guidance provided by Weaver, et al. and the typical road conditions
identified in prior THPs prepared by GRT. Applying the typical figure to the
estimated length of roads in the Far North THP that would not be disconnected
from watercourses produces a sediment load from upgraded roads of
approximately 804 tons/mi?/year. Kamman Comments, p. 2. Mr. Kamman
estimates an additional 510 tons per year of sediment that is being delivered by
appurtenant and connecting roads that will be used to execute the Far North
THP. Id. These estimates demonstrate that these road sources are significant
and, by definition, they are controllable given that measures are being applied to
them already.

W LV LPSRUWDQW WR EHDU LQ PLQG WKDW 00U .DPPDQ
related surface erosion only. It does not include the many other sediment
sources that timber harvesting generates and that are inventoried for purposes of
establishing sediment TMDLs for sediment-impaired waterbodies, including road
related landslides, road-stream crossing failures, road related gullying, and other
harvest related delivery.

The significance of these estimated sediment loadings from the Far North
THP to the sediment-impaired Gualala River watershed is demonstrated by
comparing the estimated Far North THP road sediment discharge rate to the
Gualala River sediment TMDL and the waste load allocation for road surface
HURVLRQ SXEOLVKHG E\ (3% 7KH 70'/V DQG :DVWH /RDG $0C
developed for numerous North Coast watersheds vary based on the natural
background levels of sediment.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/gualala
_river/110707/gualalafinaltmdl.pdf. EPA has established a total sediment TMDL
for the Gualala River of 475 tons/mi?/year. The TMDL allocates a total 95
tons/mi?/yr to man-made sediment sources. Of that maximum load, only 12
tons/mi?/year is allocated to sediment from road and skid trail surfaces. Mr.
. D P P D @$tivhated rate of sedimentation of 804 tons/mi?/year from the road
surfaces within the boundaries of the Far North THP exceeds by over 69 percent
the 475 tons/mi?/year sediment TMDL for all sources in the Gualala River
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watershed. The 804 tons/mi?/year of sediment from the Far North THP fV URDG
surfaces dwarfs the load allocation for road and skid trail surfaces established for
the Gualala River, exceeding the 12 tons/mi?/year by more than 6,600 percent.

ou .DPPDQYVY HVWLPDWH LV EDVHG RQ W\SLFDO FRQGL
Weaver, et al. and prior THPs and ECPs. Under the General WDRs, it is neither
)2*59V QRU OU .DPPDQYV EXUGHQ WHr SdtP RREWWUDWH WKDW
not cause or contribute to violations of water quality requirements. That burden
OLHV ILUPO\ RQ WKH D SGeOdref WOQRY, BW.BGKRXOGHUYV

IHYHUWKHOHVYVY O0OU .DPPDQYV DQDEakMori HVWDEOLVKH®
THPYV URDGVY E\ WKHPVHOYHV UHSUHVHQW D VHULRXV WKL
existing sediment impairment of the Gualala River and the related adverse
impacts to salmonids. His analysis also demonstrates the importance of including
these controllable sediment sources in the inventory and sediment loading
estimates in the erosion control plan in order for the Regional Board to be in a
position to make a rational decision regarding the threat of sediment
contributions in this impaired watershed. Absent a comprehensive erosion and
sediment loading analysis by the applicant, the Regional Board cannot support a
ILQGLQJ WKDW WKH DSSOLFDQW KDV HLWKHU FRPSOLHG ZL
requirement or demonstrated that the Far North THP will not contribute to
violations of water quality requirements applicable to sedimentation.

By not including all of the controllable sediment sources that exist or would
EH DGGHG E\ WKH 7+3 WKH DSSOLFDQW KDV IDLOHG WR FR
ECP requirement. As a result, the Regional Board must deny any forthcoming
application for the THP to enroll in the General WDRs.

C. The Regional Board Cannot Approve the Application Because the
Applicant Fails to Demonstrate That Discharges of Sediment
From Site Will Not Cause or Contribute to a Violation of an
Applicable Water Quality Requirement.

The General WDRs require an applicant to demonstrate that their
proposed THP will not 3UH DV R Q D E OresOltilNa-v@lation or exceedance of
DQ\ DSSOLFDEOH ZDWHU TXDOLW\ UHTXLUHPHQW ~ *HQHUDC
DERYH "ZDWHU TXDOLW\ UHTXLUHPHQWYVY DV GHILQHG E\ W
any Basin Plan water quality objective, State Water Board Resolution No. 68-16,
Statement of Policy with Respect to Maintaining High Quality Waters in
California, and any Basin Plan policy, including the State BRDUGYfV 1RQSRLQW
Source Policy. The critical water quality objectives relevant to the Far North THP
include narrative and numeric objectives related to sediment pollution in the
Gualala 5LYHU ZDWHUVKHG WKH %DVLQ 30DQYfV WXUELGLW\ R
temperature objectives.
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IHLWKHU WKH 7+39V PHQWLRQ RI FXPXODWLYH LPSDFW
GHPRQVWUDWH KRZ WKH 7+3T1V FRPSOLDQFH ZLWK WKH )RU
identified management measures will avoid contributing to the existing sediment
impairment in the Gualala River watershed. The generalized discussion of
various best management practices identified by the Forest Practice Rules does
not explain how compliance with those best management practice rules
demonstrates that the THP area will not nevertheless emit sediment or increase
ZDWHU WHPSHUDWXUHYVY WR DQ HIWHQW WKDW FRQWULEXWI
Pursuant to CEQA, mitigation measures cannot be used to avoid assessing
ZKHWKHU WKH SURMHFW{V L B&Deaguin Rapor®eBdde VLIQLILFDQW
Center v. County of Merced (2007) 149 Cal.App.4™ 645, 663. This axiom is even
more true when implementing the General WDRs. The baseline for CEQA is less
stringent than the requirements established by the General WDRs. Whereas
CEQA requires mitigations to maintain the status quo, the General WDRs require
that the THP not contribute to violations of water quality objectives as well as, for
example, the High Quality Waters Policy. Because the Gualala River already is
impaired, the General :'5V] UHTXLUHPHQWY DUH PRUH VWULQJHQW \
maintaining the status quo. The THP must show that the effects of sediment
discharges and temperature affects in its area will not contribute to any
exceedances of the water quality objectives and, as discussed below, the highest
water quality achieved in the Little North Fork and downstream Gualala River
watershed since 1968. In addition, the Board must ensure that the ECP comports
wLWK WKH UHTXLUHPHQWY RI WKH 6WDWH %RDUGTYTV 1RQSRL

7KH SUHVHQFH RI (3%$7V 70'/ IRU WKH *XDODOD 5LYHU S
QXPHULF WKUHVKROG ZKLFK WKH 5HILRQDO %RDUG PXVW LC
FRPSOLDQFH ZLWK WKH *HQ HyregOirernemMy] EPBWASIU TXDOL
identified a TMDL of 475 tons/mi?/yr. That is the sediment rate determined by
(3$ EDVHG RQ WKH 5HIJLRQDO %RDUGYTYV WHFKQLFDO VXSSRI
attained throughout the Gualala River watershed in order to prevent any
exceedances of the water quality standards relating to sedimentation. TMDL, p.

7KH 70'/ LV VXEVWDQWLDO HYLGHQFH WKDW GHVSLWH W
failure to comply with its duty under 33 U.S.C. § 1313(d)(2) to adopt the TMDL as
part of its Basin Plan, including an implementation plan as required by Water
Code 8§ 13242, the Far North THP at a minimum is contributing to the cumulative
ZDWHUVKHG LPSDFWV IURP VHGLPHQWDWLRQ LQ WKH *XDOI
report, applying the upgraded road erosion rates established by Weaver, et al.
and acknowledged by prior THPs, as well as conservative erosion rates to roads
in the THP, estimates a sediment loading rate of 804 tons/mi?/yr from those
controllable sources. Kamman Report, p. 9. Because none of those controllable
sources are proposed to be altered by the THP, that estimated sediment loading
will continue to occur every year. That rate of sediment emissions from this one
THP area exceeds the 475 tons/mi?/yr TMDL for all sediment sources by 69
percent. See TMDL, p. 16. The estimated loading exceeds the load allocation for
roads and skid trails by greater than 6,600 percent. Id., p. 17. Indeed, that
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ongoing rate of sediment discharges from the Far North THP area is essentially
the same as the background rate of 840 tons/mi?/yr associated with roads and
logging that the TMDL shows has contributed to the significant impairments in
the Gualala River watershed. TMDL, p. 17.

W LV QHLWKHU )2*59V QRU WKH 5HIJLRQDO %RDUGTV E>
evidence necessary for GRT to demonstrate compliance with the General WDRs.
It is the burden of GRT to demonstrate that the sediment discharges associated
with the Far North THP will not cause or contribute to a violation of any water
quality requirements. The water quality requirements include the Basin Plan
objectives that the TMDL is designed specifically to restore in the Gualala River
watershed. Neither the THP nor the ECP demonstrates that the Far North THP
ZLOO QRW FRQWULEXWH WR H[FHHGDQFHV RI WKH %DVLQ 3
objectives relating to sediment in the Gualala River watershed. Rather than
resolve that question, the THP merely evaluates its implementation of the
measures required by the Forest Practice Rules rather than whether the ensuing
levels of sediment will contributeto WKH ULYHUYV H[LV®¢e THP,IpP.SDLUPHQW
133-48. Existing sediment levels already are H{FHHGLQJ WKH %DVLQ 30DQYV
narrative standards and failing to protect fisheries in the Gualala River
watershed. See Impaired Waters List. Even a slight addition to these impairing
levels goes well beyond a contribution. In order not to contribute to the existing
violations of water quality objectives WKH 7+3V VHGLPHQW GLVFKDUJHYV .
to significantly decrease from existing conditions and approach levels consistent
ZLWK (33%$9VTR®Oapplicant does not provide any reasoned analysis or
discussion that would establish any such sediment reductions from the THP
area. 2Q WKH FRQWUDU\ OU .DPPDQYV DQDO\VLVY VKRZV WKD!'
come close to achieving the requisite sediment reductions consistent with
restoring the river and achieving water quality requirements.

Nor does the THP contain an explanation of how the Far North THP will
avoid contributing to existing cumulative watershed impacts from excessive
sedimentation in the Gualala River watershed. In particular, section 4 of the THP
and its purported discussion of WKH 7+3 9V F XP X O bd¢tfedtsl dzeld ioH U V K
provide a cogent explanation of how the THP, including the implementation of
various measures and logging restrictions set forth in the Forest Practices Rules,
will not cause any significant impacts based on the current water quality
conditions. Nor does Section 4 make the more stringent showing that the THP
would not contribute to existing violations of the Basin Plan objectives.

First, Section 4 does not mention that the Gualala River watershed is
identified as impaired for sediment and temperature. There is no reasonable way
a cumulative impact assessment of watershed effects could be sufficient without
explaining how the THP and its associated road TV VHG L P H Qadm@aarRdHIG L Q J
an adopted TMDL for the watershed.
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Second, the THP arbitrarily focuses on the Doty Creek watershed
planning area. THP, p. 154; 240-41 (map). This focus on the immediate
subwatershed rather than all of the reaches that would be affected by the THPs
existing and future sediment discharges fails to address all of the cumulative
impacts that are attributable to the THP area and whether the sediment releases
are causing or contributing to exceedances of water quality objectives and
impairment of beneficial uses. Whether this is sufficient for FPR purposes or not,
it is not consistent with appliFDQW IV EXUGHQ XQGHU TWekehtird HQHUDO :'5)
Gualala River watershed is impaired. Because the THP contributes sediment to
impaired segments of the Gualala River from the Little North Fork to the mouth of
the river, the applicant fails to meet its burden by limiting its analysis only to the
immediate planning watershed. By arbitrarily limiting the review and discussion of
cumulative watershed impacts to the Doty Creek planning watershed, the THP
IDLOV WR GLYVF XatantigV/eohtrifutién® ¥nd cumulative effects on
downstream areas of the watershed.

Third, in regard to water quality and sedimentation, rather than evaluate
WKH 7+3V DQG WKH ODQGRZQHUYV H[LVWLQJ DQG SRWHQW
cumulative effects on the downstream Little North Fork, North Fork, and
mainstem Gualala River watershed, the THP focuses largely on evaluating
whether the THP applies BMPs set forth in the FPRs. 7KXV WKH 7+3héWDWHYV 3
current Forest Practice Rules are designed to effectively maintain, restore or
enhance the beneficial uses of water within the proposed project area.
Harvesting within the WLPZs of watercourse segments within or adjacent to the
proposed THP will be limited as described in Items #26 and #27 of the THP.
Variable width ELZs apply to Class Il watercourses as also described in Item

7+3 S ,Q UHJDUG WR URDG DQG VNLG WUDLO HURYV
WKDW WKHUH ZL O Ghé&eH ril) oOdriE dodsigrith& totld be
discharged into the stream system from roads, landings, or skid W U Did. @hé ~
THP does not provide any rationale for this conclusion beyond references to
complying with the FPRs. Id. Merely inventorying BMPs complying with the FPRs
does not address whether the THP area will contribute to cumulative effects on
downstream water quality and beneficial uses. Indeed, as identified by Mr.
Kamman, even upgraded roads will erode significant amounts of sediment
compared to natural background rates as well as the WLA identified by EPA as
QHFHVVDU\ WR FRPSO\ ZLWK WKH %DVLQ 30DQYV VWDQGDU

Lastly, the Far North THP is one of several THPs currently being proposed
by GRT. See THP, p. 240. Sediment already is being discharged during rain
events from GRTs existing roads, landings, and skid trails throughout Doty Creek
and Little North Fork watersheds. Just looking at two of the other proposed THPs
in the Doty Creek Planning Watershed +THP 1-19-00098 MEN (Elk) and THP 1-
18-095 MEN (Little) xhighlights the significant quantities of sediment currently
being discharged and proposed to be discharged by GRT. Mr. Kamman
estimates that, assuming 50 percent hydraulic disconnection, existing and
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proposed roads and skid trails within the EIk THP are expected to discharge
1,124 tons/mi?/yr. Kamman Comments, Att. (Estimated Roadway and Skid Trail
Sediment Yields, Elk THP: 1-19-098 MEN, Mendocino County, California [Nov.
20, 2020]). Applying the same assumption, 1,513 tons/mi?/yr of sediment will be
discharging from the Little THP area. Id., Att. (Estimated Roadway and Skid Trail
Sediment Yields, Little THP: 1-18-095 MEN, Mendocino County, California [Nov.
20, 2020]). For both of these yield estimates, a significant amount of this
estimated sediment already is being released into the watershed during rain
events. With the addition of 804 tons/mi?/yr of sediment from the proposed Far
North THP area, it is apparent that the overall sediment loading rate for the Little
North Fork is consistently highand JURVVO\ LQ H[FHVV RI WKH 70'/YV ZDV
allocation for road and trial surfaces of 12 tons/mi?/year. Mr. Kamman estimates
that within the total area encompassed by these three proposed THPs, the total
sediment yield from roads and trails alone will total 1,176 tons/mi?/yr, assuming
50 percent of the roads and skid trails within the THP boundary are hydraulically
disconnected from the creek. Kamman Comments, pp. 3, 10.

7KH DSSOLFDQWYVY EXUGHQ WR HVWDEOLVK QR FRQWUL
seriously by the Regional Board given that, because of the current impairment,
any increase in sediment would be contributing to the impairment. The only way
for a THP to not contribute to these impairments would be to ensure that
discharges of sediment from the THP area and relevant roads and skid trails be
consistent with the TMDL. Because the ECP and THP attempt no such
demonstration, and given the significant sediment discharges that are and will
potentially occur from the THP area and associated roads, GRT has not met its
burden, and the Regional Board must reject any application to proceed pursuant
to the General WDRs.

D. Applicant Fails to Demonstrate How the THP Will Avoid
&RQWULEXWLQJ WR 9LRODWLRQV RI WKH 6WDWH({V +1
Policy.

The General WDRs include Resolution No. 68-16, Statement of Policy
with Respect to Maintaining High Quality Waters in California, is one of the water
guality requirements which an applicant must demonstrate the proposed THP will
not contribute to its violation. General WDRs, § I.L Resolution No. 68-16 was
adopted in 1968. Hence, its antidegradation provisions apply to the best water
guality conditions that have been attained in the Little North Fork and the
downstream waters of the Gualala River watershed since 1968. No effort is made
in the THP and ECP to identify the highest water quality within the relevant
watersheds since 1968 that must be considered in order to comply with the
Policy. These best conditions since 1968 could be even more stringent than the
Basin Plan objectives and would require even more aggressive mitigations,
reductions in the THP size or possibly a finding that it is incompatible with the
Policy.
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E. 7KH (&3 DQG ,QVSHFWLRQ 30DQ )DLO WR &RPSO\ :LWt
NonPoint Source Policy.

7KH %DVLQ 30DQ LQFRUSRUDWHY WKH 6WDWH %RDUGT
7KH 1RQSRLQW 6RXUFH 3ROLF\ LV D hathibsHld TXDOLW\ UHTX
complied with if applicable to the discharge. General WDRs, § 1.L. The Nonpoint
6RXUFH 3ROLF\ DSSOLHYV 3 >L@PSOHPHQWDWLRQ SURJUDPYV
SROOXWLRQ FRQWURO« ~ 1RQSRLQW 6RXUFH 3ROLF\ S $
SPD\ EH IBgdd’'dy a RWQCB, the SWRCB, an individual discharger or by or
for a coalition of dischargers in cooperation with a third-party representative,
RUJDQL]DWLRQ RU JR Y (@@Qhasio dddEn). AIQ Five key
elements set forth in the Nonpoint Source Policy apply to a program by a
GLVFKDUJHU 323ULRU WR « UHFRJQL]JLQJ DQ LPSOHPHQWDW!
dischargers « DV VXIILFLHQW WR PHHW 5:4&% REOLXHMH)WLRQV WR
a RWQCB shall ensure that the program meets the requirements of the five key
VWUXFWXUDO HOHPHQWYpA@HVFULEHG EHORZ ~

The ECP and Inspection Plan submitted by an applicant in order to enroll
an ECP and inspection program under the General WDRs qualify as a NPS
pollution control implementation program under the Nonpoint Source Policy. The
(&3 DQG LQVSHFWLRQ SODQ DUH 3D SURJUDP GHYHORSHG W
5:4&% :'5V ZDLYHUV RI :'5V RU EDVLQ SODQ SURKLELWLRQ
Policy, p. 8.

Because an ECP and inspection plan are a NPS pollution control
implementation program subject to the Nonpoint Source Policy, it must comply
ZLWK DOO ILYH RI WKH 3ROLF\YfV NH\ HOHPHQWYVY .H\ (OHPH
stating a clear purpose. Key Element 2 requires the management practices to be
identified and a method to ensure and verify their implementation. Key Element 3
UHTXLUHV D VSHFLILF WLPH VFKHGXOH .H\ (OHPHQW SUR’
implementation program shall include sufficient feedback mechanisms so that the
RWQCB, dischargers, and the public can determine whether the program is
achieving its stated purpose(s), or whether additional or different MPs or other
DFWLRQV DUH UHTXLUHG ~ 1RQSRLQW 6RXddirds & OLF\ S
Nonpoint Source Program to specify potential enforcement consequences if it is
not successful.

*5 7 IBCP and inspection plan are inconsistent with Key Element 2. Key
(OHPHQW UHTXLUHV D 3> G@HVFULSWLRQ RFrWKH PDQDJHP
program elements that are to be used to meet water quality standards and an
HYDOXDWLRQ WKDW HQVXUHY SURSHU LPSOHPHQWDWLRQ ~
ECP fail to identify many controllable sediment sources throughout the THP area.
Nor does the applicaQW HYDOXDWH KRZ WKH 7+3fV PLWLIJDWLRQ PF
ensure that the remaining sediment discharges associated with the THP area
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would not contribute to existing violations of water quality objectives in the Little
North Fork and the watershed downstream.

7KH DSSOLFDQWTYV (&3 DQG LQVSHFWLRQ SODQ DOVR IL
(OHPHQW fV PDQGDWH WKDW WKH SODQV 3LQFOXGH VXIILF
that the RWQCB, dischargers, and the public can determine whether the
program is achieving its stated purpose(s), or whether additional or different MPs
RU RWKHU DFWLRQV DUH UHTXLUHG ~ 1RQSRLQW 6RXUFH 3F
stated purposes are quite broad, including complying with Basin Plan standards
and the High Quality Waters Policy. Although there are a few feedback
PHFKDQLVPV LQ WKH DSSOLFDQWYV hige\tontidiaBeRQ SODQ WR
sediment sources identified in the ECP and other similar sources that may occur
in the future, there are no feedback mechanisms for the road surfaces evaluated
by Mr. Kamman but ignored by the ECP. In addition, there are no feedback
mechanisms to evaluate compliance with in-stream water quality standards or
potential degradation. The Policy is clear that verification must go beyond
assuring implementation of BMPs:

In addition to verification of proper MP implementation (Key
Element 2), feedback mechanisms are needed to clearly indicate
whether and when additional or different MPs or MP
implementation measures must be used, or other actions taken.
Designing the appropriate types and frequency of verification and
feedback measures (e.g. reporting, inspection, monitoring, etc.) is
an integral part of implementation program development and
success.

Nonpoint Source Policy, p. 13. The Nonpoint Source Policy does not dictate a
specific type of monitoring or command. However, the Regional Board must
consider monitoring fine-tuned to the conditions relevant to the particular ECP
and inspection plan:

Depending on the water quality problem, the cause, the beneficial
uses at risk, and the purpose for which the monitoring will be used
(e.g. adaptive management or regulatory purposes) the appropriate
type(s) of monitoring should be used. Some monitoring approaches
include photo monitoring; assessing residual dry matter on
rangelands; various indicators of healthy instream habitat; riparian
and wetland habitat structure, density and cover; and
bioassessment. Some programs may involve collecting and
reporting ambient water quality monitoring data.

Nonpoint Source Policy, p. 14. No monitoring at all is proposed for the vast

majority of sediment sources within the THP and its associated logging roads.
ORUHRYHU QR PRQLWRULQJ JHDUHG WR WKH 7+3T1V FRQWU|
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the Little North Fork or further downstream are considered or addressed in the
ECP and inspection plan.

For these reasons, the ECP and inspection plan are inconsistent with the
*HQHUDO :'5VY] FRQGLWLRQ WKDW WKH\ FRPSO\ ZLWK WKH 1
Accordingly, the Regional Board must deny any application for the THP to
proceed pursuant to the General WDRs.

F. Because the Regional Board is Violating its Duty to Adopt the
Existing TMDL for the Gualala River in the Basin Plan, Including
the development of an Implementation Plan, the Applicant Cannot
Make the Required Showings Required by the General WDRs that
the THP Will Not Contribute to Violations of Water Quality
Requirements.

6HFWLRQ G RI WKH &OHDQ :DWHU $FW 323&:$° SURYL:

If the Administrator disapproves such identification and load, he
shall not later than thirty days after the date of such disapproval
identify such waters in such State and establish such loads for such
waters as he determines necessary to implement the water quality
standards applicable to such waters and upon such identification
and establishment the State shall incorporate them into its

current plan under subsection (e) of this section.

33 U.S.C.A. 8 1313(d)(2) (emphasis added). This requirement is acknowledged

E\ ERWK WKH 6WDWH %RDUG DQG (3% 7KXV WKH 6WDWHITV
3&33° DSSURYHG E\ (3% SXUVXDQW WR 6HFWLRQ H RI W
3)HGHUDO ODZ UHTXLUHV WKDW 70'/V EH LQFRUSRUDWHG L
pp. 32-33. The 2IILFH RI &KLHI &RXQVHO KDV VWDWHG LQ D OHJD
federal and state law, the Regional Water Boards are required to include TMDLs

in their basinplans. " 21ILFH RI &KLHI &RXQVHO 3(FRQRPLF &RQVLGH
Development and Basin Planni Q J p. 2 (Oct. 27, 1999). The 5SHJLRQDO %RDUGYV
Basin Plan also recognizes this duty:

The Impaired Waters Policy also states that TMDLs and TMDL
implementation strategies will be incorporated into the Basin Plan,
even if they are initially adopted through a regulatory process that is
not a basin plan amendment. This is in compliance with Sections
303(d)(2) and 303(e)(3) of the Clean Water Act.

Basin Plan, Section 4.3.1.1.

The Regional Board and the State Board are violating their statutory duty
to adopt the Gualala River TMDL into the North Coast Basin Plan. As a result,
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the Regional Board and the State Board also are failing to prepare the

implementation plan that must accompany the adoption of the TMDL in the Basin

Plan pursuant to Water Code § 13242 7 KH % Rf@luwr&ty omply with these

duties in turn underminesthe RHJLRQDO % RDUGYVY DELOLW\ WR LPSOHP
WDRs. By failing to adopt the TMDL along with an implementation plan in the

Basin Plan, the Regional Board is arbitrarily truncating the water quality

requirements that would otherwise be enforced by the General WDRs. Stated

another way, the Regional Board is abusing its authority by arbitrarily failing to

adopt the Gualala River sediment TMDL in the Basin Plan and frustrating its

implementation and enforcement as a water quality requirement through the

General WDRs. 7TKH % RDUGVY RQJRLQJ YLRODWLRQ RI WKHLU GX
River sediment TMDL and an accompanying implementation plan precludes the

Regional Board from authorizing sediment discharges from the Far North THP

based on any rationale that such discharges would be consistent with either the

TMDL or any future implementation plan for the TMDL. For these reasons,

FOGR hereby petitions the Executive Officer and the Regional Board to

immediately WDNH DOO VWHSV QHFHVVDU\ WR FRPSO\ ZLWK WKH
Gualala River TMDL into the Basin Plan. Pending such adoption, FOGR requests

that the Executive Officer deny any forthcoming application by GRT to proceed

with the Far North THP pending the final adoption of the TMDL into the Basin

Plan.

CONCLUSION

7KH *HQHUDO :'5V DUH VXSSRVHG WR EH PRYLQJ WKH 1
impaired watersheds towards restoration and compliance with the Basin Plan.
They are not intended to maintain a status quo of prolonged or permanent
degradation. FOGR strongly urges the Regional Board to deny any application
submitted by GRT to enroll the Far North THP in the General WDRs. The
Regional Board also should proceed immediately to adopt the Gualala River
TMDL into the Basin Plan. Thank you for considering these comments.

Sincerely,

Michael R. Lozeau
Lozeau Drury LLP
On behalf of Friends of Gualala River
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MEMORANDUM Kamman Hydrology & Engineering, Inc.

539 Bret Harte Road., San Rafael, CA 94901
Telephone: (415) 491-9600
Facsimile: (415) 680-1538
E-mailgreg@khe-inc.com

November 20, 2020

Mr. Michael Lozeau, Lozeau/Drury LLP
1939 Harrison Street, Suite 150
Oakland, CA 94612

Subject: Estimated Roadway Sediment Yields,
Far North THP: 1-20-00150 MEN, Mendocino CountyiifGania

Dear Mr. Lozeau:

| have been retained to estimate the sediment yield from surface erosion of roadways within and
appurtenant to the Far North Timber Harvest Plan (THP) and lying within the North Fork
Gualala River watershed. This letter presents the approach, methods and results of the road
surface erosion analysis. It also contains a summation of annual sediment yields to the North
Fork Gualala River from roads and skid trails within the Far North, Elk (1-19-098 MEN) and
Little (1-18-095) THPs.

It is important to note that other sources of erosion and sediment yield from road related
gullying, road related landslides and road-stream crossing failures were not estimated in this
analysis due to the lack of available information. Including these processes and sediment yields
would significantly increase the sediment yield values presented herein.

1.0  Approach and Methods

Estimating road surface erosion volumes followedi0eHDVXULQJ DQG (VWLPDWLQJ )
(URVLRQ 9RO X P3\appré&athladd methods presented in Part X (Upslope Erosion

Inventory and Sediment Control Guidance) of the California Salmonid Stream Habitat

Restoration Manual (March 2006). Specific variables and assumptions used in this analysis

include the following.

x Road types and lengths were determined and measured from the Far North THP Harvest
Method Map 14JUN20 (Figure 1) and Appurtenant Roads maps (Figure 2a and 2b).

x This analysis included THP roads draining to the North Fork Gualala River. The
cumulative drainage area within the THP boundaries that contributes runoff to the North
Fork Gualala River is 0.33 square miles.

X The road and cut bank width are assumed to be 25 feet, a common assumption presented
in California North Coast THP Erosion Control Plans such as the Elk THP (1-19-098-
MEN) and Little THP (1-18-095-MEN).

Kamman Hydrology & Engineering, Inc.

1
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X Road surface lowering erosion rates (in feet/year|ft/yr]) were taken from the Habitat
Restoration Manual and were applied as follows:

0 native surfaced (unimproved, dirt) roads and adjacent cutbanks and continually
bare soil areas- 0.03 ft/yr; and

o rock surfaced roads and adjacent cutbanks and continually bare soil areas - 0.02
ft/yr.

X To convert sediment volume to weight, a wet bulk density of 1.17 grams per cubic
centimeter (g/cc) (73.04 pounds per cubic foot [IBAtas applied. This bulk density is
an average of bulk densities reported for the Ornbaun-Zeni and Irmulco-Tramway
complex soils, which underlie the majority of THP site. The site soil map and bulk
density value was obtained from the U.S. Department of Agriculture, Natural Resources
Conservation Service (NRCS) Web Soil Survey!site

2.0 Results of Far North THP Analysis

Table 1 presents the total length, area and eroded sediment yield from roads within the THP
boundary. A road surface erosion rate of 0.03 ft/yr was applied to these seasonal roads. The
total potential sediment yield to the North Fork Gualala River from road surface erosion is 540.2
cubic yards per year (Syr).

Table 2 presents the conversion of sediment yield frottyry(Row 1) to tons/yr (Row 5).

Dividing the sediment yield of 533 tons/yr by the THP drainage area to the Little North Fork
Gualala River (0.33 square miles) yields a maximum annual sediment yield of 1,609%gns/mi
This value assumes 100% of road surface erosion is delivered to the river. Assuming that 50
percent of the roads within the THP boundary are hydraulically disconnected from the creek
results in 804 tons/rflyr of sediment delivery to the North Fork Gualala River.

In addition to roads within the THP boundary, the appurtenant harvest and haul roads experience
surface erosion that yields sediment to the river. Table 3 presents the total length, area and
sediment yield from the appurtenant roadways associated with timber harvest (Figure 1) and
hauling (Figure 2a and 2b). These appurtenant roads will contribute an additional £/985 yd
(1,021 tonsl/yr) of sediment to the river assuming 100% of appurtenant roadway erosion is
delivered to the river (see Tables 3 and 4). Assuming that 50 percent of the THP appurtenant
roads are hydraulically disconnected from the creek results in 510 t&gshisediment

delivery to the North Fork Gualala River (Table 4).

3.0  Cumulative Impacts

| have completed similar sediment yield analyses for the Elk and Little THPs located in the
North Fork Gualala River watershed immediately adjacent to and downstream of the Far North
THP (Figure 3). The results of these analyses are presented in my letters to you, both dated

! https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
Kamman Hydrology & Engineering, Inc.
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November 20, 2020 (see attached). The sediment yield from road and skid trail erosion for the
Far North, Elk and Little THPs are summarized in Table 5 along with respective drainage areas.
Totaling the sediment yield from all three THPs yields a maximum annual sediment yield of
2,353 tons/ntiyr. This value assumes 100% of road and skid trail surface erosion is delivered to
the river. Assuming that 50 percent of the roads and skid trails within the THP boundary are
hydraulically disconnected from the creek results in 1,176 tofigfmof sediment delivery to the
North Fork Gualala River.

Please feel free to contact me with any questions regarding the material and conclusions contained in
this letter.

Sincerely,

Greg Kamman, PG, CHG
Principal Hydrologist

Kamman Hydrology & Engineering, Inc.
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FIGURE 1: THP Road Map

Kamman Hydrology & Engineering, Inc.
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FIGURE 2a: Appurtenant Road Map

Kamman Hydrology & Engineering, Inc.
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FIGURE 2b: Appurtenant Road Map (continued)

Kamman Hydrology & Engineering, Inc.
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FIGURE 3: Locations of Far North, Elk and Little THPs

Kamman Hydrology & Engineering, Inc.
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TABLE 1: Lengths, surface areas and sediment yield estimates for vattlua Far North THP boundary

Far North THP Road Types
THP Seasonal
total road lengths (ft 19,4471
road width (ft) 25
road area (ft"2 486,175
erosion rate (ft/yr)* 0.03
sediment yield (ft*3/yr) 14,585
sediment yield (yd"3/yr 540.2 540.2yd"3/yr
Notes

1) Erosion rates: a) native surface (unimproved, dofds = 0.03 ft/yr; rock surfaced roads=0.02 ft/
(Source: Upslope Erosion Inventory and Sediment Cb@rgdance, Part X, California Salmonid

TABLE 2: Calculation of total sediment yield for disconnected roadkiwthe Far North boundary

Row Calculations Notes
1 540.19yd"3/yr sed yield
2 73.041bs/ft"3 bulk density from NRSC Soils Report
3 1,972.10bs/yd"3
4 0.99tons/yd"3
5 532.66tons/yr sed yield
6 0.331min2 total drainage area
7 1,609tons/mi”2/yr sed yield: assumes 100% of erosion delivered to creek
8 804 tons/min2/yr sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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TABLE 3: Lengths, surface areas and sediment yield estimates for apputtereufs to the Far North THP boundary

Far North THP Appurtenant Roads
Harvest Harvest Haul
Appurtenant Appurtenant Appurtenant
Road Seasona| Road Permanen Road Permanen
total/trail lengths (ft) 12,695 1,341 41,855
road/trail width (ft) 25 25 24
road/trail area (ft"2) 317,375 33,52b 1,046,375
erosion rate (ft/yr)* 0.02 0.02 0.0p
sediment yield (ft"3/yr) 6,348 671 20,928
sediment yield (yd"3/yr 235 i 7% 1,035.0yd"3/yr

Notes

1) Erosion rates: a) native surface (unimproved, dir§ds = 0.03 ft/yr; rock surfaced roads=0.02 ft/yr) (Smur
Upslope Erosion Inventory and Sediment Control GuiéaRart X, California Salmonid Stream Habitat

Restoration Manual, 2006)

TABLE 4: Calculation of total sediment yield from appurtenant rotmishe Far North THP boundary

Calculations

Notes

1,035.0yd"3/yr

sed yield

73.041bs/ft"3

bulk density from NRSC Soils Report

1,972.10Ibs/yd"3

0.99tons/yd"3

1,021 tons/yr

sed yield: assumes 100% of erosion delivered to creek

510tons/yr

sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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TABLE 5: Calculation of total sediment yield for disconnected roads &ittltgails within the Far North, Elk and Little THPs

Far North THP  Little THP Elk THH Total
Annual Sediment yield (tons/yr) 532)66 1,226.29 560.50 2,319.44
Drainage area (mi"2) 0.83 0.41 0[25 0.99
Sediment yield (tons/mi”2/yr) - assumes
100% of erosion delivered to river 1609 3026 224)7 2353
Sediment yield (tons/mi”2/yr) - assumes
50% of erosion delivered to river 804 1513 1124 1176

Kamman Hydrology & Engineering, Inc.
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MEMORANDUM Kamman Hydrology & Engineering, Inc.

539 Bret Harte Road., San Rafael, CA 94901
Telephone: (415) 491-9600
Facsimile: (415) 680-1538
E-mailgreg@khe-inc.com

November 20, 2020

Mr. Michael Lozeau, Lozeau/Drury LLP
1939 Harrison Street, Suite 150
Oakland, CA 94612

Subject: Estimated Roadway and Skid Trail Sedinvezids,
Elk THP: 1-19-098 MEN, Mendocino County, California

Dear Mr. Lozeau:

| have been retained to estimate the sediment yield from surface erosion of roadways and skid
trails within and appurtenant to the EIk THP and lying within the North Fork Gualala River
watershed. This letter presents the approach, methods and results of the road and skid trail
surface erosion analysis.

It is important to note that other sources of erosion and sediment yield from road related
gullying, road related landslides and road-stream crossing failures were not estimated in this
analysis due to the lack of available information. Including these processes and sediment yields
would significantly increase the sediment yield values presented herein.

1.0  Approach and Methods

Estimating road surface erosion volumes followed3i0eHDVXULQJ DQG (VWLPDWLQJ )
(URVLRQ 9RO XP3\appré&athladd methods presented in Part X (Upslope Erosion

Inventory and Sediment Control Guidance) of the California Salmonid Stream Habitat

Restoration Manual (March 2006). Specific variables and assumptions used in this analysis

include the following.

X Road and skid trail types and lengths were determined and measured from the Elk THP
Map Points map (see Figure 1), Elk THP Yarding and WLPZ Facilities map (see Figure
2), and Elk THP Appurtenant Roads map (Figure 3).

X This analysis included only roads draining to the North Fork Gualala River. The
cumulative drainage area within the THP boundaries that contributes runoff to the North
Fork Gualala River is 0.25 square miles.

X The road and cut bank width are assumed to be 25 feet, a common assumption presented
in California North Coast THP Erosion Control Plans such as the EIk THP (1-19-098-
MEN) and Little THP (1-18-095-MEN). The width of the skid trails is assumed to be 12-
feet.

Kamman Hydrology & Engineering, Inc.
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X Road surface lowering (erosion rates in feet/year[ft/yr]) from the Habitat Restoration
Manual were applied as follows:

0 native surfaced (unimproved, dirt) roads and adjacent cutbanks and continually
bare soil areas- 0.03 ft/yr; and

o rock surfaced roads and adjacent cutbanks and continually bare soil areas - 0.02
ft/yr.

x Skid trails were treated as unimproved, dirt roads.

X To convert sediment volume to weight, a wet bulk density of 1.55 grams per cubic
centimeter (g/cc) (96.76 pounds per cubic foot [IBAtas applied. This bulk density is
representative of Bigriver loamy sand soil, which underlies the majority of THP and
appurtenant roadways. The site soil map and bulk density value was obtained from the
U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS) Web
Soil Survey sité

2.0 Results

Table 1 presents the total length, area and eroded sediment yield of THP roads and skid trails. A
road surface erosion rate of 0.02 ft/yr was applied to permanent road types, while an erosion rate
of 0.03 ft/yr was applied to all other road types (seasonal) and skid trails. The total sediment
yield to the North Fork Gualala River from road and skid trail surface erosion is 429.1 cubic

yards per year (ydyr).

Table 2 presents the conversion of sediment yield frottyry(Row 1) to tons/yr (Row 5).

Dividing the sediment yield of 561 tons/yr by the THP drainage area to the Little North Fork
Gualala River (0.25 square miles) yields a maximum annual sediment yield of 2,247%gns/mi
This value assumes 100% of road surface erosion is delivered to the river. Assuming that 50
percent of the roads within the THP boundary are hydraulically disconnected from the creek
results in 1,124 tons/ktyr of sediment delivery to the North Fork Gualala River.

In addition to roads within the THP boundary, the appurtenant haul routes and skid trails
experience surface erosion that yields sediment to the river. Table 3 presents the total length,
area and sediment yield from the appurtenant roadways and skid trails. These appurtenant roads
and skid trails will contribute an additional 9823k (1,282 tons/yr) of sediment to the river
assuming 100% of appurtenant roadway erosion is delivered to the river (see Tables 3 and 4).
Assuming that 50 percent of the THP appurtenant roads and skid trails are hydraulically
disconnected from the creek results in 641 torféymof sediment delivery to the North Fork

Gualala River (Table 4).

! https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
Kamman Hydrology & Engineering, Inc.
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Please feel free to contact me with any questions regarding the material and conclusions contained in
this letter.

Sincerely,

Greg Kamman, PG, CHG
Principal Hydrologist

Kamman Hydrology & Engineering, Inc.
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FIGURE 1: THP road types and locations

Kamman Hydrology & Engineering, Inc.
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FIGURE 2: Skid trail types and locations

Kamman Hydrology & Engineering, Inc.
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FIGURE 3: Appurtenant Road Map.

Kamman Hydrology & Engineering, Inc.
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TABLE 1: Lengths, surface areas and sediment yield estimates for ematiskid trails within Elk THP boundary

ELk THP Road Types
Existing Private| Existing Private|
Permanent Seasonal Skid Trall
total road lengths (ft 3,012 5,668 16,199
road width (ft) 25 25 12
road area (ft"2 75,300 141,57b 194,388
erosion rate (ft/yr)* 0.02 0.0 0.0B
sediment yield (ft"3/yr) 1,506 4,247 5,832
sediment yield (yd"3/yr 55.8 157.3 216.0 429.1yd"3lyr

Notes

1) Erosion rates: a) native surface (unimproved, dofds = 0.03 ft/yr; rock surfaced roads=0.02
ft/yr) (Source: Upslope Erosion Inventory and Sedim@ontrol Guidance, Part X, California

TABLE 2: Calculation of total sediment yield for disconnected roadbsid trails within the EIk THP boundary

Row Calculations Notes
1 429.07yd"3/yr sed yield: assumes 100% delivery
2 96.761bs/ft"3 wet density from NRCS soil survey
3 2,612.61lbs/yd"3
4 1.31tons/yd"3
5 560.50tons/yr sed yield: assumes 100% of erosion delivered tekre
6 0.249mi"2 total drainage area
7 2,247 tons/mir2/yr sed yield: assumes 100% of erosion delivered to creek
8 1,124 tons/mi"2/yr sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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TABLE 3: Lengths, surface areas and sediment yield estimates for apputtereats and skid trails to the EIk THP boundary

Elk THP Appurtenant Roads and Skid Trails

Appurtenant Appurtenant

Roads Skid Trall
total/trail lengths (ft) 52,03( 1,329

road/trail width (ft) 25 12
road/trail area (ft"2) 1,300,750 15,948
erosion rate (ft/yr)* 0.02 0.03
sediment yield (ft"3/yr) 26,014 478
sediment yield (yd"3/yr 964 14 981.2yd"3lyr

TABLE 4: Calculation of total sediment yield from appurtenant roadsl skid trails to the Elk THP boundary

Calculations Notes
981.2yd"3/yr sed yield: assumes 100% delivery
96.761bs/ft"3 wet density from NRCS soil survey

2,612.61lbs/yd"3
1.31tons/yd"3
1,282tons/yr sed yield: assumes 100% of erosion delivered to creek

641 tons/yr sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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MEMORANDUM Kamman Hydrology & Engineering, Inc.

539 Bret Harte Road., San Rafael, CA 94901
Telephone: (415) 491-9600
Facsimile: (415) 680-1538
E-mailgreg@khe-inc.com

November 20, 2020

Mr. Michael Lozeau, Lozeau/Drury LLP
1939 Harrison Street, Suite 150
Oakland, CA 94612

Subject: Estimated Roadway and Skid Trail Sedinvezids,
Little THP: 1-18-095 MEN, Mendocino County, Califios

Dear Mr. Lozeau:

| have been retained to estimate the sediment yield from surface erosion of roadways and skid
trails within and appurtenant to the Little THP and lying within the Little North Fork Gualala

River watershed. This letter presents the approach, methods and results of the road and skid trail
surface erosion analysis.

It is important to note that other sources of erosion and sediment yield from road related
gullying, road related landslides and road-stream crossing failures were not estimated in this
analysis due to the lack of available information. Including these processes and sediment yields
would significantly increase the sediment yield values presented herein.

1.0  Approach and Methods

Estimating road surface erosion volumes followed3loeH Driigkand Estimating Future
(URVLRQ 9RO X P3\appré&athladd methods presented in Part X (Upslope Erosion
Inventory and Sediment Control Guidance) of the California Salmonid Stream Habitat
Restoration Manual (March 2006). Specific variables and assumptions used in this analysis
include the following.

X Road and skid trail types and lengths were determined and measured from the Little THP
Road Points Maps (see Figure 1a and 1b), Little THP WLPZ Facilities Maps (see Figure
2a and 2b), and Little THP Appurtenant Roads Map (Figure 3).

X This analysis included only roads draining to the Little North Fork Gualala River. The
cumulative drainage area within the THP boundaries that contributes runoff to the Little
North Fork Gualala River is 0.405 square miles.

X The road and cut bank width are assumed to be 25 feet, a common assumption presented
in California North Coast THP Erosion Control Plans such as the EIk THP (1-19-098-
MEN) and Little THP (1-18-095-MEN). The width of the skid trails is assumed to be 12-
feet.

Kamman Hydrology & Engineering, Inc.
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X Road surface lowering (erosion rates in feet/year[ft/yr]) from the Habitat Restoration
Manual were applied as follows:

o Native surfaced (unimproved, dirt) roads and adjacent cutbanks and continually
bare soil areas- 0.03 ft/yr; and

o0 Rock surfaced roads and adjacent cutbanks and continually bare soil areas - 0.02
ft/yr.

x Skid trails were treated as unimproved, dirt roads.

X To convert sediment volume to weight, a wet bulk density of 1.55 grams per cubic
centimeter (g/cc) (96.76 pounds per cubic foot [IBAtas applied. This bulk density is
representative of Bigriver loamy sand soil, which underlies the majority of THP and
appurtenant roadways. The site soil map and bulk density value was obtained from the
U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS) Web
Soil Survey sité

2.0 Results

Table 1 presents the total length, area and eroded sediment yield of THP roads and skid trails. A
road surface erosion rate of 0.02 ft/yr was applied to permanent road types, while an erosion rate
of 0.03 ft/yr was applied to all other road types (seasonal) and skid trails. The total sediment
yield to Little North Fork River from road and skid trail surface erosion is 938.7 cubic yards per

year (yd/yr).

Table 2 presents the conversion of sediment yield frottyry(Row 1) to tons/yr (Row5).

Dividing the sediment yield of 1,226 tons/yr by the THP drainage area to the Little North Fork
Gualala River (0.405 square miles) yields a maximum annual sediment yield of 3,026
tons/mf/yr. This value assumes 100% of road surface erosion is delivered to the river.
Assuming that 50 percent of the roads within the THP boundary are hydraulically disconnected
from the creek results in 1,513 tons/iyi of sediment delivery to the Little North Fork Gualala
River.

In addition to roads within the THP boundary, the appurtenant haul routes and skid trails
experience surface erosion that yields sediment to the river. Table 3 presents the total length,
area and sediment yield from the appurtenant roadways and skid trails. These appurtenant roads
and skid trails will contribute an additional 517.F/yd (677 tons/yr) of sediment to the river
assuming 100% of appurtenant roadway erosion is delivered to the river (see Tables 3 and 4).
Assuming that 50 percent of the THP appurtenant roads and skid trails are hydraulically
disconnected from the creek results in 338 torféymdf sediment delivery to the North Fork

Gualala River (Table 4).

! https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
Kamman Hydrology & Engineering, Inc.
2

Page 107 of 136



Please feel free to contact me with any questions regarding the material and conclusions contained in
this letter.

Sincerely,

Greg Kamman, PG, CHG
Principal Hydrologist

Kamman Hydrology & Engineering, Inc.

3

Page 108 of 136



FIGURE 1a: THP road types and locations (North End)
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FIGURE 1b: THP road types and locations (South End)

Kamman Hydrology & Engineering, Inc.
5

Page 110 of 136



FIGURE 2a: Skid trail types and locations (North Area)
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FIGURE 2b: Skid trail types and locations (South Area)
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FIGURE 3: Appurtenant Road Map.

Kamman Hydrology & Engineering, Inc.
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TABLE 1: Lengths, surface areas and sediment yield estimates for evatiskid trails within Little THP boundary

Little THP Road Ty

Existing Private| Existing Private|
Permanent Seasonal Skid Trall

total road lengths (ft 15,116 19,45)¢ 8,87

road width (ft) 25 25 12

road area (ft"2 377,90( 486,425 106, 5]
erosion rate (ft/yr)* 0.02 0.03 0.0B
sediment yield (ft"3/yr) 7,559 14,598 3,195

sediment yield (yd"3/yr 279.9 540.5 11813 938.7yd"3/yr

Notes
1) Erosion rates: a) native surface (unimproved, dofds = 0.03 ft/yr; rock surfaced roads=0.02
ft/yr) (Source: Upslope Erosion Inventory and Sedim@ontrol Guidance, Part X, California

TABLE 2: Calculation of total sediment yield for disconnected roadbskid trails within the Little THP boundary

Row Calculations Notes
1 938.74 yd"3/yr sed yield: assumes 100% delivery
2 96.76 Ibs/ft"3 wet density from NRCS soil survey
3 2,612.61 Ibs/yd"3
4 1.31 tons/yd"3
5 1,226.29 tonslyr sed yield: assumes 100% of erosion delivered to creek
6 0.405 min2 total drainage area
7 3,026 tons/mi"2/yr | sed yield: assumes 100% of erosion delivered to creek
8 1,513 tons/mi"2/yr | sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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TABLE 3: Lengths, surface areas and sediment yield estimates for apputtereafs and skid trails to the Little THP boundary

Little THP Appurtenant Roads and Skid Trails
Appurtenant
Permanent Skid Trall
total road lengths (ft 27,355 848
road width (ft) 25 12
road area (ft"2 683,875 10,17p
erosion rate (ft/yr)* 0.02 0.03
sediment yield (ft"3/yr) 13,678 30%
sediment yield (yd"3/yr 507 11 517.9yd"3lyr

TABLE 4: Calculation of total sediment yield from appurtenant roadsl skid trails to the Little THP boundary

Calculations Notes
517.9yd"3/yr sed yield: assumes 100% delivery
96.761bs/ft"3 wet density from NRCS soil survey

2,612.61Ibs/yd"3
1.31tons/yd"3
677 tons/yr sed yield: assumes 100% of erosion delivered to creek

338tons/yr sed yield: assumes 50% of erosion delivered to creek

Kamman Hydrology & Engineering, Inc.
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