


For DNR Region Ofﬁce-l_.lm)nly

20118 0

FPAIN #:

Region:

Ol yrhc

Received Date:

9-2-102C

Forest Practices Application/Notification

Western Washington

Project Name:

3TIN10W214 - 31N10W274

PLEASE USE THE INSTRUCTIONS TO COMPLETE THIS APPLICATION.

1. Landowner, Timber Owner and Operator

Legal Name of LANDOWNER

Rayonier Forest Resources L.P.

Legal Name of TIMBER OWNER
[X] Same as Landowner

Legal Name of OPERATOR
[X] Same as Landowner

Mailing Address:
116 Quillayute Road

Mailing Address:

Mailing Address:

City, State, Zip: City, State, Zip: City, State, Zip:
Forks, WA 98331

Phone: (360)463-4650 Phone; Phone:

Email; griffin.ollar@rayonier.com Email: Email;

2. Contact Person

Contact Person:

Phone: {360)463-4650

Griffin Ollar Email: griffin.ollar@rayonier.com

3. Are you converting any portion of the land to non-forestry use within 3 years ofharvest?

[XINo[] Yes If yes, include your SEPA checklist and SEPA determination (if applicable) and county clearing
and grading permit {if applicable).

4. If you are harvesting timber, enter the Forest Tax Number of the TimberOwner: 800-008-727

Contact the Department of Revenue at 1-800-548-8829 for tax reporting information or to obtain a number.

a. Are you eligible for EARR Tax Credit? []No[X]Yes
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§. Are you a small forest landowner per RCW 76.09.4507 See instructions
[XINo []JYes If yes, Check all that apply. If no, skip to Question 6.

[ ] My entire proposed harvest area is on a single contiguous ownership consisting of one or more
parcels.

[ 1 My proposed forest praclices activities are within an area covered by an approved Forest
Stewardship Plan or Forest Management Plan developed in cooperation with DNR,

[ 11 received technical assistance from a DNR small forest landowner Stewardship and Technical
Assistance Forester in preparing this FPA/N.

[ 11 have participated in a Washington State University Extension Service and/or DNR-sponsored
Forest Stewardship Coached Planning course.

[]1 have attended a Washington State University Extension Service and/or DNR-sponsored Family
Forest Owner Field Day.

6. Are you substituting prescriptions from an approved state or federal conservation agreement or Watershed
Analysis?

[ INo [X] Yes Write 'HCP' or ‘Using Prescriptions’ in tables that apply. Attach or reference prescriptions

and/or crosswalks for approved state or federal conservation agreements or Watershed Analysis

on file at the Region office.

7. What is the legal description of your forest practices?

Section | Township| Range EW Tax Parcel Number County
21 3 10 w Forestland Clallam
22 ) 10 w Forestland Clallam
27 H 10 w Forestland Clallam
28 AN 10 w Forestland Claflam

8. Have you reviewed this forest practices activity area to determine whether it may involve historic sites and/or

Native American cultural resources? Read the instructions before answering this question.
{(X]No []Yes Ifyou made any contacts, please provide information in Question 28.
9. Do you have a DNR approved Road Maintenance and Abandonment Plan (RMAP)?

[1No Is a Small Forest Landowner RMAP Checklist required(see instructions}? []No[] Yes

[X} Yes Enter your RMAP number: 2610100
Is this FPA/N for work that is included in this approved RMAP?  [X]No []Yes

10. Are there potentially unstable slopes or landforms in or around the area of your forest practices activity?

[ INo [X] Yes If yes, attach Appendix D. Slope Stability Informational Form and map of areas reviewed for
and locations of unstable slopes and landforms found. If applicable, attach a geotechnical
letter, memo, or report, Watershed Analysis prescriptions, and/or a SEPA Environmental
Checklist.
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11. Is this Forest Practices Application/Notification (answer every question):

a. [X]No

b. [X]No
c. [X]No
d. [X]No
e. [X]No

f. [X]No
g. [X]No

h. [X]No

i. [INo

j. [XINo

[1Yes A requestfor a multi-year permit? If yes, length requested: [l4dyearsor{]5
years. Not everyone qualifies for a multi-year permit. See instructions for details.

[]Yes An Alternate Plan? If yes, include a template or detailed plan. See instructions for details.
[]Yes For a funded Forest Family Fish Passage Program project?
[ ] Yes Within an urban growth area? If yes, see instructions for additional required documents.

[ ] Yes Within a public park? If yes, include SEPA Environmental Checklist or SEPA Determination,
except for harvest/salvage of less than 5,000 board feet within a developed public park.

Park name:

[]1Yes Within 500 feet of a public park? Park name:

[1Yes Inan approved Conversion Option Harvest Plan (COHP) from the local government? If yes,
include a copy. This only applies to proposals within urban growth areas.

[ 1 Yes Within 200 feet of the Ordinary High Water Mark (OHWM) or floodway of Type S Water?
If yes, check with the county or city to determine whether a substantial development permit
is required under the local shorelines master plan.

[X] Yes Within 50 miles of saltwater AND you own more than 500 acres of forest land in
Washington State? If yes, include Marbled Murrelet Form or attach/reference HCP
prescriptions.

[] Yes In or directly adjacent to a potential Channel Migration Zone (CMZ)? [f yes, include CMZ
Assessment Form. Attach/reference applicable HCP and/or Watershed Analysis prescriptions.

You are required to verify all waters within 200 feet of your proposed forest practices activities prior to
submitting a Forest Practices Application / Notification. Use the Water Type Classification Worksheet and/or a
Water Type Modification form to explain how you verified water types. See Water Typing Requirements in the

instructions.

*****If not working in or over typed Waters. skip to Question 16 *****

Prior to answering Questions 12-15 in this section please refer to the Forest Practices Application Instructions
and Forest Practices Board Manual Section 5.

12. Are you proposing any of the following projects NOT permitted by current HPAs from WDFW?

a. [X]No []Yes Installing, replacing, or repairing a culvert at or below the bankfull width of Type S or F

Water(s) that exceeds a five percent gradient?

b. [X]No []Yes Constructing, replacing, or repairing a bridge at or below the bankfull width of unconfined

streams in Type S or F Water(s)?

c. [XINo []Yes Placing fill material within the 100-year flood level of unconfined streams in Type S or F Water(s}?

13. Have you consulted with DNR and/or WDFW about the proposed hydraulic project(s) in or over Type SorF

Water?

[X]No []Yes
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14. If installing, replacing, removing, or maintaining structures in or over any typed Water, complete the table
below. Provide crossing locations and identifiers on your Activity Map. Provide plan details in Question 28 or attach
plan to the FPA/N. Type S and F Waters require detailed plan information. Complex hydraulic projects in Type N
Waters may also be required per WAC 222-24-042(2). See instructions for detailed plan requirements.

g N e '223&3; s(t;uﬁ;;ua m Proposed cm\;:;tthl::’?ign 2| a
Q i = i i — e =
5t 22 |& 3| S5 | [l | forlBqupm | o width | (no-sfape, P -
2 3 >~ | T83 B Pace. ot x length) stream-sim =0 E"’ €5
o< tg ge 2 a8 et Lrossing hyd !ic, BLED O :i
£8 S, | 838 43 temporary, | puncheon/ill y ‘;f'” ' EE o £5| 59
8 g 2o & Z O L= structure , arch, pipe other) ET s | s g a
3 = S | w = a8 | maintenance) | arch, round (FandSonly) | G~ & | B il
a culvert, I ==
other)

Pe209 ns | - : Install Culvert 24'x50 - - | N
DC73_05%3'5 NS - - Replace Culvert 24"x50 - - N
D(‘;' 2233%3 7 NS - - Replace Culvert 24"x30° - N
DC 2003.7 oYY

43+45 NS - - Install Culvert 24"x26 - N

*Existing HPAs issued by WDFW will be complied and enforced by WDFW until expiration. Plan details are not
required for hydraulic projects permitted with an existing HPA {see instructions).

"*Fords and/or equipment crossings on Type S and F Waters may result in an unauthorized incidental take of certain
threatened or endangered fish species. For more information, see ‘Background for the State's Incidental Take Permits

for certain threatened and endangered fish species’ following Question 22 of the FPA/N Instructions.

15. If conducting any of the following activities in or over typed Water(s), complete the table below. Some
activities will require identifiers on the Activity Map and/or more information in Question 28. See instructions.

*Activity Type S Water | Type F Water | Type Np Water | Type Ns Water |
Equipment Crossing** PROVIDE DETAILS IN QUESTION 15 X
Suspending Cables X X

 Cable Yarding X
LWD Placement/Removal
Beaver Dam Removal e
Felling and Bucking 3= X
Other (describe in Question 29)

** Fords and/or equipment crossings on Type S and F Waters must be identified in Question 14.
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16. If constructing or abandoning forest roads, complete the table below. Show the road locations and identifiers
on the Activity Map. Include abandonment plans for all temporary roads and abandonment projects.

. Road Construction Road Abandonment
Road identifier
(name, number) Length Steepest Length Abandonment
{feet) Side-slope (%) (feet) Date
DC 2003.8 325 25%
DC 2003.9 650" 40%
DC 2003.5 175 20%
DC 2003.51 300 20%
DC 2003.511 100° 20%
DC 2003.512 75 10%
DC 20037 150° 30%
DC 2003.73 100’ 30%

17. If depositing spoils and/or expanding or developing a rock pit for forestry use, complete the table below.
Show locations and identifiers on the Activity Map.

WA3

Spoil Area Amount of Spoils Rock Pit [dentifier Acres of New Acres of Existing
Identifier Deposited {name, number Rock Pit Rock Pit
{letter, number} {cubic yards) or fetter) Developed Expanded
DC 2003.5 15+00 400

18. If operating within 200 feet of a wetland that is not associated with Type S or F Water, complete the table
below. Wetlands associated with Type S or F water should be listed in Question 25. Show the boundaries of
each wetland, along with its identifier, and Wetland Management Zones on the Activity Map. See instructions

for information.

How How
I‘:jv::t?#:r W;;I;:d Planned A cl:tli:rig‘::ln Total many many
(latter (A B Activities in Maximum Wetland | Acres will | Acres will

number) | Forested) Ll Width WMZ Aoroa | aize o | et

Unmapped | Forested Harvest N/A <3 acres ] 0

i
*r*x** If not harvesti r salvaqging timber. ski ion FEEER
January 2020 - Western Washingion FPA/N Page 50of 9
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19. If harvesting or salvaging timber, complete the table below. Show all harvest areas and unit numbers on the
Activity Map. For even-aged harvest units, also show surrounding stand information on the Activity Map.

b
- [ Harvest Method 2 S| ER 2R £ g
§ | HarvestType | E _| (rubbertired skidder, tracked skidder, | 83 | 2E | 385 =% | &2
E | (Even-aged, | x €| dozer, shovel, full suspension cable, | 8 @ cB|>28 % 2l w5
Z | Uneven-aged, | @ S leading end suspension cable, 23| ES| 285 €% | 8%
- > : . e -] 2 T o 8
= Salvage, & helicapter, cable assist/iethered 8 | 3 Ll 32 2o
[ . E 5 5 = < X o £ .g ~ O = c
S | Right-of-Way) | & logging, animal, chipper, forwarder, >8 | 895 > T H

m slash bundler) T m= an T
1 Even age Y Shovel, Cable, CATL 7.8 160 75 100% 50
2 Even age Y Shovel, Cable, CATL 36.3 720 320 | 100% | 100
3 Even age Y Shovel, Cable, CATL 418 840 400 100% 100
4 Even age Y Shovel, Cable, CATL 10.3 200 80 100% 50

20. Reforestation. Check all that apply:
[X] Planting. Tree Species: DF, §8, RC, WH

[ 1 Natural. Include a Natural Regeneration Plan
[ ] Not required because of one or more of the following:

[ 11 am converting some or all of this land to non-forest land in the next 3 years or lands are exempted
under WAC 222-34-050.

[ 1 Individual dead, dying, down, or wind-thrown trees will be salvaged.

[ ] Trees are removed under a thinning program reasonably expected to maximize the long-term productivity
of commercial timber.

[ 1! am leaving at least 100 vigorous, undamaged, and well-distributed saplings or merchantable trees per acre.

[ 1 An average of 190 tree seedlings per acre are estabiished on the harvest area and my harvest will
not damage them.

[ ] Road right-of-way or rock pit development harvest only.
o n E than r f forest land in Washi n? If i ion 25 * *
21. Are you using the exempt 20-acre parcel riparian management zone (RMZ} rule (WAC 222-30-023) on Type S,
F, or Np Waters?
[INo Skip to Question 25.

[1Yes Continue to Question 22. See instructions for qualifications and information

Page 6 of 9
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22. Choose the answer below that best fits your situation. Show all RMZs on the Activity Map.
a. []ALL of the following apply to me and my land: (If no, answer b.)

= Between June 5, 2006 and today's date | have always owned less than 80 acres of forest land
in Washington.

= Between June 5, 2006 and today’s date this parcel has always been 20 acres or less of contiguous
ownership. See RCW 76.09.020 for definition of ‘contiguous’.

= Between June 5, 2006 and today's date this parcel has always been owned by me or someone else that
has owned less than 80 acres of forest land in Washington.

b. ONE OR MORE of the following apply to me and/or my land {check all that apply):
If any of the statements below apply AND you use the exempt 20-acre parcel RMZ rule, you are NOT
authorized under the State’s Incidental Take Permits (see explanation in FPA instructions under

Question 22).

[ ] Between June 5, 2006 and today's date | have owned more than 80 acres of forest land
in Washington,

[ ] Between June 5, 2006 and today's date this parcel has been a part of more than 20 acres
of contiguous ownership. See RCW 76.09.020 for definition of 'contiguous’'.

Between June 5, 2006 and today's date this parcel has been owned by someone that has owned

23. iIf barvesting within 115 feet of a Type S or F Water on an exempt 20-acre parcel, complete the table below.
Show RMZs and stream segment identifiers on the Activity Map. If you are harvesting within 75 feet or within the
maximum RMZ (whichever is less), stream shade must be assessed and met following harvest. Describe in Question
28 how stream shade was determined to be met, using the 'Appendix F. Stream Shade Assessment Worksheet' if

necessary.
Stream Are you harvesting
Segment | WaterType | SegmentLength | Bankfull Width | RVZHaximum within the
Identifier (S, F) (feet) (fost) oo maximum RMZ?
{letter) {Y orN)

24. Are you harvesting within 29 feet of a Type Np Water on an exempt 20-acre parcel?

[]No Skip to Question 27.

[ ] Yes See instructions and describe leave tree strategy in Question 28. Then skip to Question 27.

25. If harvesting within 200 feet of any Type S or F Water or periodically inundated areas of their associated
wetlands, complete the table below. Include Desired Future Condition (DFC) for all inner zone harvests unless
you have an HCP prescription. Show RMZs, CMZs, and stream segment identifiers on the Activity Map. If you
are harvesting within 75 feet or within the maximum RMZ, whichever is less, stream shade must be assessed and met
following harvest. Describe in Question 28 how stream shade was determined to be met or use the 'Appendix F.
Stream Shade Assessment Worksheet’ if necessary.

Page 7 of 9
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Stream Total
Segment \_Ir\l;;eer C?ai:; Stream Width :‘sé::;g ngol;:gf st DFC Run width of
Identifier {feel) : ; RMZ

(letter) (S, F) {(f-v) (YorN) (see instructions) (feet)

26. If harvesting within 50 feet of Type Np Water, complete the table(s) below. Show RMZs and stream segment
identifiers on the Activity Map.

Stream Total Stream | Length of No-Harvest, Stream Total Stream | Length of No-Harvest,
Segment Lengthin 50-foot Buffers in Segment Length in 50-foot Buffers in
Identifier | Harvest Unit Harvest Unit Identifier | Harvest Unit Harvast Unit

{letter) (feet) (feat) (letter) {feet) (fest)
Ck 1 740 340

27. How are the following currently marked on the ground? (Flagging color, paint color, road, fence, etc.)

Harvest/Salvage Boundaries: Blazed & painted orange with pink ribbon

Clumped Wildlife Reserve Trees/GreenRecruitment Trees: Scattered or within RMZ's

Right-of-Way Limits/Road Centerlines; _C/L staked and painted blue with blue ribbon

Strearn Crossing Work: Blue flagging and blue paint

Riparian Management Zone Boundaries andLeave/Take Trees: Blazed & painted orange with pink ribbon &

orange ringed leave frees.

Channel Migration Zone: N/A

Wetland Management Zone Boundaries and Leave/Take Trees: _N/A

28. Additional Information {attach additional pages if necessary): For hydraulic projects in or over Type S, F, or
complex N Water(s) see instructions for required plan information. |f applicable, include mitigation measures from a

geotechnical memo, letter, or report.

This permit falls under a Marbled Murrelet SHA. See attached SHA flowchart and crosswalk documents.

See attached geo tech report. The geotechnical report prescribes specific mitigations which the landowner intends to
implement. Specifically: With the exception of road waste on terrain type 2 (see geo report terrain map), All excess
road waste will be hauled to an approved waste area {FPA 2616990}, west of the harvest area.

Page 8 of 9
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28. We acknowledge the following:
+ The information on this application/notification is true.
« We understand this proposed forest practice is subject to:
The Forest Practices Act and Rules AND
= All other federal, state or local regulations.

= Compliance with the Forest Practices Act and Rules does not ensure compliance with the Endangered Species Act
or other federal, state or local faws.

« If we said that we would not convert any portion of the [and to non-forestry use, the county or city may deny
development permits on this parcel for the next 6 years.

« The following may result in an unauthorized incidental take of certain endangered or threatened fishspecies:
o Conversion of land to non-forestry use.
o Harvesting within the maximum RMZ on a 20-acre exempt parcel that was acquired after June 5,2006.

o Equipment Crossings/Fords in or over Type S and F Waters.
Inadvertent Discovery — Chapters 27.44, 27.53, 68.50 and 68.60 RCW

o I you find or suspect you have found an archaeological object or Native American cairn, grave, or glyptic
record, immediately cease disturbance activity, protect the area and promptly contact the Department of
Archaeology and Historic Preservation at 360 586-3077.

- If you find or suspect you have found human skeletal remains, immediately cease disturbance activity,
protect the area, and contact the County Coroner or Medical Examiner and local law enforcement as soon as
possible. Failure to report human remains is 2 misdemeanor.

The landowner understands that by signing and submitting this FPA, he/she is authorizing the Department of
Natural Resources to enter the property in order to review the proposal, inspect harvest operations, and monitor
compliance for up to three years after its expiration date. RCW 76.09.150

Signature of Legal LANDOWNER Signature of Legal TIMBER OWNER* Signature of Legal OPERATOR

Z :/,, {If different than landowner) (If different than landowner)

Print Name: in Ollar Print Name: Print Name:

Date: ?/ 7/ / / 2 T Date: Date:

* NOTE: If you are a “Perpetual Timber Rights Owner,” and are submitting this without the Landowner's Signalure, provide
written evidence the landowner has been notified.

Please make a copy of this FPA/N for your records. If this FPA/N contains a hydraulic project requiring WDFW

concurrence review, it will not be available online for public review until after the WDFW concurrence review
period.

January 2020 — Western Washington FPA/N Page 9 of 9
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Crosswalk between SHA prescriptions and WAC under Rayonier Operating Company, LLC SHA for Myghledse
Murrelet in Western Washington.

Project Name:

FINITWETa27d

. | SHA
Used Land Catepory Activity SHA Rx Sectinn Forest Practice Rule WAC
| Reference
0% binfogical surs ey s, reereation. and other shonitoring and — [nw limitation L 222-16-080 (h) (ap i) Critical
conservation measures that do ot neeativeds affect Hahitas (state) of threatenced snd
habitat values. as well as d use and eodangered species
o existing roads
s Salvage of downed, dead. dving, or wind-thrown timber  Jupphy disturbance as iidance messures contained in R X)X 222-16-08006) taddiii Critieal
WAC 122-24-030, WAL 222-30-050, 61, -063, 070, Hahitats {state) of htealetied and
and - 00 aated st foacds are comstricted endangered specics
08 lzarvest {other than salvage) no hanvest 4k 5.2 [222-16-0K0 (61 {ab (aii) Critical
Habitats (stateh of threatened and
endaneered species
it hinlogical surevs. recreation. and other monitoring and  |no [Enitation 4.0
consen ation measures that do not negatisely allect
{habit values, as well aw contimued wse and mainenance
ot existing roads
L] Saltage of downed, dead. dy ing. or wind-thrown timber  |apply disturbance oy nidance measures contained in 404
WAC 2222440030, WAL 222-30:050), -060. 165 070,
and - 1 () and nu reads ane constructed
PH wiin 306 of har est {other than salvoge) oy har est LX)
I'FH
PEL = 300" of FEB - |har est iether than salvage) landow ner discretion, cxeept no har ost it comained 4.0 222-16-080 (6) ta) (iiih Critical
designated 433 acres Habitats (state) of threatened and
cndanvered specics

SHA TN biological surveys. reereation. and ather monitoring and — [ne limitaen s 222.16-080 (£} {a) tizi} Critical
cemsen atien measures that do not negatively ailect liabitats (state) of threatened and
habitat values. as well as }use and endangered species
ol existing roads

A% Salvage of downed, dead, dying, or wind-thrown ttmber  japply disiurhance oy oidance menswres contained in 40y 222-16-080 {6} () (kD) Crtical

WAC 222-24-03 WAL 222-30-031, 060, 065, 070, Mabiats (state) of threatened and
and =110 and no roads are constructed Vendangered species

RN LS han est {other than sabage) upply disturbance aveidance measures contained in 40, 5.2, [|222-16-08046) (2)4iii) Critical

WAC 2222300, WAC 22231050, A6l 063, 070, | Exhibit D |Habizats {sare) of threatened and
and - 1{{) and appiv Exhibit [¥ selection harest endaniered spegies
prescription
FI-I] all ferest practices apply standard rules in conformance with WAC 223,304 4.0kb, 222-16-080 ¢6) ta) (ix) Critieal
Q20(7, 8, and 9). 222-304021, 222-30-030, Fores) Exkbubit C |1 Eabieats {stare) of threatenced aad
Practices Board Manual Sections 1. 2, 7. B, and %) or etulangered species
x buiTers or set-asides on unstable or potentally unstable
slopes (WAC 222-16-080 (1) (): Forest Practices
| Board
| Manual Section [6)
AF all Fest prachices apply stardard rules i conlormance with WAC 222.304 Alhe. 222-16-0R(F (6} {23 tiii) Critical
020 (7, K. and 9). 222-10-021. 222-3G-040; Forest Exhibit C | Habitais ¢stare) of threztencd amd
Practices Board Manual Sections 1. 2. 7. . and %}, or d d species
“ buffers ur sci-astdes on unstable or potentialiy unstahle
siopes {WAC 2221650 (1} (d): Forest Practices
Board
Manual Section 16)

ME 5] biutogical surveys, reereation, other monitoring and - limstation 32 222-16-0%0 (63 (b (¢l Criticak
conservation measures that do not negatis eby atfect Habitars {state) of theeatened amd
habitan vabues, cominued wse and mainieneace of existing endanpened species
roads, use and sstablishmen of sarding corridors.

e roacd crissings i nevessan
MB (%) salvage harvest no [imitation. 52
MIVIIS] har est (vther than salvage) apply disturbance avoidance measures contained in 33 222-16-080 (6) ta} (idi} Critical
WAL 222-24-030, WAC 222-30-050, -6, 063, 070, Hahbitats (s2a1¢) of threatened and
andd - HIO gnd apply rerention reguirements specilicd in eniangered specics
WAC 222-16-080( 1) thi vy
nid enrolled all forest practices apply standard rules 44.d 222-1032 SLPA geidehnes for
= 1 51 miles marbled murrelets: 222-16-080 (1)
th) Critical Habitats {st21e) off
marbled inurelet
not enreshled all forest practices st Fimiatan 10d 222. 1042 SEPA guidelines for
»30 miles marbled mesrelets: 222-16-080 (1)
thy Crtical Habitats (state) ol
marbled 3
FIW = Fomest & Fish Bullers

085 - Occupied Site: P1E -Presummed [Habatat: SHA 08 - SHA - Saie Harbar Occupied Site, FFB - Forest and Fish ButTers, AF - Adjacent Forest; MB - Managed

Bufier;




y

DECISION TREE FOR CLASSIFICATION OF FOREST PRACTICES under
RAYONIER OPERATING COMPANY, LLC SHA for
MARBLED MURRELET in WESTERN WASHINGTON

Sale Id: 31N10W214 - 274

1.

Is the proposal within 50 miles of salt water

YES—2

NO—non-enrolled lands—apply standard FP rules (STOP)

2617656

Is the proposal exclusively on enrolled lands and limited to forest practices involving

salvage harvest, use or maintenance of existing forest roads, establishment or use of
yarding corridors, or establishment of road crossings
YES—attach narrative description of proposal and SHA prescriptions applied--8

NO—3

Are portions of the proposal within 300" of the following habitat types

(indicate all which apply)

SHA Habitat Type Propaosal is within Proposal is within
habitat type 300' of habitat type

Occupied Site [0 apply no harvest [J apply managed

identified prior to SHA prescription 7 buffer SHA

February 2, 2021 prescription 7

Forest stand (3 apply Exhibit D O 6

determined to be SHA prescription 7

occupied after

February 2, 2021

Presumed Habitat O 4 a7

None present X 7

4. |s the Presumed Habitat within 300' of Forest & Fish Buffers
O YES—apply no harvest SHA prescription—-7
O NO--5

5. s the Presumed Habitat designated for retention under the SHA

O YES—apply no harvest SHA prescription--7
O NO—available for harvest--7
6. |s the SHA Occupied Site located on lands owned by the permit holder
O YES—available for harvest--7
O NO'—apply managed buffer SHA prescription--7
7. Are portions of the proposal on lands >300' from Forest & Fish Buffers
X YES—non-enrolled lands are present--8
O NO—9

8. Do 32" dbh or larger conifers occur in the Non-Enrolled Lands
O YES—Complete Appendix J Marbled Murrelet Form

X NQO—available for harvest--9

9. Proposal is not Class 1V-S pursuant to WAC 222-16-080 (6) (iii)?

! Proposal is within 300" of off-site (i.e., not owned by permit holder) occupied Possible Suitable Habitat.
2 Note that ‘not Class IV-5' as determined here does not preclude Class IV-Special designation for
reasons other than the presence of critical habitat (state) for marbled murrelet.

Rayonier Operating Company, LLC MM SMA worksheet 4127121
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Appendix D. Slope Stability Informational Form

Complete and attach this form to your FPA/N if you indicated you are working in or around potential unstable
slopes or landforms. Instructions for this appendix is located in in the Forest Practices Application/Notification
tnstructions document. Refer to WAC 222-16-050(1)(d) and Forest Practices Board Manual Section 16 -
Guidelines for Evaluating Potentially Unstable Slopes for definitions and descriptions of potentially unstable
slopes or landforms.

1. a. What preliminary screening tools were used to identify unstable slopes or landform features in and/or
around your proposal?

Aerial Photo LiDAR Landslide Inventory GIS Field Review [] Other, describe:

b. Did any of the features identified during the preliminary screening (1.a.) not exist when you performed a
field review? No, go to Question 2.a. (] Yes, describe:

2. a. Are you conducting forest practices activities in or over potentially unstable slopes or landforms?

X Inner Gorge [0 Groundwater recharge areas for glacial deep-seated landslides

(O] Bedrock Hollow [0 Convergent Headwall [J Outer edges of meander bends

[] Toe of deep-seated landslide with slopes 2 65%

[X] Category E - see instructions and describe below (i.e.. Active deep-seated landslides and others)
[0 Other, describe:

Harvest on bedrock DSLs and their associated recharge areas.

b. What activities may occur in or over potentially unstable slopes or landforms? Check all that apply:
Timber harvest [X] Road construction Suspending cables Yarding Tailholds

3. a. Are you conducting forest practices activities around potentially unstable slopes or landforms?

X Inner Gorge [ Groundwater recharge areas for glacial deep-seated landslides

(J Bedrock Hollow [0 Convergent Headwall [ Outer edges of meander bends

Toe of deep-seated landslide with slopes = 65%

[X] Category E - see instructions and describe below fi.e.. Active deep-seated landslides and others)
[X] Other, describe:

Harvest adjacent to aclive scarps of Bedrock DSL's, inner gorges and areas of bank erosion associated with the
Strait of Juan de Fuca.

b. What activities may occur around potentially unstable slopes or landforms? Check all that apply:
Timber harvest Road construction Suspending cables Yarding Tailholds

December 2019 - Appendix D: Slope Stability Information Form Page 1 of 2
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4. a. Were any features identified in Question 3.a. excluded from your forest practices activity?

[] No, go to Question 5. [X] Yes, continue to Question 4.b,

b. Describe the field indicators you used to exclude potentially unstable slopes or landforms from your forest
practices activity (i.e.: lagging was plfaced a crown width away from the break in siope of the inner gorge.):

Inner gorges were protected by leaving any tree that is rooted in the |G feature. Active scarps, araas of bank
erosion and shallow rotational slides were protected as prescribed in the geotechnical report.

5. Are there areas of public use located in or around the area of your proposed forest practices activity?
[J No, go to Question 6  [X] Yes, check all that apply and show locations on the map in Question 7,

Public Road(s) Utilities [] Designated Recreation Area(s) [] Occupied Structure(s)
Other, describe:

Highway 112 a State Scenic Byway bisects the harvest area. Public uilities including power and phone are located
along HWY112. The beach area along the Strait of Juan de Fuca is remote but is likely infrequently used by
recreationisis.

Regarding Q6. Multiple site visils were made belween May 2016 and April 2022.

6. Complete the table below with date(s) and person(s) that conducted field review(s):

Date Name Title/Position
Julie Dieu Licensed Engineering Geologist
Bill LaPrade Licensed Engineering Geologist

7. Attach a map that shows the following;

s Show all areas reviewed.

®  Show locations of unstable slopes and landforms that were identified as described in Question 2.a.
and 3.a. above.

= Show locations where areas of public use exist as described in Question 5 above.

This map is intended to be developed by the field practitioner. This can be a forest practices activity map,
harvest map, or GIS map - See instructions for example map.

December 2019 — Appendix D: Slope Stability Information Form Page 2 of 2
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FPA 2617656
The Geotechnical Evaluation Report is available for download here:

https://deptofnaturalresources.box.com/s/r195zrksrdomkidlakgtxu8fgv2k12vt
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APPENDIX C

Harvest Units 3INT0W214 and 31N10W274
Geotechnical Evaluation Report

» C=shape factor (dimensionless), where
o C=[(Hyr)/[Z1 + Zo(Hi/re)]]% where

s 7y, Zz, and Zs are dependent on the values of a* selected.

C.4 LONG-TERM GROUNDWATER LEVEL MONITORING

To measure long-term fluctuations in groundwater levels, a Rayonier representative
installed data logging pressure transducers (Hobo-brand Model U20L) in each of the three
observation wells on December 2, 2020. The transducers were set to the bottom of the well
screen at B-1-20 and to the top of the sediment within the lower well screen at B-2-20 and
B-3-20. (A small amount of sediment entered these latter two wells during the well
development process.) Rayonier also installed a Hobo-brand barometer within the
monument of one of the wells, which was used to compensate the well transducer data for
variations in barometric pressure. Rayonier collected the data from the loggers on May 27,
2021, and December 3, 2021, at which times each well was also manually checked for
groundwater level. Wells B-1-20 and B-2-20 remained dry at the monitoring depths during
this period. Groundwater was present within the lower screen of B-3-20 from the start of
the monitoring period in early December 2020 through early June 2021, and again beginning
in mid-November 2021 through the end of the early December 2021 monitoring period.
Hydrographs for these wells are presented as Figures C-13 to C-15.
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Reynolds, W.D., 2007. Saturated hydraulic properties: well permeameter, in Carter, M.R.
and Gregorich, E.G., eds., Soil sampling and methods of analysis (2nd ed.): Boca
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U.S. Bureau of Reclamation, 1990, Procedure for constant head hydraulic conductivity tests
in single drill holes, in Earth manual, part 2 (3rd ed.): Denver, Colo., U.S. Bureau of
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Zhang, Z.F.; Groenevelt, P.H.; and Parkin, G.W., 1998, The well-shape factor for the
measurement of soil hydraulic properties using the Guelph Permeameter: Soil and
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Rayonier, Inc.
1. The inflow testing at observation well B-1-20 was performed on 9/30/2020. The well was initially dry, Harvest Units 31N10W214 and 31N10W274

The well screen is approximately 5.1 to 10.1 feet below grade, in an B-inch-diameter barehole.
Interpreted bottom of test zone is about 106 feet below grade (top of slightly weathered rock).

. The well test zone was presoaked for 4.5 hours prior to starting the tests. The flow rate was about

0.0156 gpm, which maintained the water level at an average of about 5.3 feet below grade.
Inflow rate was maintained by adding 8 ounces of water every 4 minutes during testing phase.

. gpm = gatlons per minute
. Black and white reproduction of this color original may lead to incorrect interpretation.
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NOTES

. The inflow testing at observation well B-2-20 was performed on 9/30/2020. The well was initially dry.

The well screen is approximately 7.4 to 12.3 feet below grade, in an B-inch-diameter borehole.

Interpreted bottom of test zone is about 12.7 feet below grade (top of moderately to slightly weathered rock).
The well test zone was presoaked for about 6.5 hours prior to starting the tests. The flow rate was about
0.00156 gpm, which maintained the water level at an average of about 6.4 feet below grade.

Inflow rate was maintained by adding 4 cunces of water every 20 minutes during testing phase.

. gpm = gallons per minute
. Black and white reproduction of this color original may lead to incorrect interpretation.
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5w

. The inflow testing at observation well B-2-20 was performed on 8/30/2020. The well was initially dry.

The well screen is approximately 7.4 to 12.3 feet below grade, in an 8-inch-diameter borehole.

Inlerpreted bottom of test zone is about 12.7 feet below grade (top of moderately o slightly weathered rock).
The well test zone was presoaked for about 6.5 hours prior to starting the tests. The flow rate was about
0.00156 gprn, which maintained the water level at an average of about 6.4 feet below grade.

Inflow rate was maintainad by adding 4 ounces of water every 20 minutes during testing phase.

. gpm = gallons per minute

Black and white reproduction of this color original may lead to incorrect interpretation.
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1. The inflow testing at observation well B-3-20 was performed on 9/30/2020. Harvest Units 31N10W214 and 31N10W274
The well screen is approximately 6.1 to 16.2 feet below grade, in an B-inch-diameler borehole. Clallam County, Washington
Interpreled bottom of test zone is about 17.0 feet below grade (bottom of filter pack).
2. The well test zone was presoaked for about 8.5 hours prior 1o starting the tests. The flow rate was about
0.0125 gpm, which maintained the water level at an average of about 6.3 feet below grade. OBSERVATION WELL B-3-20
- Inflow rate was maintained by adding 8 ounces of water every 5 minutes during testing phase. INFLOW TEST RESULTS
a 3. gpm = gallons per minute )
.O 4. Black and white reproduction of this color original may lead to incorrect interpretation. September 2022 21.1-22211-001
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1. The inflow testing at observation well B-3-20 was performed on 9/30/2020. Harvest Units 31N10W214 anq 31N10W274
The well screen is approximately 6.1 to 16.2 feet below grade, in an 8-inch-diameter borehole. Clallarn County, Washington
Interpreted bottom of test zone is about 17.0 feet below grade (bottorn of filter pack).

2. The well test zone was presoaked for about 5.0 hours prior to starting the tests. The flow rate was about OBSERVATION WELL B-3-20
0.0125 gpm, which maintained the water level at an average of about 6.3 feet below grade. INFLOW TEST RESULTS
Inflow rate was maintained by adding 8 ounces of water every 5 minutes during testing phase. "

3. gpm = gallons per minute CLOSEUP

4. Black and white reproduction of this color original may lead to incorrect interpretation. September 2022 21-1-22211-001

SHANNON & WILSON, INC.
Geotachnical end Ervironmental Consultants

FIG. C-6




2617656

IEF21-1 SEA\222008\22211 Rayonier 2016 On-Cali-001 Deep Creski\Fisld Explorations\Constant Head Tests\Hand Borings\HA-1-20WHA-1-20 Hydrograph.xisx Date:2/9/2022

Water Depth Below Grade (feet)

-2 '9Old

-0.2

0.2

0.4

0.6

0.8

1.2

14

1.6

1.8

= = = = Bottom of Interpreted Test Zone

Transducer Data

& Manual Water Level Data

Top of Pea Gravel

weee - Bottom of Pea Gravel & Boring During Testing

LTI

Begin Inflow Tests

1’-____

N Approximate K=11to

17 feet/day

0 10 20 30 40 50
Elapsed Time Since Start of Presoaking {minutes)

NOTES

. The inflow test at hand boring HA-1-20 was performed on 12/3/2020. Boring was initially dry.

The~5-inch-diameter borehole was open to approximately 1.7 feet below grade, with a 2-inch-diameter
pipe setin pea gravel. Interpreted bottom of test zone is about 1.5 feet below grade.

. The test zone was presoaked starting 50 minutes prior to lesting. The flow rate was typically about

0.168 gpm, which maintained the water level at an average of about 1.05 foot below grade.
Inflow rate was maintained by adding about 54 ounces of water about every 2.5 minutes during testing phase.

. gpm = gallons per minute
. Black and white reproduction of this color original may lead to incorrect interpretation.
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. The inflow test at hand boring HA-1-20 was performed on 12/3/2020. Boring was initially dry.

The~5-inch-diameter borehole was open to approximately 1.7 feet below grade, with a 2-inch-diameter
pipe set in pea gravel. Interpreted bottom of test zone is about 1.5 feet below grade.

. The test zone was presoaked starting 50 minutes before testing. The flow rate was typically about

0.169 gpm, which maintained the water level at an average of about 1.05 foot below grade.

Inflow rate was maintained by adding about 54 ounces of water about every 2.5 minutes during testing phase.
. gpm = gallons per minute
. Black and white reproduction of this color original may lead to incorrect interpretation.
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1. The inflow test at hand boring HA-2-20 was performed on 12/2/2020. Boring was initially dry. Harvest Units 31N10W214 and 31N10W274
The~5-inch-diameter borehole was open to approximately 2.2 feet below grade, with a 2-inch-diameter Clallam County, Washington
pipe set in pea gravel. interpreted bottom of test zone is about 2.1 feet below grade.

2. The test zone was presoaked starting 4.2 hours prior to testing. The flow rate was typically about
0.078 gpm, which maintained the water level at an average of about 1.33 foot below grade. HAND BORING HA-2-20

= Inflow rate was maintained by adding about 20 ounces of water about every 2 minutes during testing phase. INFLOW TEST RESULTS
5 3. gpm = gallons per minute _ ) )
.0 4. Black and while reproduction of this color original may lead to incorrect interpretation. September 2022 21-1-22211-001
)
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Rayonier, Inc.
1, The inflow test at hand boring HA-2-20 was performed on 12/2/2020. Boring was initially dry. Harvest Units 31N10W214 and 31N10W274

The~5-inch-diameter borehole was open to approximately 2.2 feet below grade, with a 2-inch-diameter
pipe setin pea gravel. Interpreted bottom of test zone is about 2.1 feet below grade.

The test zone was presoaked starting 4.2 hours prior to testing. The flow rate was typically about
0.078 gpm, which maintained the water level at an average of about 1.33 foot below grade.

Inflow rate was maintained by adding about 20 ounces of water about every 2 minutes during testing phase.

gpm = gallons per minute
Black and white reproduction of this color original may lead to incorrect interpretation.
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1. The inflow test at hand boring HA-3-20 was performed on 12/2/2020. Boring was initially dry.
The~5-inch-diameter borehole was open to approximately 4.0 feet below grade, with a 2-inch-diameter

pipe set in pea gravel. Interpreted bottom of test zone is about 4.0 feet below grade.

2. The test zone was presoaked starling 6.0 hours prior to testing. The flow rate was typically about

0.03% gpm, which maintained the water level at an average of about 2.16 foot below grade.

Inflow rate was maintained by adding about 10 ounces of water about every 2 minutes during testing phase.
3. gpm = gallons per minute
4. Black and white reproduction of this color original may lead to incorrect interpretation.

Harvest Units 31N10W214 and 31N10W274
Clallam County, Washington

HAND BORING HA-3-20
INFLOW TEST RESULTS
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1. The inflow test at hand boring HA-3-20 was performed on 12/2/2020. Boring was initially dry. Harvest Units 31N10W214 and 31N10W274

P

The~5-inch-diameter borehole was open to approximately 4.0 feet below grade, with a 2-inch-diameter
pipe setin pea gravel. Interpreted bottomn of test zone is about 4.0 feet below grade.

. The test zone was presoaked starting 6.0 hours prior to testing. The flow rate was typically about

0.039 gpm, which maintained the water level at an average of about 2.16 foot below grade.

Inflow rate was maintained by adding about 10 ounces of water about every 2 minutes during testing phase.
. gpm = gallons per minute
. Black and white reproduction of this color original may lead to incorrect interpretation.
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Harvest Units 31TN10W214 and 31N10W274
Clallam County, Washington
NOTES
1. Long-term manitoring of groundwater levels at B-1-20 was performed from 12/2/2020 to 12/3/2021. OBSERVATION WELL B-1-20
The well screen is approximately 5.1 to 10.1 feet below grade, in an 8-inch-diameter borehole. LONG-TERM HYDROGRAPH
2. Transducer tip was at well bottom. Transducer readings at/below the transducer tip
indicate transducer was dry.
3. Black and white reproduction of this color original may lead to incorrect interpretation. September 2022 21-1-22211-001
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NOTES

. Long-term monitoring of groundwater levels at B-2-20 was performed from 12/2/2020 to 12/3/2021.

The well screen is approximately 7.4 to 12.3 feet below grade, in an B-inch-diameter borehole.

indicate transducer was dry.

. Transducer tip was at top of sediment near well bottom. Transducer readings at/below the transducer tip

. Black and white reproduction of this color original may lead to incorrect interpretation.

Harvest Units 31N10W214 and 31N10W274
Clallam County, Washington

OBSERVATION WELL B-2-20
LONG-TERM HYDROGRAPH
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NOTES

1. Long-term menitoring of groundwater levels at B-3-20 was performed from 12/2/2020 to 12/3/2021.
The well screen is approximately 6.1 to 16.2 feet below grade, in an 8-inch-diameter borehole.

2. Transducer tip was at top of sediment near well bottom. Transducer readings at/below the transducer tip
indicate transducer was dry

3. Black and white reproduction of this color original may lead to incorrect interpretation.
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APPENDIX D

Harvest Unils 3INTOW214 and 31INTOW274
Geotechnical Evaluation Report
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Hydrologic Analysis
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Figure D-1: Modeling Sub-Basins
Figure D-2: Cumulative Rainfall Records, 365 Day Trailing Sum
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APPENDIX D

Harvest Units 3IN10W214 and 31N10W274
Geotechnical Evaluation Report

D.1 MODEL DESCRIPTION

The main objectives of this modeling were to use Gridded Surface Subsurface Hydrologic
Analysis (GSSHA) as a tool to analyze the effects of changes in land cover within the
drainage areas and accurately represent the complex base flow hydrology of the system.
GSSHA was selected for detailed 1-D modeling of the 31N10W214/274 Harvest Units due to
its capabilities to simulate the hydraulic response of sub-basins to episodic rainfall events
with a given hydrometeorological condition. The major components of the model include
the following:

* Precipitation (spatial and temporal variation)
* Precipitation interception
= Infiltration (1-D)

* Evapotranspiration

D.2 MODEL SETUP

The three sub-basins that make up the 31N10W214/274 Harvest Units were delineated from
existing Digital Elevation Model (DEM) data using GSSHA. The U.S. Department of
Agriculture (USDA) program TOPAZ was used to define flow directions and flow
accumulations for each DEM cell. Using the results from TOPAZ, we delineated stream
networks and sub-basin boundaries as input for the GSSHA model as shown in Exhibits
D-1, D-2, and D-3.

GSSHA computes groundwater flow for every grid cell. Although choosing a relatively
small grid size would generate more accurate results, this results in computationally
intensive simulations. For the given drainage area of 205 acres, a grid size of 3 meters was
chosen, allowing for a 60-second time step. The infiltration processes were simulated using
Green and Ampt with redistribution {GAR). The channel roughness was set to a constant
Manning’s n value of 0.05.
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Exhibit D-1: Aerial Image with Gridded Sub-Basin 1 Indicating Elevation Contours
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Exhibit D-2: Aerial Image with Gridded Sub-Basin 2 Indicating Elevation Contours
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Exhibit D-3; Aerial Image with Gridded Sub-Basin 3 Indicating Elevation Contours

The following sections give a brief overview of the different processes represented in
GS5HA, in addition to user-defined model parameters required for simulation.

D.3 MODEL PARAMETERIZATION
D.3.1 Interception

Precipitation interception is the process of rain being retained by vegetation before reaching
the sub-basin surface. GSSHA simulates this process with an empirical relationship that
accounts for an initial volume of water that the vegetation can retain, plus the fraction of
precipitation that can be captured by vegetation after the initial volume of water has been
satisfied. Storage capacity and interception values are usually inferred from land cover
types. The land cover distribution for the East Harvest Unit is as follows:

= Coniferous Forest: Western Hemlock, Douglas Fir, and Sitka Spruce, with a moderate
understory and canopy cover of approximately 85% (Spittlehouse, 1998).

*  Paved Highway: 40-foot-wide impervious surface, free from canopy cover.
*  Fresh Clearcut: Bare earth with minimal slash. No reestablishment of grasses or shrubs.
Several studies have focused on the dynamics of rainfall interception by seasonal temperate

rainforests, such as the coniferous canopies found in the project study area. To simplify our
model parameterization, we elected to synthesize our research findings from several studies
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that were relevant to the conditions located throughout the proposed harvest units to
approximate the GSSHA interception parameters.

For example, Crockford and Richardson (2000), who performed a review of rainfall
interception research for several vegetation types and climates, concluded that coniferous
forests are capable of intercepting rainfall within a range of 10 to 40%. In addition,
Spittlehouse (1998) estimated that mature Western Hemlock forests, with canopy cover of
85%, intercept approximately 30% of the gross rainfall per year. Similarly, Link, Unsworth,
and Marks (2004) found that net canopy interception during rainfall in an old-growth
Douglas Fir-Western Hemlock ecosystem was 23 and 25% of gross rainfall, respectively.
Because our model simulates a relatively wet period for the Pacific Northwest, we chose to
use model parameters that resulted in interception losses approximately one-tenth less than
the annual averages reported in the studies. Exhibit D-4 shows the interception parameters
used in our modeling procedure.

Exhihit D-4: Interception Parameters

Interception Parameters

Storage Capacity Interception Coefficieﬁt
Land Cover (mm) (0.0 to 1.0)
Forested - Low Interception 1 0.2
= High Interception 2 0.35
Paved Highway 0.01 0.99
Fresh Clearcut 0.1 0.02
mm = millimeter

D.3.2 Evapotranspiration

Evapotranspiration (ET) is the combined effect of evaporation of ponded surface water,
water combined in the soil, and transpiration of water from plants. GSSHA uses this
process to monitor soil moisture during long-term simulations. The simulations can be
executed by two methods, the Deardorff (1977) and Penman-Monteith (1965). The
Deardorff method is typically used for bare soil simulation, whereas, the Penman-Monteith
method is best used for vegetated land surfaces. We elected to use the Penman-Monteith
method given the highly vegetated conditions found throughout the proposed harvest
units.

Calculation of ET requires parameter values be assigned to every active grid cell. These
parameters are typically assigned based on land cover or a combination of soil texture and
land cover. Using the Penman-Monteith method, values for land surface albedo, vegetation
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height, vegetation canopy resistance, and vegetation transmission coefficient are required as
input. In modeling the 31N10W214/274 Harvest Units, we elected to apply ET parameter
values used in previous model iterations of the harvest unit to the west due to the similar
site conditions between the two sites. The parameter values are listed in Exhibit D-5 below.

Exhibit D-5: Evapotranspiration Parameters

ET Parameters

Vegetation

Vegetation Radiation Canopy
Albedo Height Coeflicient Stomatal

Land Cover (0.0to 1.0) {m) {0.0 %0 1.0) Resistance (s/m)

Forested — Low Interception

0.15 . 130

- High Interception 30 U2
Paved Highway 0.10 0.01 0.90 500
Fresh Clearcut 025 0.01 0.90 400

m = meler; s/m = seconds/meter

We performed an interception sensitivity analysis. See Section D.3.4 results and discussion
of this sensitivity analysis. It explains our reasoning for running a "high” and "low"
interception scenario in the GSSHA model.

D.3.3 Infiliration

Infiltration is the process where rainfall and ponded water seep into the soil due to gravity
and capillary suction. This process is a function of the soil hydraulic properties and past
moisture conditions, which are related to previous rainfall, runoff, soil moisture movement,
etc.

(GSSHA simulates infiltration in one dimension and can be executed in two main ways: The
Green and Ampt (GA) method and the Richards Equation. In addition, there are two
variations on the GA method available in GSSHA: Multi-layer Green and Ampt, and GAR.
The GAR method was chosen for this analysis as it is suitable for simulating multiple, sharp
wetting fronts, and water is redistributed in the soil column during periods of no- or low-
intensity rainfall. This allows for the infiltration capacity of the soil to recover, making GAR
suitable for simulating multiple rainfall events in a series.

Standard practice in developing GSSHA models is to obtain digital soil texture classification
data to develop an index map of soil types. This was accomplished by taking soil samples,
performing in situ tests, and acquiring data from the USDA Natural Resources
Conservation Service (NRCS) Web Soil Survey (WSS) website
(https://websoilsurvey.sc.egov.usda.gov). Furthermore, we estimated the soil infiltration
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parameters from Rawls and Brakensiek (1983) for values unavailable using the WSS tool.
The parameter values used in our modeling procedure are presented below in Exhibit D-6.

Exhibit D-6: Infiltration Parameters

Parameter Value

NRCS Soil Texture Class Silty Clay Loam
Sol Depth o 161
Saturaled Hydraulic Conductivity® 8.5 fifday
Capillary Head 10.6in
Initial Soil Moisture {cm*/ cm?) 0.20
Total Porosity {cm* cm®) 0.47
Pore Size Distribution? {cm/cm) 0.18
Field Capacity Saturation (cm® cm?) 0.37
Wiiting Point Saturation {em* cm?) 0.21
Residual Saturation (cm?* cm?) 0.04
NOTES:

1 Taken from constant gravity head fest analyses, performed by Shannon & Wilson
on 12/3/2020. Approximate K = 17.2 feet/day; multiply by 0.5 for Green and Ampt
methods.

2 Rawls and Brakensiek (1983) soil parameter estimates

ft = feet; ft'day = feet/day, cm = cenlimeters; in = inches

According to WSS, the proposed harvest units contain two general soil types: Palix loam
and Klahowya silt loam. Despite this, the soil properties used in the parameterization of the
GAR method are homogenous. For example, both soil types have a moist bulk density of
approximately 0.65 to 0.85 grams per cubic centimeter, a saturated hydraulic conductivity of
0.6 to 2.0 inches per hour, and an available water capacity ratio of 0.2 (NRCS, 2018). Because
of this, we elected to model the East Harvest Unit with uniformly distributed infiltration
parameters,

D.3.4 Sensitivity Analysis

The Penman-Monteith method is known to be sensitive to high humidity and can therefore
misrepresent actual ET in wet conditions, like those that we are simulating (Calder, 1993).
Furthermore, using meteorological data from a location with a wetter climate than the
Project site (i.e., Quillayute is wetter than the Deep Creek area) is likely to underestimate ET
losses. Qur simplifying assumption to treat all forest uniformly (rather than distinguishing
stands of different composition or density) is also a source of uncertainty, both for
interception and ET. To account for these uncertainties, we ran the hydrology model for
two bookend scenarios: one with high and one with low interception/ET rates. These
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bookend scenarios were defined in the model by varying the interception parameters for the
interception module and by scaling down the relative humidity in the meteorological
dataset for the ET module. The “high interception” case resulted in total losses of 38% and
the “low interception” case resulted in total losses of 22%. Compared to the scientific
literature noted in Section D.3.1, 38% is at the top of the range reported among all referenced
studies. Twenty-two percent in losses is greater than the minimum reported in these studies
(10%), but one-third lower than the mean of approximately 30%.

We also performed a sensitivity analysis for the infiltration parameters. We ran the model
for the full range of hydraulic conductivities suggested by the soil survey, but the
infiltration results were similar for all of these runs. This is explained by the fact that for a
conductivity of 0.6 inch per hour (the bottom of the range given by the Soil Survey
Geographic Database), almost all of the precipitation that reaches the soil surface readily
infiltrates. In other words, at a conductivity of 0.6 inch per hour, under the modeled
hydrometeorological conditions, the soil column does not saturate and prevent precipitation
from infiltrating. Increasing the conductivity beyond a certain limit does not further
increase infiltration rates or volumes.

D.4 ADDITIONAL INPUTS
D.4.1 Temporally Varied Precipitation

A critical driver in GSSHA modeling is precipitation. The temporal, spatial distribution of
precipitation and accuracy of the storm’s total precipitation are critical to eliminating errors
in the calibration process. Ideally, GSSHA is best paired with radar/rain gauge rainfall data
with a radar grid resolution of approximately 4 square kilometers, offering the spatial
resolution necessary to capture the variability in storm patterns found in the Olympic
Peninsula. GSSHA can process radar precipitation arrays and create rainfall gage density
that is only limited by the pixel density. The analytical tool PRISM has been adopted for our
model calibration work in Deep Creek due to its ability to generate gridded estimates of
daily, monthly, yearly, and event-based climatic parameters, such as precipitation and
temperature. PRISM, developed and maintained by an Oregon State University research
group, estimates hydrometeorological data at a 4-kilometer scale across the U.S. This is
accomplished by use of interpolation techniques that take into account factors such as
elevation, coastal proximity, orographic rain shadow effects, and topographic position.

The PRISM rainfall data cover a period from 2005 to 2020, providing 365-day rolling
precipitation sums. Figure D-2 shows a plot of the daily precipitation data and the 365-day
rolling sums for two nearby rain gauge stations, Quillayute and Sooke Lake North, and the
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point of interest as specified in the PRISM query. From our analysis, we found that the
year-long time window between December 2005 and December 2006 had the highest
cumulative precipitation over the 15-year time span, yielding a total precipitation of 96.23
inches. Because GSSHA requires hourly rainfall data, we used Python to convert the daily
time series data into hourly data by dividing it by 24 and filling in the missing data using
linear interpolation. As a result, we constructed a year-long rainfall data file required for
long-term simulations comprised of a series of single storm events. Exhibit D-7 shows the
rainfall data used in our modeling procedure, aggregated daily.

Rainfall Distribution

Predpitation (inches)
o L) wa s
= (8] »ny (4)] w o [ w

o
tn

0 _ LA ; ! d .
12/20/2005 2/8/2006 3/30/2006 5/19/2006 7/8/2006 8/27/2006 10/16/2006 12/5/2006

Date

Exhibit D-7: Schematic Indicating December 2005 to December 2006 Rainfall Distribution from PRISM
D.4.2 Hydrometeorological Data

In addition to precipitation data, long-term simulations in GSSHA require inputs for air
temperature, atmospheric pressure, relative humidity, wind speed, cloud cover, and solar
radiation. Nearly continuous hourly hydrometeorological (HMET) data were available
from 2000 to 2010. The data was retrieved from the University of Washington Department
of Atmospheric Sciences’ website

(http://www.k12 atmos.washington.edu/k12/grayskies/nw_weather.html) for the Port
Angeles Station and has gone through rigorous quality control to ensure correct hourly
inputs with no gaps in the required data. The meteorological records were compiled to
produce the necessary input files for the long-term simulation from the available table
indicated in Exhibit D-8.
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Exhibit D-8: Required Hydrometeorological Parameters

Parameter Units

Barometric Pressure in Hg
Relative Humidity %
Total Sky Cover %
Wind Speed knots
Dry Bulb Temperature 'F
Direct Radiation W*h/m?
Global Radiation Wh/m?

°F = degrees Fahrenheif; w*h/m? = wat{*haur/square meter

Note, cloud cover data were unavailable for stations located within close proximity of the
Deep Creek area. As a result, we chose to extract hourly cloud cover data from the
Quillayute Station (National Oceanic and Atmospheric Administration [NOAA] Station

No. USW00094240) located approximately 30 miles southwest of the project site. According
to the NOAA, cloud cover data are only available for 1981 to 2010 Normals, which included
percent frequency of clear, few, scattered, broken, and overcast conditions. The statistics are
computed from Integrated Surface Data for 262 stations located across the country and can
be found at https:/{/www.ncdc.noaa.gov/edo-web/datatools/lcd.

D.5 MODEL RESULTS

The focus of the GSSHA modeling is to evaluate the effects of infiltration rates as a function
of changes in land cover: forested to fresh clearcut. This project also offered potential to
inform the support process for the seepage and slope stability analyses found in Appendix E
of the report. The alternative land cover layers developed for the 31N10W214/274 Harvest
Units were simulated using GSSHA for each of the three sub-basins, while holding all other
GSSHA parameters constant in exception to those dependent on land cover.

Based on the GSSHA model output, the variance in infiltration rates between sub-basins 1,
2, and 3 was found to be significantly low. Also, the infiltration rates for a given land cover
designation remained consistent between each grid cell. This is because most of the
simulated precipitation that reaches the ground surface readily infiltrates and, as a result,
does not allow for ponding or overland flow to occur. Therefore, we elected to use a single
grid cell’s set of infiltration hydrographs to represent the proposed harvest units for our
slope stability and seepage analysis.

- September 9, 2022
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Model results for the 3IN10W214/274 Harvest Units are presented below in Exhibit D-9.
Exhibit D-10 indicates the percentages of precipitation infiltrated and losses due to
interception/ET by land cover.

Daily Infiltration Rate by Land Cover

04
Coniferous Forest -
0.35 Low Interception
Coniferous Forest -
03 High Interception
Fresh Clearcut
s
n S ]
D 20.2 t
> &
- .15 ]
<t 3 | |
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E Exhibit D-9: Infiitration Rates Due to Changes in Land Cover
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Exhibit D-10: Summary of Model Results - Infiltration and Interception/ET Losses by Land Cover

Total Depth of Water  Percent of Total Precipitation  Percent Losses due to

Land Cover Infiltrated {inches)! to Groundwater Recharge? Interception/ET?
Forested - High Interception 64.12 66.6% 33.4%
Forested - Low Interception 7447 77.1% 22.9%
Fresh Clearcut 9534 99.1% 0.9%
NOTES:

1 Amount of precipitation infilirated out of the 96.23 inches of lotal precipitation in the simulation period.
2 Equal to (total depth of water infilirated)/{total precipitation).
3 Equal to (total precipitation - total depth of water infilirated)/(total precipitation).

The model results yield an increase in total infiltration due to clearcutting ranging from
21.17 to 31.22 inches or 22 to 33% of total precipitation, respectively.

D.6 DISCUSSIONS AND CONCLUSIONS

The principal hydrologic goal was to simulate the impacts of clearcutting on the local
groundwater system for a single representative year (December 2005 to December 2006).
Previous studies have been conducted that generally agree with our model results. For
example, Sias and Miller performed a study analyzing the hydrologic effects of clearcutting
at the Hazel landslide through the development of a physically based mode! and simulation
(1997). They found that the annual groundwater recharge increased by approximately 11 to
34 inches (16 to 52%) of total precipitation due to clearcutting. The results from our
stormwater infiltration analysis provided in Exhibit D-10 can therefore be used to accurately
assess the infiltration rates that may lead to potential slope instability.

D.7 REFERENCES

Calder, LR., 1993, Hydrologic effects of land-use change, in Maidment, D.R., Handbook of
hydrology, Chapter 13.

Crockford, R.H,, and Richardson, D.P., 2000, Partitioning of rainfall into throughfall,
stemflow and interception: effect of forest type, ground cover and climate:
Hydrological processes, v. 14, p. 2903-2920.

Link, T.E., Unsworth, M., and Marks, D., (2004), The dynamics of rainfall interception by a
seasonal temperate forest: Agricultural and Forest Meteorology, v. 124, no. 3,
p. 171-191.

Ogden, F.L., and Saghafian, B., 1997, Green and Ampt infiltration with redistribution,
Joumnal of Irrigation and Drainage Engineering, Am. Soc. Civil Eng,, p. 386-393.

21-1-22211-001 ' September 9, 2022



2617656

Sl SHANNON &WILSON Rayonier, Inc.

22
)
P
—]
<L
=
<{
>
o
o
]
o
(2
o
—
ac

APPENDIX D

Harvest Units 3IN10W214 and 31N10W274
Geotechnical Evaluation Report

PRISM Climate Group, Oregon State University, 2018: Available:
http://prism.oregonstate.edu, accessed 02/2021.

Rawls, W.]., and Brakensiek, D.L., 1983, A procedure to predict Green Ampt infiltration
parameters, Advances in infiltration, Am. Soc. Agric Eng., p. 102-112.

Sias, J., and Miller, D., 1997, Environmental factors affecting the Hazel Landslide, Level 2
Watershed Analysis, Hazel, Washington.

Shannon & Wilson, Inc., 2019, Geotechnical evaluation of proposed 31N10W017 Harvest
Unit, Clallam County, Washington, Appendix A: Report prepared by Shannon &
Wilson, Inc., Seattle, Wash., 21-1-22211-011, for Rayonier, Inc., Poulsbo, Wash.,
August, p. 1-11.

Spittlehouse, D.L., 1998, Rainfall interception in young and mature conifer forests in British
Columbia, in 23rd Conference on Agricultural and Forest Meteorology: Weather
Data Requirements for Integrated Pest Management, 2-6 November 1998,
Albuquerque, New Mexico, no. 1000, p. 171.

U.S5. Natural Resources Conservation Service (NRCS), 2018, Web soil survey: Available:
http://websoilsurvey.nres.usda.gov/app/, accessed 12/2020.

21-1-22211-001 Seplember 9, 2022

D-12



2617656

|5 -1
e 'ﬁ = 3 Ty 1_ ™
i 7 gt TNy n £™"% Eosi BasinOutinelof3 Profis Location N
oy Reeset
ER o ey [T - :
vy 5 A - \ Szt ESIBasinOnting Z0f3 [ aN1owzra unit o -
. Y . ' i1 “.\._1 * P " A b : % ....2 EastBasinOutline 30f3 [ | 3IN10W214 Unit
AL A ; i ; Bt 0 S5 400
s ==
Feet
a [0 u
l 3 & . g
\ i A h 1
1 !
B,
H "
A SN
Oy,
LT b %
ey
B e [,
1 i ..i.ll-.'.. L ;3':
o ) I .-:“'-Ti:-. }" by
* I| T, i : | *‘&:": iy !
N o NG
Rayorer, Inc.
Harvest Unit 3INTOW214 and JINIOW274
CQlallam A i
8 MODELING SUB-BASINS
2 1 -
o September 2022 21-1 1-22211-004
o SASHANNON SWILSON FIG. D-1




2617656

125

100

Daily Precipitation {mm)

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
—_ Date
E 3 500 PR VPR P i P AL b I P P Pl e — i : "
E | atatimm
@ 3,000 lh,f" 'V(Mdl ,_| 1 J"‘i | lLI_! 16-06-21 .
s i o W \ u ‘* ' A
B 2,500 F MY H“H- 20051420 / ‘ [\ i Vall /Y
22 E‘JI "ﬁ'yf L tn 2006-12-18) " \ f L"\.JJ"HW Y A
'ﬁ v mv‘(\v, | ad )
& 2,000 — ¥ Y -
£ hwmz
3 1,500 g L .
&
& 1,000 - k :
8 20083008 2007 2008 '266'9" TR0T0 207 2012 3013 2014 2015 2078 5017 3018 3078 3030
Date
—— Quillayute State Airport (USW00094240) —— PRISM Interpolation for East Unit Rayonier, Inc.
—— Sooke Lake North (BC) Harvest Units 3TN10W214 and 31N10W274
Clallam County, Washington
Notes: CUMULATIVE RAINFALL RECORDS
1. Rolling sums were not calculated if any daily precipitation data was missing over the 365-DAY TRAILING SUM
cumulation interval.
2. Labels on the lower chart indicate maximum rolling cumulations for each location over the September 2022 21-1-22211-001
pericd of record shown in the plot. Dates in parentheses indicate the date interval for
which the maximum cumulations were calculated. SHANNON & WILSON, INC. | FIG. D-2




2617656

£l SHANNON EWILSON Rayonier, Inc.

o
L
wn
S
—]
<t
s
<L
>
=
-
o
<[
—
(72
o
=
<L
LLl
Q
<L
o
Ll
L
v
L
<
[}
=
Ll
[ 18
(s
<L

Harvest Units 3IN10W214 and 31N10W 274
Geotechnical Evaluation Repori

Appendix E

Seepage and Stability Analyses
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E.1 SEEPAGE AND STABILITY ANALYSIS OVERVIEW

We selected seven transects in harvest units 31IN10W214 and 31N10W274 to evaluate for
slope stability. The locations of these transects, designated A through G, are shown in
Figures 1 and 19 in the main report. We based these transect selections on:

1. Steepness/topography of the hillsides.

2. The evidence of landslide movement or features based on lidar imagery differencing
and our field reconnaissance.

3. Surficial seepage conditions observed during our field reconnaissance.

In our opinion, these seven transects are representative of the stability conditions within
harvest units 31IN10W214 and 31IN10W274.

For each analysis transect, we prepared a coupled seepage and global slope stability
computer model using the software suite Geostudio Version 11. The seepage module of
Geostudio, SEEP/W (Geo-Slope International, 2021), is a two-dimensional, finite-element
seepage analysis program that simulates fluid flow and pressure distribution in saturated
and unsaturated materials such as soil and rock. The global stability module of Geostudio,
SLOPE/W (Geo-Slope International, 2021), uses limit equilibrium analysis methods. The
porewater pressures used in our SLOPE/W global stability analyses were derived from the
results of SEEP/W analyses.

We evaluated the impact of different land cover scenarios within the harvest unit on the
groundwater conditions along the transects by imposing surface infiltration rate versus time
boundary conditions in a 1-year seepage simulation. We then estimated factor of safety (FS)
against slope instability for three locations for each analysis case. See Appendix D for
details about infiltration rate estimates.

Our seepage and slope stability assessment for harvest units 3IN10W214 and 31N10W274 is
intended to evaluate deep-seated landslides. This assessment is not intended to evaluate
erosional or run-out type ground movements.

E.2 SOURCES OF INFORMATION

We based our subsurface condition interpretations for harvest units 3IN10W214 and
3IN10W274 on the following sources of information:

21-1-22211-001 September 9, 2022
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*  QOur geologic reconnaissance site visits to the harvest units. See main text for dates and
discussion of geologic reconnaissance observations.

* Three borings, associated observation wells, and three hand auger holes that we
completed in 2020. See Appendix A for boring logs and drilling and sampling
methodologies.

= Groundwater level data collected from the observation wells between December 2020
and December 2021.

* Laboratory test data from samples collected in our 2020 borings and site reconnaissance
visits. See Appendix B for laboratory test procedures and results.

* Historic Washington State Department of Transportation (WSDOT) reports of landslides
along State Route (SR) 112.

* Published geologic maps of the region.

* Natural Resources Conservation Service Soil Survey Geographic Database (SSURGO)
maps.

E.3 SUBSURFACE CONDITIONS
E.3.1 Geologic Units

The predominant geologic material comprising the slopes is Pysht siltstone and claystone
bedrock. This bedrock is mantled by a layer of weathered Pysht of variable thickness, a thin
layer of glacial till in some areas at the top of the slopes, and soil colluvium (Hc), which we
interpret to be a combination of displaced and reworked weathered Pysht bedrock and
disturbed glacial soil. Typical nearby exposures of Hc and weathered Pysht are shown in
Exhibits E-1 and E-2, respectively.

Based on limited surface exposures and our subsurface explorations, the glacial till appears
to be as thick as a few feet where it is present; however, its coverage is discontinuous and
little was observed east of Sumas Pass. Because the maximum observed thickness is small
compared to the size of landslides we considered in this study, we did not include this unit
in our analyses,

The weathered Pysht bedrock consists of a highly fractured mass of siltstone and claystone
fragments. We consider the individual fragments of this material to have relatively high
shear strength and relatively low hydraulic conductivities. However, due to the fractured
nature of the material, groundwater seepage likely occurs between individual fragments
and its macro-level shear strength is likely dominated by interface friction between
fragments.

21-1-22211-001 September 9, 2022
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We reviewed available historic subsurface data from WSDOT reports. The majority of these
borings were performed within active landslide areas along SR 112 and observed movement
in early spring of 1990 (see Figures 17 and 18 in main text). Based on the 1990 and 1991
WSDOT boring logs, the colluvium that mantles the bedrock in this area likely consists of
highly weathered and fractured sandstone, siltstone, and claystone bedrock.
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Exhibit E-1: Colluvium Exposure
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Exhibit E-2: Weathered Pysht Bedrock

£.3.2 Groundwater Conditions

Exhibit E-3 presents water content test results versus depth for He and weathered and
unweathered Pysht deposits obtained from soil samples from Borings B-1-20 through
B-3-20. These results show a trend of decreasing water content with depth. This trend is
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consistent with a 15- to 20-foot-deep infiltration zone atop more intact and less permeable
Pysht bedrock.
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Exhibit E-3: Water Content Versus Depth for Hc and Pysht Deposits

During our geologic reconnaissance site visits, we observed several seeps, springs, and
channel initiations south of SR 112 (e.g., Points 61, 81, 85, and 125), and at several locations
within the actively moving areas north of SR 112 (e.g., Points 9, 10, 12, 13, 17, 19, and 39).
We did not observe areas of widespread groundwater seepage flowing from the hillsides
that would suggest the groundwater table is at the ground surface uphill and to the south of
SR 112, although there are two sag ponds south of SR 112. In contrast, significant portions
of the ground downbhill and to the north of 5R 112 were wet and had visible ponded water
at the times of our site visits.

E.4 SOIL AND ROCK SHEAR STRENGTH PARAMETERS

We simplified the overburden geomaterials above the Pysht bedrock into a single material
for modeling purposes. Henceforth in this appendix, we refer to this overburden material
as colluvium (Hc).

The strength of the Pysht and primarily weathered-Pysht-derived colluvium material that
dominates the site is complex and depends on several factors, including:

1. Degree of weathering,

2. QOverburden stress,

3. Degree of groundwater saturation, and
4

Amount of shear displacement the material has undergone.

21-1-22211-001 September @, 2022
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The shear strength of this material ranges from the high strength of competent, intact/fresh
Pysht bedrock, down to that of fractured and weathered Pysht, and finally to completely
pulverized, remolded, and saturated clay. We consider these strengths to represent
different degrees of degradation of Pysht bedrock.

Badger (1993) performed a study on the strength of the bedrock material from core samples
from borings near Jim Creek about 5 miles west of the proposed harvest units along SR 112.
He performed direct shear strength tests on bedrock samples along sawcut interfaces to
represent strength along discontinuities. He also reviewed and summarized direct shear
results from an earlier Golder Associates study. These shear strength test results are plotted
against the normal stresses applied during shearing in Exhibit E-4. Other strengths related
to the Badger study included in this exhibit are:

* Two strength envelopes for intact bedrock (one developed by Badger and one developed
by Golder).

* Two discontinuity shear strength envelopes: an Upper Bound envelope defined by a
friction angle of 23° and a Lower Bound with a friction angle of 18°.

21-1-22211-001 September 9, 2022
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Exhibit E-4: Estimated Shear Strength Envelopes and 1993 Direct Shear Test Results

In our opinion, the colluvium material on site could degrade down to that of a normally
consolidated clay (referred to as the fully softened strength) or even down to residual
strength. We estimated the fully softened and residual strengths of the colluvium material
using correlations with clay size fraction (CF = percentage of soil particles smaller than
0.002 millimeter) and liquid limit (LL) developed by Stark and others (2005) and Stark and
Hussein (2010). In general, higher LL and CF values correlated with lower shear strengths.
The fully softened strength is applicable to first time landslides and ancient dormant
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landslides. Residual strength is applicable to the slide planes of active landslides. Both
strength types assume the material has been completely remolded (i.e., lost stress history
and fabric) and saturated.

We performed Atterberg Limits and hydrometer tests on the selected soil and weathered
rock to estimate LL and CF distributions, respectively. These results are enclosed in
Appendix B as grain-size distribution plots and plasticity charts. The test results are also
summarized in Exhibit E-5.

The solid and dashed green lines in Exhibit E-4 represent mean and mean plus one standard
deviation LL and CF results, respectively. Fully softened and residual strength envelopes
are derived from these values plotted in Exhibit E-4.
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Exhibit E-5: Liguid Limit and Liquid Limit Data for Colluvium and Pysht Deposits

We performed a sensitivity analysis on the shear strength of the colluvium. The results of
this analysis are described in Section E.12. The intent of these sensitivity analyses was to
establish colluvium strengths that are consistent with observed conditions in the field.
However, for the bulk of analyses we decided to hold the colluvium shear strength as a
constant parameter because the intent of this study is to evaluate the impact of surface water
infiltration on slope stability. In our opinion, the shear strength of the colluvium is

21-1-22211-001 September 2, 2022
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independent of the hydraulic conductivity. Changing the friction angle would result in
uniform changes in FS for all hydraulic conductivities and land cover (e.g., cleared, forested,
etc.). This study is focused on how forest cover changes the FS, not the absolute FS values.

We modeled the Pysht bedrock as impenetrable in our stability analyses because we
understand the historic landslides in the area have consisted of either colluvium sliding
over the top-of-bedrock surface or very deep-seated movements (i.e., with slide planes
extending into the bedrock) related to tidal/wave erosional undercutting at the shoreline of
the Strait of Juan de Fuca. The latter scenario, in our opinion, is likely unrelated to
groundwater infiltration in the hills to the south of the Strait.

E.5 SOIL AND ROCK SEEPAGE PARAMETERS

Because this study is primarily focused on the relationship between surface water
infiltration and slope stability, the hydraulic conductivity (K) of the colluvium unit is
critical. To estimate K values, we used both falling head field testing (see Appendix C) and
published SSURGO data (see Appendix D). These data, along with the values we selected
for analysis, are summarized in Exhibit E-6 below.

Exhibit E-6: Hydraulic Conductivity Data Summary

Hydraulic Conductivity, K (feet per day)

Range from Well

Geologic Unit Range from SSURGO Testing Value Selected for Analysis
Colluvium {Low K) 1
1to4 1t0 17
Colluvium (High K) 10
Weathered Pysht - 0.05t00.15 0.1
Intact Pysht - 0.008 to 0.05 0.01

Because the colluvium layer is at the ground surface and exposed to direct infiltration, the
K value for this unit is highly influential on the seepage behavior of the hillsides. To
account for the uncertainty of K for this unit, we performed two sets of analyses, one with a
high K value (10 feet/day) and one with a lower K value (1 foot per day}).

We used a porosity (also known as saturated volumetric water content, fg) of 0.47 in our
seepage analyses. This value matches the Gridded Surface Subsurface Hydrologic Analysis
model described in Appendix D. From this porosity value and assuming a specific gravity
of solids of 2.7, we calculated a saturated unit weight (ysar) of 119 pounds per cubic foot for
the colluvium material. Unit weights for unsaturated colluvium were calculated using the
following equation:

21-1-22211-001 September 2, 2022
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Y = Ysat — [Ywater X (8s — 9)]

where: 8 = calculated volumetric water content and ywareg is the unit weight of water.

E.6 GEOLOGIC UNIT LAYERING

We interpreted the thickness of the colluvium based on the borings and hand-auger holes,
geomorphic features from the lidar data, and our field reconnaissance observations. We
also assumed an average bedding plane (and therefore top of bedrock surface) plane dip
angle of about 35° downward toward the Strait of Juan de Fuca (Federal Highway
Administration [FHWA], 1990; WSDOT, 1990a, 1990b, 1990c, and 1991).

We modeled the transects using simplified layering. For the seepage analyses, we
generalized the geologic unit layer thicknesses encountered in the borings and applied them
relatively uniformly across all transects. This layering is depicted in Exhibit E-7.

For our stability models, we assumed that the strength of the upper 50 feet of material could
eventually (i.e., long term) degrade to that of colluvium (see Exhibit E-8). We selected this
depth because researchers have suggested that 50 feet is a practical limit for which softening
can occur in the absence of slope disturbance (e.g., Skempton, 1970; Bjerrum, 1967). At
depth, the confining pressures are large, and microfissures that lead to softening are unable
to open. This is a conservative assumption; however, the level of certainty about the in situ
shear strength in the hillsides and how it could change over time is low and therefore we
deemed it justifiable.

Colluvium

Exhibit E-7: Typical Seepage Model Layering
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Exhibit E-8: Typical Soif Shear Strength Profile for Stability Modeling

E.7 ANALYSIS TRANSECT GEOMETRIES

Our analysis domain geometries for the seven model transects are shown in Exhibits E-9
through E-15 below. We developed the ground surface for these transects using 2018 lidar
data. These exhibits also include the approximate locations of SR 112 and the proposed
harvest units. The inset tables near the lower right corners of the geometries provide
explanations of the applied boundary conditions shown in these exhibits.

The geologic unit layering in Exhibits E-9 through E-15 represents the seepage analyses. We
note that we needed to depart from the typical thickness of weathered Pysht for the
Transect C geometry for a locally higher ridge or “knob” in the hillside. We needed to do
this because the presence of the knob caused numerical instability in the seepage analyses.
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Exhibit E-11: Transect C Model Geometry
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