9) )

SHEET o 4aF o

FROJECT NUMBER
CH2M
BRHILL P15Lo0 -AS.co
SOIL BORING LOG
prosecT _TRI CITY STP LocaTion _O0REGON CITY  OREGON
DRILLING METHOD_MUO _ ROTRRY oriLLers & sauirment _D.KENMZR  DE ORESGON  INC
gLevaTion__H2.50 FT BORE HOLE:__B-l
water LevelSEE TEXT pate: sTarT:_l2l22l%]  riusH: 12]2.2 (31 INSPECTOR €, LU H L.
(] v S
(p-r) SAMPLE . STANDARD SOIL DESCRIPTION 8 éié COMMENTS
w| 2 « | Ex |_TEST RESULTS | (COLOR, RELATIVE DENSITY OR o |a82| IDAILLING PROGRESS,
+z2 | 2 o ui CONSISTENCY, MQISTURE, GRAIN T |@wzé| LOST CIRCULATION,
Fow | § 2| BE BLOWS | BPF | SHAPE AND TYPE, STRUCTURE, % |caz| TYPE OF DEPOSIT,
aas | E 3 |28 - CEMENTATION, ORGANICS, & |3%8| ProsLEms, ETC.
Z — L L - L e - 4 = 5
aan | = F4 = 666 N MATERIAL} Q Sak
g SRICY SRAUEL, POCRLY GRADED, "B ICP-  |Slow, RoUGH DEILLING
F2eALSh| A :Lo-tpc/ . 50/ | ROUUDED GRAVELTD AT LEAST em |TO33FT |
5710 e , 20 30 FIVE 7D LoAgsz _ e
T ‘ SED, S-1cfe Now PLASTIL FIJES, ]
BRolon, Wer; VERY Denes
e SANDY GRQALZL, SAME AS $-b R <ampLer Bounces <+
BAS. , |iogy |PANOT GRALEL, SAME ) WS:gCP - |Surine <PT FOR s8-7)
- _I 4__ 45‘(40/3“ /9‘[1 GM D..] RER L R
) ) DRWWLER WCTES CHAVEST ©
INTRILING  RATEIWD)- -
| AT 3NSFT T
g 0.0 4
_ ;- g~ (ol N /el [TD SILT AMD CLAY-S122D L] B
yis | SB| 12 |390-Gl /9 i s dore 00, wme e | :
- SL|6HTLY 2RITILE, \UNET LATER — —— 1.
FROGAELTS Y-W o ek THICK, —— :
1 GRAY, SLIGHTLY MoisT. — 4
U5 {450 L — |
SLTSTRMNE  SANE AS S3 e
Psalsal s fiyeoly [Mal> ]
\‘\ | . :
] ' END BORING AT 45.8 FEET FUH DRILLING AT
- O, N J
i : les 0w Sprima| Loa Le%”"“‘b .
Pleao MedER_IsmLaTion : (see notkes ow 3prisglten. MY |
1 PLrcermelT of| PERviors TIP:TDP AT 33T, Bpriom| of HSFT -
1 GRAUEL |PAcKi FRom HLSET TO GRouUND SURRACE
7 GenTooiTE SeplL! FRom 18 To 20 FEE i
- RISER P)Eg LETIGTHS. 35 FeeT i,
] i
2 D-17 i

FORM D 1588 578



cam Ty p—

2

aHILL

2M

SHERT | or

PROJECT NUMBER

PIsboo, Ag

SOIL BORING LOG

prosecT 1R} CITY  STP

DRILLING METHOD_ROTRRY mup, CME-T5
ELEvaTiON._ 28837 FEET

LocaTion O€EGON CITY., OREGHN

DRILLERS & eourpMenT D KEMMNER  oF O REGOL)

BORE HOLE:B-12

WATER LEVELSEE TEAT oparte: sTART:_12:]28 | 8] riusn 122981 INsPecToR_CWIH
= SAMPLE STANDARD SDIL DESCRIPTION Q (=2 4 COMMENTS
(FT) = = PENETRATION S |3 &g
8§ < ¢ | Sz | TEST RESULTS | [COLOA, RELATIVE DENSITY OA g |a82| IORILLING PROGRESS,
22| > i CONSISTENCY, MOISTURE, GRAIN F |WS&| LOST CIRCULATION,
Fouw | & 3 | a3 BLOWS | BPP | SHAPE AND TYPE, STRUCTURE, 5 |85 | TYPE OF DEPOSIT,
g | P T |se CEMENTATION, ORGANICS, = |333| proBLEMS, ETC)
o&aa | 2 2 | g | e76"8" | “N” | MATERIAL) v |5aF
BeeIv DRILLING /~1i
4 ISS 4
5 ’nn
sn.r) Louw) TO MEDIUIM PLASTIL- -
Tpa |S-1] 10 [ 1732 | 4 |77 ABouT 39 FINE SALD, ML |
; BRoww; Mows7; SOFT.
\0—1.10.0 '
- SANDY SILT) Low) TO MEDL\LLYE 4;
. s-2| | | =1-1 [ 2 |PLASTICITY [5-20% FIvE SAN ML
L= | BrowsN, APoisT, SoFT 2 T
120 |
SMOY s ) SIMILAR TOS-2.
T s e | £
5150 ST i
SILT, Low TO MEDIUm PLASTIC-
liws [S3 |12 | I-1=1 | 2. |ITY, S-io¥e Five sawD, BROWN, ML ]
. MOIST, soFT, - ]
Jo~00 ' ! : =
SILT; Low TO MEDIUM AASTICT, -
laig |S4] 18 | 1-1-) | 2 |ReouT sy, Five sain, BRowWN, ML i
MOIST, SOFT, -~
250
2552 ls,u:av lp IwcHes;.SJLT: SAme AS e i
. : S- +H DR\ O i
25| SB| 10 | 21428 34 FELER YmeHes: SILTYSonp Fve i Gmugii%iW. g
_—-.FJD MEDIL M S.a.v% 20-25% OkIGHTE % . 4
Dl;'-g]é, Filgs, BROON, MalsT, eﬁﬁj&g‘ SLDU_)) Rousr DRILLING |
o B0 ™ 4T 5FT, ;
Kohas ] D-18 E@

FORM D 1388

5778




SHEET Z m-3

PROJECT NUMBER
Pl 500, A5 -
SOIL BORING LOG
prosecT _IRI CITY  STP LocaTion OREGON CITY, NREGCN
BRILLING METHOD ROTRRY NMUD | (ME-T5 DRILLERS & eaulpmenT D XE MUER DF QPEGCW
ELEvaTioN_SRBT FEET BORE HOLE:_B-13
WATER LevelSEE  TEXT paTe: sTART: 1202808/ minisw: _ 1229181 iNspecToR_CWH
CFT7 SAMPLE STANDARD SOIL DESCRIPTION a (2.3 COMMENTS
= PENETRATION J |9<a |
wl 2 ¢ | &= | TEST RESULTS | (cOLOR, RELATIVE DENSITY OR o QEE [DRILLING PROGRESS,
=3 | = u | L8 CONSISTENCY, MOISTURE, GRAIN I |wzt®| LOST CIRCULATION,
Faw | § a ar sLows BFF | SHAPE AND TYPE, STRUCTURE, % |Tdgz| TYPE OF DEPOSIT,
gz | 2 | 8¢ CEMENTATION, ORGANICS, < |3<&| PROBLEMS, ETC.)
Com | € z = §'.6"-6" “N“ | MATERIAL} v |Do-
30 |S0.0 SAhDY GRAVEL, PHORLY GRADED{I.e.
Qo | S- 1O/ |28KIDE ORI Rt S 6P
- S [0 4_ 4'-(_00/‘_'11 /DIT RNUDQGRAUEL mATLEASTI‘,@ 0'@;‘?9 GM
INCH: 16-15% FIVE TD MEDIUM ;,-@3_
5AM15, 5-10% Non TD SUSHTLY {24
PLASTIC Fliugs BROUN, VERY 6.4
MotsT VERY * DERSS. SR,
.‘ -@ [|
37 0.0 -
26, ) 0.8, .
S':7 4 5'0', “w 5 7 sqme ‘D'S S—Lﬁ ). :'. G’O‘ %
. o (2 0.9 &M s
un,O . -..-.:... e
o $ 0] | Shme AS S-7 BAXEE S
] 81 Lco{,_}.. } / .\ RN .
4 0“, .
1 p::
Ye 450 ]
H$o.2 | < < I &0 | NO RECOVERY
B S\q O LDOI.:’?U /ll "
3
. ORILLER NOTES END-6E™
GRAUEL AT 475 FT. |
p, ) f— L
55 gg ; — | SILTSTONE HIGHLY WERTHERED = _
NSHO '1‘3—(00/2" D;‘/ n| TSI Aub LAY sie0 — X
' 8 PRPTICLES, Wt 10 -15% e |~ZIMCH Rounided L.
. SAND AND 6 BAVEL, BLIE - —= CogBLE WAS LO0GED
GREEN W ITH ORAGE -BROWN = e Fom sTelD :
1 MOTT LiNG, SHIGATLY MossT, —— S T &
2g =20 oL, | SLBRAE, HIGHLY wenmeasbx = -
gt , WND CLAY 31E D PRRTICUES ———
1q.5 |51 | 18 |38, /9" Some BRITILE ,ISTACT. LAYSRS AN J.
) GO R T et | || (PSR DRLING
. 1605 3
o D-19 - =

FORM D 1588 5/78



SHE :1'_7) o r3

C["'lzN‘ PROJECT NUMBER
s FI5 5,00, AS

SOIL BORING LOG

pROJECT _JRI_CITY STP LocaTION _OREGON CITY , BREGON
DRILLING MeTHoo ROTBRY MuD, cMe 15 DRILLEAS & EauipmenT _iKEMUER 4F OREGON, INC.
ELEVATION___ 2887 FEET BORE HOLE:_&-!3
WATER LeVEISEE _TEXT parte: sTART,_(2128 18] ciisn: 12129 {81 InsPecTor _CWH
C:F‘T) SAMPLE STANDARD SOL DESCRIPTION g 2.3 COMMENTS
3 = PENETRATION S 1948
gl < « | B [_TEST RESULTS | [COLOR, RELATIVE DENSITY OR 0 |a22| (DRILLING PROGRESS,
T2 | 2 g | Y CONSISTENCY, MOISTURE, GRAIN T |dzé| LOST CIRCULATION,
o | & g oI aLOWS BPF | SHAPE AND TYPE, STRUCTURE, & |£@z| TYPE OF DEPOSIT,
4| = 5 | 2% CEMENTATION, ORGANICS, = |z%al| prosLewms, ETC)
S @ E z I*: Eu_Bu_S.u nNu MATER‘AL) ] 5 o ; \-I
Plezo METER | INSTRLLETION: (Sez notes o Bprisg L"é‘ ngma)
| PLACSIRENT |oF PERVIDUS TIP! TOP AT 38|77 |BsTrim AT 4O.ET 1
GRAVEL MACK ! FRoM SLSFT To GRoUND [SurfAcE T

LTI ITIEISERL! FRe™M a0 T I ET 7
Riser| Piog LENGTH! YO FT 7.

FORM D 1536 5/73



=
T
=

SHEET ‘ CIF2-

PROJEGT NMUMBER

P15 oo, A

SOIL BORING LOG

proJECT T RI &Y

STP

LocaTion_OREGON CITY, GREGAN

ORILLING METHOD ROTRARY MUD,F\SWTALEZ TRICONZ BIToRILLERS & EQUIPMENT D. KENNER cne 5B
gLeEvATION YD FEET BORE HOLE:_ B4
WATER LeVELSEETEXT pate:_ 529182 starm:_3N8[82  rinisw: _98[52 InsPECTOR LU 1
SAMPLE STANDARD SOIL DESCRIPTION g (2.4 COMMENTS
(71 = PENETRATION S |8 <8
Wl 2 @ | TEST RESULTS | [COLOR, RELATIVE DENSITY OR o |2 2| IDRILLING PROGRESS.
rz2 | > i CONSISTENCY, MOISTURE, GRAIN T |w;®| LOST CIRCULATION,
o | § @ |.azI BLOWS | BPF | §HAPE AND TYPE, STRUCTURE. & |&@g| TYPE OF DEPOSIT,
Sd45 | £ 3 |32 CEMENTATION, ORGANICS, = |3%3| erosLEMS, ETC)
Sad | 2 z | eS| s"678" | "N” | MATERIAL) 6 |30F
START DORILLING AT
" 4’ A
125 1
. §,LLJ; LOUY PLASTICI TY, ABCUT 6-(8 |
4o |5-! 4 | 2.1-1 | 2 |FNESAND, DARK BK5wA, MoisT, S0FT ML
5 50 SANDY SILT SIMILAR TO S-1,EXEPT DE:LL‘:’.é NOTES =]
<a |7 L-1-] | 2 |7TorADEs! ATD A SILTY SAMD ML |ALTER NATING- "Sp FTER
o3 ~ WITH 30-30%, Civg 5AND PWARD £ FIRMER DRILLING
] BoToM - 5o FT, i
15
] SILTY SAMD, FINE S AND; 29-25% ] Ik
- Ee W Ta LOW ALAsnciTY, Beaun [1: :
90 [S>|5 |23 4 |7 h}%‘f’s‘é;’r‘%mﬁm, TBeLY, b SM i
1o 10.0 N it —
< |SILTY SAMD Sm;ILF\&;rD S-3- - ] 1
] - -1-1 Ef WITH 20-25% FILE RIEsNe .
1S 4] 2-1 Z wrc‘rgnffow ﬁLAsﬂcm,-’f’ 7 SM
i : MLIsAO't:_ng_TgL,_{__ 4
SILT, Low PLASTICAY, ABOUT 0% BcTIOM OF ST-5
1135 TS 24 —_— - — — FiMEJS{-\NDJ BROW f‘-‘,'{;\{i‘l‘g’ﬂ éolg-'f-" ML - B
= 50 N
15 J SANDY ST, Lous PLASTICITY o
- 2~ BeouT 20% EINE SAND K L N
J o5 |$-0| 5 |3-2-4 | b T own, MoisT) FIRM -
100 J
10 UoPER 2" wﬁmgv ELAE‘I’!C.IW} ML
- iE SHI W BEsun: : -
12.5|ST| b |3-2222 |44 %g}é’r‘;wu o CARS BROS: TS DRILLER NCTES
1 LOWER 4" SILTY SAUD, FINETO CFAUEL AT 215 FT/]
Mgpwm SAND, ABIMT 8% Fivs 1
BROWN, WET, DENEE,
el GRAELLY SAVD, FooRLY fep—SAmPLER BOUNCED]
222138] 4. | Lo B i aE A%, el 3 IN FIRST INCHED
1 = S;QNGEAL;DJ 25 30% SUBRounCeED SM 3RS 3 il
GRAVEL TO ATLEAST 1Yy INCH, ' |
! FIVE TO CONRSE SAND, MOSTLY i
CCARSE) 5-107 FINES, Browuid, SLOW, REUGH, PRILLING
1 WET, DEMSE, TO 30FT,
L = i D-21 7

|

FORM D 1588  5/78



SHEET a*or;a

PROIECT NUMBER

P

500.AS

SOIL BORING LOG

rravect TR _CITY _QTE
DRILLING METHOD

H4,70 F‘EE‘F

ELEVATI

WATER LevelSEE TEXT. pate:_S)24]82 _ stamm: 51z 22

ON

AR

' FISHTAL &

tocation OREADN CITY, OREEON

\CONE 8Tl Lers & sauisment_P KENVER O0F  OREGON

s/

FINISH:

t/¢2.

BORE HOLE:_R-I4

inseecTor CUJIH

j.

l:T) SAMPLE STANDARD SOIL DESCRIPTION g 2.8 COMMENTS
B ~ PENETRATION S 348
81 < « | &= | TEST RESULTS | (COLOR, RELATIVE CENSITY OR o 22| (DRILLING PROGRESS,
zzz |z |y |58 CONSISTENGY, MOISTURE, GRAIN =z |8%%| LosT cIRCULATION,
=au | § = oI BLOWS BPF | SHAPE AND TYPE, STRUCTURE, & |£85| TYPE OF DEPOSIT
GusS | s 3 |88 CEMENTATION, ORGANICS, < |5<3| rrosLems, eTc)
cup | 2 2 | = | 6%6"6” | "N" | MATERIAL) a |38F
% |35s 1 |92/ |SANDY GRAVEL W2LL GRADED ?9.‘?3'." S50 FOUGH BRILLING
s 5 ‘-’-‘Lﬁ"':-_\; %" ANGUL RR BND suemunc-a GRAEL ‘;(a Lp (T3 AT |
To ATLEAST 20-255- F.ha.. "f:ﬁg:& _
1 COPRSE SAUD, LESS THAN 5% R b
rINES, Sﬁhwn AND BLECK,WET Q,:-
1 DENEE 503
@ =Y e
S Sh ertsL 2 5-9 E;,gju__-::,p Moz
NDY & rMILAR TO Z unps D
5819710 Z = —bo/‘! % T O LJ“TD::?IE_Z"‘V&{? TC}Pf'\Ghl—_ U SAMPLER PoiuN 3FT, .
| il oyi’— L & 1. -mc.,'-‘r 1Y) P‘*‘:mdj P
A THORg usH DESCRIPTIS! N BF SAL i "'-5'1'\.- ;
MIGHT BZ CAUINES
1 Lees &lrcucsmon AT
353 £T) Mie MuD
1 _,Lc-wj raurvi DRILLIfE
Yo L4000 7S 40T
a2 |5  [Al) | SAMOY BRAVEL, SAniE FS S-9 LesT™ CIREULATION AT |
{4 A8 [2s-3l-e, (o 42 ET, MK WD & «uf
1 ROUsEY DRILLING TD
47 FT.
5120 ——
o ' o Recover SARTPLER Boit i
1 £l o Loo/?:" &03 ! TRST bpcH INTERYAL |
oF 5-1%.
Do =R WaTES END -"'-
| égn.uau.v MATZRIAL &
47 FT,
& —— i
50.0 ——
=2 S‘.I.TSTOM&:{_{};@E:\ %‘N"?’-érlefc ) Fﬁn..- — —
] S-30 N 3.4 -2 NES IV ITRAS jatats —
515 8 |2t 36| T Rleces Yt o A R —— y
CowTRINS 5\(‘.‘0&.&1" IC% FINE SAND, ElicH DeILLHG A
AND LOCAL FIE(ss OF THORS ueuu,'. 230
- WERTHERED GRAVEL TU ~~ 12 IVCH! J
GRAY wW|BINE -G REEN MoTLiNg
AT TDP MADIST, -
T END Boring AT SIS FEET | - ,1) R
Plezo INETRLUATION! (see Wotes sw Bovig Log |Lege 2 |
PLACERIENT ©F PERVIOUS TI0: ’T’OF’ AT 383 I LE&aTToM NT 4D FT,
GRAVEL  FReM 515 FEET TD GROUVD SuURFACE e
| Benmonihs sdoL From 15,5 4o n-:« | AND [FROM| ABCHT TTOd 7EET
RBER £l MENSONS, HOFeET ]
= D-22 =

FORM D 1585  5/75



sm:e-r| oF I

PROJECT NUMBER

P 15600, _Aﬁ

SOIL BORING LOG

proJECT I R) CITY

DRILLING METHOD ROTARY MUDFIS TAIL BT oajiieas & saurement_2-XENNER OF  ORSton.

STP

Locaion. DREGON CITY, DRE &Y

ELEVATION Lilg%_loq ET BORE HOLE:_B-I15
WATER LEVEL MEAYIEED DATE: START: ‘5\\8!??- Finisi: 518182 wseecton CMH
. SAMPLE STANDARD SOIL DESCRIPTION an2 .8 COMMENTS
(Fl) = PENETRATION 3 [Szae
w2 .. | TEST RESULTS | (COLOR, RELATIVE DENSITY OR 0 [gSZ| IDRILLING PROGRESS,
=22 | = B g CONSISTENCY, MOISTURE, GRaIN ¥ |wz@ | LOST CIRCULATION,
Fouw | & 2 | 8% BLOWS | BPF | SHAPE AND TYPE, STRUCTURE, & |Z@z| TYPE OF DEPOSIT,
$2%5 | = 2 | g8 CEMENTATION, ORGANICS, S |3%8| PROELEWS, ETC)
amn | £ 2 z= | &"8"86" "N* | MATERIAL) ¥ |DaF i
START DRILING £7 .
R 2335 .
128 N e 1
SILT Low PLASTEITY 410-1515 1
40 |5 | B | 222 A |Fnd sAMp, BRowwn, WET, SOFT, ML
5138 _SA 0Y SILT, Low PLASTICITY, g
N ILT, Lo/ TICITY QEC;{T -
1,5 [S2] 8 [ 1-2-2 | 4 [i5%, EINE SAUG BROWN, wé&_ ML -
: LECSE, ScMe ROoTS Pezaes
rdel J
SAND L,gngﬁlhllLAE TDS-2
)y ST-3 |24 | ——— | — ML T
' WOYSILT Low pASTICITY
1us |SH|5 | 223 | 5 [Aawur 5% EinNe SAD, pagk ML -
: BRawM, MCIET, S0t 10 2lam,
|2 5.0 , ol
3 SILT LOW TO rwlemumgPLgSﬂC'T‘r,_ N
- o 2-3 LESS THAN 5% FINE AN AL i
b5 |59 7|2 = BROUIN, WET, SOFT ™ FIRM
200 n )
5 Y ﬂ&gi’ﬁmé L[%W pLé'-s'nc_n 254
- -3 - FINE SANB, DPRK BRaUN, MOIST, ]
{91 8 S-b| lo | 2-3 T FiRed ) ML
25250 WPPER O 2AND UNIFBEMLY %
GRADED, Five SPhND, 5-12% FINE
2.5 ST 1A |€-1A-88 | 17 Wik i DLpems 1= Rgauhl weT 7
| Lower 3"; %&M_eﬁ&\*é'n WeLt FINLSF DR AIG- AT
GRRDED SRLVEL TO [V 1vek, 20-30% J90
FINE TO CORRSE S0 LESS THANS], - |
i FINE
END BOgiNe AT 2L5E5T i
¢ D-23 —
FOAM'D 1586  5/78



@)

HaM
aHILL

smeer | or'

PROJECQCT NUMBER

P15600. A5

SOIL BORING LOG

prOJECT IR} CITY STP

pRILLING MeTHOp _KOTERY MU Fissmhi 81T
ELEVATION LL
WATER LEVEL MEASUZED pATE:

Location_OEEGoN CITY, ORE coN

m‘;io.zo Fesr

ORILLERS & cauipmenT 1L.XENNER _OF (P EGoM

sTarT:_514)82  mmisw; __sl1al 92

BORE HOLE: B-lG

INsPeCTOR _CUD H

WeT em:iéi:-‘ ) LEARE,
cuBEhpine. @ 29 .0 FT

FINE TOCCARSE SAD, 52 FIkES, |

|

/ SAMPLE STANDARD SOIL DESCRIFTION g 12,8 COMMENTS
Gl S = PENETRATION 9 |58
g g « | Bz [_TEST RESULTS | (COLOR, RELATIVE DENSITY OR o [aZZ| (oRiLLING PROGRESS.
23| & Wl S . CONSISTENCY, MOISTURE, GRAIN = |@z®| LOST CIRCULATION,
QW | 3 | 2% BLOWS | BPF- | SHAPE AND TYPE, STRUCTURE, = |£9z| T¥re OF DEPOSIT,
Gas | 5 > | &z CEMENTATION, ORGANICS, 2 |523| rrosLews, eTc)
Gowa | £ | 2 | c= | 67676 | "N" | MATERIAL) G |58F| -
) START DRULLING AT |
| o J
125 -
- SILT Low T MED UM PLASTILY
up | S T | 2-2-1 13 oA BL BRAUN, MOIST, 50FT ML
5 _lso
SIL-T'JSIM!LA'Q'ID S-1, BXcepT =
{os |52 9| 1-1-2 | D Wi 5-10% Five sAuD ML | ]
175 1
. l SlL.'i_'ﬁL.ouu 70 ME Diuu mF : \ 1
$3[ 12| 1-1-1 | 2 PIaSTTy, AbouT 0% FIVE Shug \C
10 DARR BRolM, MO:ST, SCFT, ]
SANOY SILT Low PLASTICITS 1% =]
. e Fing TC Me Dlu‘n SAMD) MEsTLY Mo i
ST 24 | = = — | — |FvE bS%h SILT) IT%cLpy
12.0 MOIST , SOFT, ) |
SILT, SIMILARTD S -1 EXCEPT
{ag | SB] B | 1-1-1 | 2 |K2okT 5% Five sand ML ]
5.0
5 SICT Low PLASTICITY, DARK -
Ties S-o| 1’ 1-1-2 | & BRouN, MOST,S0FT ML i
| ! }
] . ]
zo 20.0 e ; .
5Auoﬁ’sﬁ_’r; Low PLASTIC Ty, \5- —t —
1015 STz | 221 | 3 |20, Fivg "SAVG BROWN) M 02T, ML | )
Zl. pelel=y
ZS ‘O - = =
s SAND UNIFORMLY GRADED, EiMC —
SR 5 [7-7-8 | g [DMEDUNL SHND !‘iﬁﬁ'“-'f'gj"'eﬂ"z-» .
26.5 FIVES, ERowN, MOIST, COMPHT . T
jE st LRAVEL AT 2WSTT
27.5 : Ty SANDY é.QnuELJ oot Y &2RN0ED o e, A= |
115 |59 2 [R-6y /IZ" GRSUEL o RT LEAST Wil ek 10415% 5729 )
' I

FIOSH PRILLNG NT
(RS>

FORM © 1536 s/78




SHEET \ QF‘2_

PROJECT NUMBER

PIalo0, A5

SOIL BORING LOG

sroseer_ TR CITY &TP

LacaTion__DREGON CITY. ORE Gol

pAILLING METHoo ROTARY MUD,EVSHTALETRICoME S iers & caurment_ D KENNER OF ORZGoN

ELEVATION

un S22 FEET
NoT -
WATER LEVEL MEASIIZED) DATE!

START: 5[20[82  riNisH:

BORE HOLE: B-I7
5l20]82

inseecTor C WH

SAMPLE

5
~

DEPTH
BELOW
SURFACE
INTERVAL
NUMBER

RECOVERY
(INCHES)

STANDARD
PENETRATION
TEST HRESULTS

S0iL DESCRIPTION

BLOWS BPF

5'.5".6" N

{COLOR, RELATIVE DENSITY OR
CONSISTENCY, MOISTURE, GRAIN
SHAPE AND TYPE, STRUCTURE, ~
CEMENTATION, ORGANICS,
MATERIAL)

GRAPHIC LOG

UNIEIED SDIL
CLASSIFICA-
TION SYMBOL

COMMENTS

{DRILLING PROGRESS,
LQOST CIRCULATION,
TYPE OF DEPOSIT,
PROBLEMS, ETC.)

.

}-2-2

-0

S

24

50

s |5

13

ST, LowW PLASTILITY ABSUT 5%

FIVE SAND, BROWN, WET, ScFTTD
iR M.

SANDY SILT, Low PLASTILITY,
.25, FINE SAND, BRIV N, \-\-E.T;
SOFT.

ST Low/ 7D MEDIUM  PLASTIL1TY,
bl FnE SAND, 3% SILT, 217
CLAY, BROWN, SOFT,

SANDY SILT SIMILAR TO S-2

14.0

EXCEDT WHTH 20-25%h FI-E
SAND.

Y 575

20 1200

24

SANOY SILT SIMILAR T3 52,
EXCEPT WITH [0-15% EiNE
SAND.

S-b

1215

S)

1 ~1=1

SANDY SILT similA R TD Sv-zﬁl
TAERT WiTH 10-157% Cive skhG

23.0

20

SANOY SILT.) SirtIL i
STEPT WiTH 10-08
SANO,

322 | 4

SAMDY SILT SIMILAR TO 5-2
EVCET WITH 183-30% TINE SAD
AND ORAUSE - BRoILM MOTTLING

30—+

In Lowei b eEs

D-25

START DRILLNG AT
B

ML

M-

ML

ML

ML

Nt e _

I
B!

FORM O 1586 5/78



SHEET 2. 0,2_

C}"iZM PROJECT NUMBER
ERHILL P15 600, A5
SOIL BORING LOG

projecr_TRI CITY STP LocaTion OREGON LV\TY, NR=wob)
GRS CIEG METHL‘;E 6"?2? MUD. DRECROUER BIT priLLers & eauiement O- KENNZR 0F OREGAN
ELEVATION ; FEET . B-
NoT —_BORE HOLE: ©-17
WATER LEVEL MEASURED DATE: sTART: 5120]82  musw: __5l20l82 iNspECTOR CLUH
(FT) SAMPLE STANDARD SOIL DESCRIPTION N COMMENTS
= = PENETRATION S (348 )
g g x | &5 [ _TEST RESULTS | (COLOR, RELATIVE DENSITY OR Q 22| (DAILLING PROGRESS,
rza | 2 W >u. COMSISTENCY, MOISTURE, GHAIN Z |8%% | LOST CIRCULATION,
’EO‘E E g Q(Jj BLOWS BPF SHAPE AND TYPE, STRUCTUSRE, a Eﬂz TYPE OF DEPOSIT, s
g§3 5 3 8z s - &ii\ilrEEi\éTAT)lON, ORGANICS, < |3%3/| proscems, evc)
a b= = ~678" | "N 1AL & |32F
= % 3 | Lyfzu (;7" W RPPOQ.?”L_,‘%E’*UQLJ el 6P~ %&uz RO TaiLirs):
] 0 1S & GPNIIE TDAT iR I 5 FT, 1
(3 L%*‘\p?{'l{; i} .LL'?H-. 12-15% EAE 7O G
| ST FAND, 5-0% FINES, |
] BROwWNMNUD BLRok, WET,Ra1 &
PRILLER WoT= 1.
1 SLIGHTYY SoFTER. .
=350 LY S
355 | S i o, | SAMNDY SRAEL SIMILARTD S5 f‘stpgmm-ﬁ ~
J \\\C‘\ 5 T /g_‘,f v E CgT lacﬂoas-!-jo‘}a FInNE TO
A4S | CoppsE sAMD, 4.
LOSE ClRCuATIOMAT |
] 128FT, MAR MUD A
300 4
HOS | S| g s/ [SAMOY? &Rl , SIMILAR TO 54, -
7] \ 5 e TAL (9” EACEPT FOR 20-23%: FiNE 7D "I ]
1 RSO SEED G | psE €IRzuLATICN AT.IU -
_ AL, iy, mug CEUES
] Thisks GROUNDWATER - =
IS DiLuTivG MwD L
' ' MAKTUES. {.®
L5 1550 . _ _
4=.1 Na ReccMeRy DRILER KOTES T
] iz o (m/ \ m% 3 g BOTTON B & RAVEL. AT
\ ¥ e U,5FT, 1
415 i W i
1 : SILTSTONE  WEATHERED, FRACTLIRES
H3.5 - 1 9 - 8? W ) GILLAL DISCES . -
I INTD Blocky ANGLLLAR PI=CES.
T — (00{5/-’ 12 |t Vet ucn CN ASIDE, BLus-
GReaN, MasT, = -
0t ; R
1515 NE, SAMZ AS S-13 Z%EST .
SILTSICMNE, SAMZ <13 EXLEF
1833181y |16 19/ \|cotmaivs L e o —— |
G | /]2, | PR (Congss SAND) WERTHERED ===
] TOBLUE BRETH Yz [LoW ANE ReT2ILH B Oy i s
BROWN, SILTSTONE |5 BLUz GEzEN == OOTUEE; 303006 Codin
=k (N uprer 4 INCHES | eEAY = NCLZ GrSMTASR WS
) ONER, T INE-HES = N52D, HAD T EMD
1 _ AFTER AS|ACHPRIE |
S— Begallaz oFCAVNG,
1915 =] ]
RO lemB| o0 [32/5" 52 /51 Mo Rucovzry ——
r ~ e =
EMD £&0oRING AT 8.0 FT.
L D-26

FORM D 1538 5/78
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A

SHEET ] oF f

PROJECY NUMBER

Pi5isn 0 A

SOIL BORING LOG

prosect JRI _CITY STP

DAILLING METHOD ROTRRY MUD |

LocaTion _OREB SN CiTY, DREHeN

bRILLERS & sauipment . KENNER 6F OREsoN

eLevaTion___ 4419 FEET
NET

WATER LEVEL M=/SUEED DATE:

starT:_S5119/82 EINISH: 5/1q182

_BORE HOLE:_B-I§

“_-,-‘-') SAMPLE STANDARD SQIL DESCRIPTION 21 .3 COMMENTS
5 = PENETRATION S 248
Wl < « | T | _TEST RESULTS | (COLOA, RELATIVE DENSITY OR o |a22| (DRILUNG PROGRESS,
T2 | 2 wo | Y@ ‘ —1 CONSISTENCY, MOISTURE, GRAIN S |QLZ| LosT CIRCULATION,
EQWL | & 2 | T | BLOWS | BPF | SHAPE' ANO TYPE, STRUCTURE, = |z@5| Tyee oF perosIT,
Bas | & 5 |82 CEMENTATION, ORGANICS, & |Z%5| prosLEms, ETC)
Qamn | 2 2 | S| 878"6" | "N" | MATERIAL) a |[For
START DRILLING AT
I 945
125
i s_l_L;_r; Low PLASTICITY) S -i0% f"\"E
40 Sy 722 | 4 |SAND, DARK BRawhy MOIST, FIRM, ML
5150
SANOYSILT, LowW PLASTICITE IO I .|
11,5 |S-2 I=i-] 2 |I5% Five SAND, BRoAN, MCIsT) SofT, Mi_ 1
il R=Y _ ) N A,
4 SLT L oW %ﬁ%”‘; 7y, ABSUT 5 |
2 -2- ey DARK ERIU0N, MDIST,
a0 |52 j-2-2 | & CF:’%M.‘,, D, DARY ZRIUIN, MDIST, ML
o —Li2.0 _
SICTE SAMO, S35, Firs s To MEDIUM I
. SRUDMOSTLY FiNe, 357 SILT, - 11
12.0 ST = = 7| T 2Ye QA ERemN, MOIST, LOooss"
SILTT, sAmMz AS S-3 -
s |S5|3 | 322 | 4 ML
g 5.0
SILT SIM\LAR T &3, &%
3, € LECT NO
o5 | 30 2-2-3 5 |Fod sawvo, ! ML
JO—=00 "
SILT) Low FLASTICITY, AfoUT 5%
1215 5T BE5-5 8 _Enué SAND, BROWN, MCIST, FiRM ML
s Doy B
] FIRVER DRILING
Y S0-35FT
£ _IA60 [P
>3 UpFER 3 INCHES SILT SATE AS il
] Ks A S-3 <
NS 53 325 | 9 LOWER 3INCHES; SILTY SO, FINE
4 SAND, 5-2% FILES, DARK 3‘&-3':“‘1, RILLER,
1.5 MOisT, Locss, ) RAVZL
e N 1D bo) |5y GRavsL, PeoaLy 6 RACEDERNER TS
=1 f!"""—u(-———., - [EhaT 31 s oy 1 e '—“_nl'. Py
\ IL!.S“ /‘L(j 5‘.}."21;@_,“"2?“5; &l'.l'\;"‘::i ﬁ,ﬂ%\’ia h SAMY
DL:‘ST"-CF'\"-.-‘ ConreLr ISH DRILIN T+ AT
= 2 EnD Pe@Me o7 290 Y oS

FGAM O 1558

iNsPecTOR _CWH




SHEET ] o;-Q.

PROJECT MUMBER
G PI5Lo0.se
-} o
SOIL BORING LOG
FROJECT TRI CiTYy STP LocaTion DREGON L 1TV, ORZ &0
DRILLING METHQOD ROTARL[) : W PSTE :2 DRILLERS & EQUIPMENT Dn kEMUL—':T: DEOREGON -C i"fi,E:Ffj
eevation. 4188 FeET BORE HOLE:_3-2|
WATER LEVELSEE TEXT pate: START: 5#‘14/81 Anise: S48 INspecToR _EW
—
(F-) SAMPLE STANDARD L SOIL DESCRIPTION g I2.3 COMMENTS
! = = PENETRATION 2 [Qad
wl g « | £z | _TEST RESULTS | (COLOR, RELATIVE DENSITY OR o |a2Z| IDRILLING PAOGRESS,
1 > w > CONSISTENCY, MOISTURE, GRAIN T W LOST CIRCULATION,
Foe | & S |-oF | BLOWS | BPF | SHAPE AND TYPE, STRUCTURE, & [Zéz| TYPE OF DEPOSIT,
R 2 g8 CEMENTATION, QRGANICS, e [23g| PROBLEMS, ETC)
oam | 2 2 | e= | 6+876" | "N" | MATERIAL) o |[Jok

'.EI'P(ET DRILLING R

oo

I3RZLTO 8FT Wit

4 . VIAER, OIREU-ATED
CUTANS QT Los1 e

b SomE WATER TVTD

HOLE

\_ - SET HIN .5, -
S+ Lasive T3 FT, THEW |
D2LLEDTH 10FT
- FRLLIiNG HEM> T
FERMERBILITY 7231 |
B Prpooskisn WATH
] ‘ & o I0FT ASTE ST
INTERVAL :

o_LicO
' S ANQY SILT)SAME AS S-2 g
E STy | 24 [lsosmsme s (3e£ geow) ML J
20
T RANDY SI LT LDW TO MEDKLN 7
4 <2l | 1-1-t 2 |PLASTICITY) 20-25%, FINE SAND ML 4
125 DARY, BROJGN, WE'T, SOFT. o
- : DEALED TO 8 FEET ~
2 W ITH WATR, SET
15— Sheine AT BFzET,
THzN CRILLED TO 20FT |
FALLING HERD F
E PERMEABILITY TES T 5
- ~2. PERFoRMEZD WITH
1 15 To 2o FT AS
' TeaT INERVAL
2012010 ;

UPPER PpRT! SAME A5 S-2 | DRILLER hoTED ASRMT
LOWER OART: SAME 43 S-+ ML | SpicHzs’ OF SLoush
SETTLED Oy BotoM 1

§73|24 |— = — | —

22.0 . g SM |SEHCLE DURiVE
QILTY SAD, FINE SP;UDL[:‘:-QD fo Lo TEST NO 4 N
loax [SH |2 | 5729 [ 14 |[Fnes WITH Low PLAZNCITY, P el
23,5 MOLE FIVES TEWARD TR F OF ItV it WaATER , N LesT
1 SANPLE, DRRYK growhy WET, ClgguLenan ST 28FT 4
= CoMP LT, WHEN BT SNCQUNTEEED:
B GRAVZL. _
! CRiLER PETES Vel 7|
| ScPrMATL 26510
2%,
1 CRILLER N s SERVELS
AT 25 77 SET CASING:
af 029 E7; PEREAS|LITY
e YA Eanri 26+

FORM D 1588 5/78



- SHEET 3 a;)\

PROJECT NUMBER
CH2M
aaHILL P56 00 .AD
SOIL BORING LOG
PROJECT TR CIiY &7 F LOCATION__OREGON 1%, OR=6CN
bRILLING MeTHOD ROTARY, WATER DRAG B IT priLLers & eautement _D.KENNER OF ORZGorCMETS
eLevation 4158 EEET BORE HOLE:_B-2I
WATER LEVELSEE TEXT DATE: sTART:_S129182__ rinsH: _ 524183 inspEcTOR CW H -
SAMPLE STANDARD SOIL DESCRIFTION 8 2.3 GOMMENTS
U‘:r) = = PENETRATION 9 9,&8
W - T~ TEST RESULTS {COLOR, RELATIVE DENSITY OR Q leE (DRILLING PROGRESS,
zzq | 2 T B CONSISTENCY, MOISTURE, GRAIN T |dz@#| LOST CIRCULATION,
mow | & 2 | s BLOWS | BPF | 5HAPE AND TYPE, STRUCTURE, % |C@z| TYPE OF DEPOSIT,
ads5 1| & s | g8 CEMENTATION, OAGANICS, = |z38| PAOBLEMS, ETC)
Qair | 2 ] = | &"6"8" "N" | MATERIAL) 0 [38F
2D |30.0 = NO Rs COVERY pards, 2
B o | % oy o |
e Y
4 END BoRIMNGE 305 FT Fide e DRILLIG

M- L20

Pl ZOMETER, | INSTALLATICH )
35— _ PLacgmMeNT] oF PERYIOUS TP TDP AT 2% | oA AT 20T N
| GRAVEL PACS FROM 315 FT 70 & ROUNE su;.,':,qci—‘ X
1 BELTANITE [E2nL; FROM 247 1D 260 |FT

o
J
Xy
154
3

] Riszh pioe LsneTH! A0 FT T
] 1
i i

™M -
U= Jd FORM D 1588 5178
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‘ PROJECT NUMBER: 174016 BORING NUMBER: B-101
CHZ2MHILL Sheet: 1 of 2
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SW of clarifier no. 3
ELEVATION: 45’ DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

WATER LEVELS: N/A START: 8/5/02 FINISH: 8/5/02 LOGGER: R. Wilcock

w
(3] SAMPLE STANDARD
E -~ | PENETRATION SOIL DESCRIPTION COMMENTS
- Z TEST
g% 4 | o . RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
gl £ | 25| YW COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
F2| E |wBd| B ghciim DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a0l E [&5| 8 STRUCTURE, MINERALOGY INSTRUMENTATION
06| 2 |[EZ2 | &
O—J Eouneiize 140-pound safety hammer, rope
| and cathead with 1% wraps
around cathead
i w=30%
4 25 SILT (ML)
40 | S8 9 8-11-12 (23) dark brown and gray-brown, moist, very stiff,
medium plasticity, one piece of 1" subangular
5 gravel in shoe (FILL)
5.0 Poor R
4165 $8-2 2 17-18-32 (50) or Hecovery
i POORLY GRADED GRAVEL (GP)
- black, wet, very dense, fine to coarse angular
and subangular gravel up to 1%" (FILL) . .
. Native material at 8 ft
10 10.0 SILT (ML
4115(S8S3| 3 6-5-6 (11) gray, wet, stiff, low 1o medium plasticity,one
h piece of 1" black gravel in shoe Stiffer silt at 12 ft
1% 16.0 SANDY SILT (ML
: (ML)
{165 | S84 12 6-7-10(17) mottled gray and red, moist, very stiff, low to
| medium plasticity, 15% very fine sand at top of
sample grading to 40% at bottom of sample ﬁcﬁ:;figgmm gicl)tm IG5 7D
20 20.0 SILT (ML)
4215|885 15 556 (1) reddish brown, moist, stiff, nonplastic to low
| plasticity, trace of very fine sand
23.0 No Recovery
-1 25:0 SH-6 | NR PUSH
25 PP=1.5,2.0,25tsf
25.0 SILT (ML) T
1 26.5 8871 15 2-2-4(6) reddish brown, moist, firm, nonplastic to low
R plasticity, 5-10% very fine sand
4 27.5 SILT (ML)
290|858 | 18 254t Same as 88-7 LL, PL, PI=42,31, 11, w = 45%
30 : D-31




PROJECT NUMBER: 174016 BORING NUMBER: B-101

‘ CHZMHlLL Sheet: 2 of 2
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SW of clarifier no. 3
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: N/A START: 8/5/02 FINISH: 8/5/02 LOGGER: R. Wilcock
w
3} SAMPLE STANDARD
. g ——| PENETRATION | SOIL DESCRIPTION ‘ COMMENTS
3z £ TEST
@o| 4 | = RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
M2 £ | 2| W COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
ES £ lwd| § 666" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a2l B F_; =l 8 "9 STRUCTURE, MINERALOGY INSTRUMENTATION
oo £ Z|
30.0 SILT (ML)
{315(5%9( 6 2-4-14 (18) reddish brown, wet, very stiff, 1 piece of black
J 112" gravel in shoe
i Dense gravel at 32.8 ft
e Driller indicates cemented
a5 gravel (Troutdale formation?)
35.0 i POORLY GRADED GRAVEL WITH SAND
{355 (SS-10| 3 100/6 (GP)

black and red gravel, red sand, wet, very
dense, fine gravel with one piece 1%:" gravel,
subangular and fractured, one piece of fine

38.0 - angular quartzite gravel End Boring at 38.3 ft
3g.3 [SS-11[ NR 50/3 \ N gn g g Boring backfilled in accordance
o fecove with OAR 690-240

BOTTOM OF BORING

1

40—

45

50+

55

60 D-32




PROJECT NUMBER: 174016 BORING NUMBER: B-102

‘ CHZMHlLL Sheet: 1 of 3
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SE of clarifier no. 3
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: 22.95' START: 8/6/02 FINISH: 8/7/02 LOGGER: R. Wilcock
w
Q SAMPLE STANDARD
2 ol PENE AT SOIL DESCRIPTION COMMENTS
S g TEST
o®l 4 | a . RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
g g |ZE| u COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
E2| E w0 D Sl DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
59 = E =l 9 -67-6 STRUCTURE, MINERALOGY INSTRUMENTATION
[a 4] = = ©

Ground Surface

0 140-pound safety hammer, rope
and cathead wilh 1}z wraps
7 around calhead
i
o5 SILTY GRAVEL (GM)

40 | SS-1| 11 | 1515-15(30) | black gravel, brown silt, moist, medium dense,
gravel up to 1%, low to medium plasticity silt

(FILL)
5
5.0 GRAVELLY SILT (ML)
4 65 |SS2]| 14 | 18-15-23(38) | brown with black gravel, moist, hard, low
plasticity sill, angular gravel up to 1", tfrace
E organics (FILL)
Nalive material at 8,5 ft
b SILT (ML)
10.0 PP =2.0 15‘
1415|883 | 12 7-5-6 (11) brown with gray and rust mottling, moist, stiff, w = 42%
low plasticity, trace very fine sand
15
15.0 SANDY SILT (ML)
4465|594 | 16 3-7-5(12) brown with gray mottling, moist, stiff,
nonplastic, 15% very fine sand
20 SILT (ML)
20.0
1215|555 | 18 2-3-6 (9) mollled brown and gray, moist, stiff, low

plasticity, 5% very fine sand at lop of sample
. grading o 10% at bottorn of sample

Osterberg piston sampler

1225 SILT (ML TV = 0.35 tsf: PP = 2.0, 2.0, 1.5
o2 |sos| 24 PUSH

tsf
. ) LL, PL, P1 =48, 32, 16; w=43%
Consolidation test
25 D-33




‘ CH2ZIVIHILL
e

PROJECT: Tri-City WPCP Liquids Expansion
ELEVATION: 45'

WATER LEVELS: 22.95'

PROJECT NUMBER: 174016

SOIL BORING LOG

BORING NUMBER: B-102

Sheet: 2 0of 3

START: 8/6/02

LOCATION: SE of clarifier no. 3

DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

FINISH: 8/7/02

LOGGER: R. Wilcock

w
0 SAMPLE STANDARD ]
< | PENETRATION SOIl. DESCRIPTION COMMENTS
8 2 TEST
@2 4 |a - RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
mo| | Z@& | w COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
TZ| = [ €W | >
= 3 L | w ﬂE’ o] 6"-6"5" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
el = (25| & ) STRUCTURE, MINERALOGY INSTRUMENTATION
HE| 2 |72 | B
gg.g ss7| 18 4-4-5 (9) SILT (ML) » PP = 1.25,1.25, tsf (SS-7)
5 brown, moist, stiff, low plasticity W= 45%
19275 SILT TO SANDY SILT (ML) : ‘
ago|SS8| 18 3-4-7(11) Upper 12": same as above; Lower 6*: brown, gg?gidlg&;;?;lfzsé_ssgample
wel, stiff, nonplastic to low plasticity, 15% very ’
55 E fine sand Push bottomed out at 30.4 ft
30— 304 | SO-9 | 12 PUSH SILTY SAND (SM) Hit dense gravel at 30.4 fi; silty
I 305 SILTY SAND (SM) sand at bottom of SO-9
92,0 |SS-10| 16 | 22-16-11(27) | black with some white and red grains, moist, P200 = 19%
medium dense, fine grained sand, 1" zone of Driller indicates siit and sand
cemented sand at top of sample, 15% siit, 2" seams 1o 34 ft
8 sandy silt layer near bottom of sample
J
35
J 35.0 \ POOR RECOVERY
35.g [SS-11| NR 42-50/4 one piece of 1%* black gravel wedged in shoe
- Drilling rate increased from
0 39-40 fi; lost 10-15 gallons of mud
40.0 POORLY GRADED GRAVEL WITH SILT AND
4415(SS12] 5 23-20-20 (40) SAND (GP-GM)
black gravel and sand, brown silt, wet, denss,
fractured and angular gravel 34" up to 112",
10% sand, 10% siit
Reamed oul hole and continued
with 6" tri-cone bit
45 - .
5.0 . ! POOR RECOVERY Slow drilling, approx. 20 min/ft
4452 |SS-13| NR 50/2 one piece of black 1%" angular gravel in shoe,
black, wet, very dense
: |
50 D-34




‘ PROJECT NUMBER: 174016 BORING NUMBER: B-102
CH2Z2MHILL Sheet: 3 of 3
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SE of clarifier no. 3

ELEVATION: 45 DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon

DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

WATER LEVELS: 22.95' START: 8/6/02 FINISH: 8/7/02 LOGGER: R. Wilcock

1w
SAMPLE STANDARD
g | PENETRATION SOIL DESCRIPTION COMMENTS

B Z TEST
o@| 45 | a x RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,

g 4 | 2L | W COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
E S| = (wd| 9 b o DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a2l E a5 Q GG STRUCTURE, MINERALOGY INSTRUMENTATION
aG| 2 |[E2| @

50.0 . POOR HE_COVEHY Bagged up slough to show
1503 |SS-14 NR 503 1" slough in sampler gra%gél lypg; rnos?l[y black with 2-3

pieces of quartzile

Hit siltstone at 53.5 ft
y Shut down at 4:30, start drilling
on 8/7/02 at 6:00

55- 54.5 SILTSTONE \
s5.9 | SS-15| 17 28-32-50/5" brown with 1" blue-green seam and blue and PP = no penetration at 4.5 tsf
L_rust mottling, moist, hard _A End Boring at 55.9 ft
Installed Piezometer in
1 BOTTOMGF BORING accordance with OAR 690-240
. Finished piezo install at 7:00
moved to B-103
Took reading in piezo on 8/9/02
60— groundwater at 22.95 ft
i Piezometer Materials:
2" OD schedule 40 PVC pipe

il 5'20-slot machine-slotted screen with end cap
3/4 bentonite chips

g 8/12 Colorado silica sand
Grout mix:
g 30 gal. waler
70 Ibs. portland cement
65 20 Ibs. bentonite powder

Piezometer Configuration:

- 54.5-53.5 bentonite chips
53.5-45.2 sand

7 52.5-47 .5 screen

45.2-42.2 chips

o 42.2-1.5 grout (50-55 gallons used)

20 1.5-0 flush-mount monumenl set in concrete

75— D-35




‘ CH2Z2VIHILL
o

PROJECT: Tri-City WPCP Liquids Expansion

ELEVATION: 45
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

PROJECT NUMBER: 174016

BORING NUMBER: B-103

Sheet: 1 of 2

SOIL BORING LOG

LOCATION: N of clarifier no. 3
DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon

WATER LEVELS: N/A START: 8/7/02 FINISH: 8/7/02 LOGGER: R. Wilcock
]
3] SAMPLE STANDARD c ENT
< | PENETRATION SOIL DESCRIPTION OMMENTS
= g TEST
D2 4 | a - RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
a g § E i s COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
E 2 E w@| O 6"-6"-6" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
n 8 E (& § 8 e STRUCTURE, MINERALOGY INSTRUMENTATION
00| £ |2 | @
0— IR 140-pound safety hammer, rope
i and cathead with 1% wraps
around cathead
’ Big cobble pushing sampler to
4 25 . SILTY GRAVEL (GM) ; d SPT n
3.1 | 581 4 29-1211 black gravel, brown silt, moist, very dense, fine Elfienslepps BHery
angular gravel, 25-35% silt, 5-10% sand (FILL)
5 50 No Recove Gravel fill
{ a5 |SS2| NR | 17-18-19 (37) | —o—ecoven
- Into native material at 7 ft
10 10.0 SILT (ML)
1115 §5-3| 13 2-2-1 (3) brown, moist, very soft, low plasticity
B 15.0 SILT (ML) LL, PL, Pl =44, 31, 14 50%
N 3 1 = f » W= ]
165|554 | 15 1-1-1(2) Same as SS-3
20 PP =1.5, 1.25, 1.25 st
20.0 SILT (ML)
4215|585 | 14 2-1-3(4) same as S8-3
| PP = 1.0, 1.75, 1.75 1sf
4225 SILT {ML) e
240 | 886 | 17 3-2-2(4) same as SS-3 w=46%
25
250 SILT (ML) (top)
1270|807 | 24 PUSH SILTY SAND (SM) (botlom)
27.0 SILTY SAND (SM) P200 = 29%
-1 28.5 §5-8 | 14 3-5-10 (15) brown, moist, medium dense, fine sand, 46% :
| silt at top of sample grading to 25% in shoe
30 D-36 Hit gravel at 30 ft




‘ PROJECT NUMBER: 174016 BORING NUMBER: B-103
CH22NVMHILL Sheet: 2 of 2
- SOIL BORING LOG
PROJECT: Tri-City WPCP Liquids Expansion LOCATION: N of clarifier no. 3
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: N/A START: 8/7/02 FINISH: 8/7/02 LOGGER: R. Wilcock
17}
Q SAMPLE STANDARD
E | PENETRATION SOIL DESCRIPTION COMMENTS
2 :: Z TEST
m®| 4 | o = RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
mA| <« Z e w COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
rZ| = QW >
2| & w Q@ O oy DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
O| W = 6"-6"-6
He| E 1£5| @ STRUCTURE, MINERALOGY INSTRUMENTATION
06| £ (2| &
30.0 " POORLY GRADED GRAVEL WITH SILT (GP-
1310|589 3 34-50/6 GM)
| black and red, wet, very dense, subrounded to -
subangular gravel, 10% silt, 5-10% sand S‘?:\())?:‘hgerré\if:ﬁggr;ﬂ'gq 1((5) 1“5&
T 102; driller indicates smaller
_ gravel size (<2")
35 in SS-
3.0 (oo 10| » To0re" POORLY GRADED GRAVEL (GP) sl i el .
- 35.4 black and red, wet, very dense, rounded to down with 3" splitspoon and
436.0 anguiar gravel up to 2" 300-pound hammer to get S5-11
azs [SS-11| 6 | 16-16-19(35) | 5| Ty GRAVEL WITH SAND (GM) P200 < 6%
black and red, wet, dense, gravel up to 22", .
| 15% sand, 15% silt End Boring at 37.5 ft
Boring backiilled in accordance
40— BOTTOM OF BORING e
45
50
1
55—
60— D-37
: |




PROJECT NUMBER: 174016 BORING NUMBER: B-104

‘ CHZMH"_L Sheet: 1 of 1
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SW corner of aeration basins 5 and 6
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: START: 8/7/02 FINISH: 8/7/02 LOGGER: R. Wilcock
T
o SAMPLE STANDARD |
B = ~| PENETRATION | SOIL DESCRIPTION COMMENTS
3 g TEST
WA 4 | o = RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
M2 S |35 | u COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
F3| E lwd@| 9 656" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a2 E &5 § i STRUCTURE, MINERALOGY INSTRUMENTATION
ao| 2 =2 |
0 Ground Syface 140-pound safety hammer, rope
i and cathead with 1%2 wraps
around cathead
4 256 SILT (ML)
40 |SS1| 14 10-8-7 (15) gray with brown mottling, moist, stiff, low to
medium plasticity (FILL)
5 Very slow driliing in fill; drilling
5.0 SILT (ML) through backdill material at
{65 |SS2| 15 7-16-43 (59) brown with black mottling, low plasticity, black exriztjigg c'aacr:gglrma RHais
| fractured gravel in shoe (FILL)
10 10.0 GRAVELLY SILT (ML
-1 10.8 SS-3| 4 20-50/3 \brown with black gravel, moist, hard, gravel up End Boring at 10.8 ft
| 1o 1" Boring backfilled in accordance
| - BOTTOM OF BORING with OAR 690-240
Moved 8' 1o the east and 6' to the
- south 1o get out of clarifier
15 backfill zone (See boring 104A)
20
25—
J ‘[
o] | D-38




0 CH2Z2IVIHILL
N

PROJECT: Tri-City WPCP Liquids Expansion

ELEVATION: 45'
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

PROJECT NUMBER: 174016

BORING NUMBER: B-104A

Sheet: 1 of 2

SOIL BORING LOG

LOCATION: SW corner of aeration basins 5 and 6
DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon

WATER LEVELS: N/A START: 8/7/02 FINISH: 8/7/02 LOGGER: R. Wilcock
w
O SAMPLE STANDARD
< | PENETRATION SOIL DESCRIPTION COMMENTS
z x Zz TEST | -
a® 4 |la > RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
@ cz: § E E lg COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
= 3 E wd | O 6"-6"-6" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a2l B eS| 8 i STRUCTURE, MINERALOGY INSTRUMENTATION
66| 2 |[F2| «
G d
0 (G T 140-pound safety hammer, rope
Bl and cathead with 2 wraps around
cathead
5 5.0 SILT (ML) 349
B " W= Y%
158 §3-1 5 4-50/5 brown, moist, hard, one piece 1" angular
i gravel in shoe (FILL)
. Inlo native material at 9 ft
10
10.0 SILT (ML)
4115|582 10 2-8-3 (6) brown with gray and red mottling, moist, firm, Quick, easy drilling
] low plasticity
15
15.0 SILT (ML)
4165|558 | 15 2-2-2(4) brown , moist, soft, low plasticity, 5% very fine
i sand
20 20.0 SILT (ML)
215|884 13 2-3-4 (7) Same as SS5-3
-4 225 SILT (ML)
240|585 | 14 3-33(6) Same as SS-3 ostert A o
220 SANDY SILT (ML) sterberg sampler TV = 0.15 s
25— 260 | SO-6 | 24 PUSH
26.0 SANDY SILT (ML) at top of sample grading to P200 = 47%
4275 |SS7| 18 34-5(9) SILTY SAND (SM) at bottom of sample
N brown, wet, firm/loose, fine sand, low plasticity
silt, 30% sand at iop, 30-40% silt at bottom
30 D-39 Gravel at 29.9 It




PROJECT NUMBER: 174016 BORING NUMBER: B-104A

‘ CHZ2NMHILL Sheet: 2 of 2
g SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: SW corner of aeration basins 5 and 6
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: N/A START: 8/7/02 FINISH: 8/7/02 LOGGER: R. Wilcock
w 5
3] SAMPLE STANDARD :
< | PENETRATION SOIL DESCRIPTION COMMENTS
2 = TEST
(@] =] et
oo 4 |a % RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
Mol £ |ZE| u COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
s 3l & |wd| O 666" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
a2l B eS| 9 ) STRUCTURE, MINERALOGY INSTRUMENTATION
ac| 2 |[F2| I
30.0 ) SILTY GRAVEL (GM)
131.0 85-8 6 34-50/6 black gravel, red silt, wet, very dense, angular
| gravel, 15% silt, 5-10% medium sand
35
3.0 |ccol g 46-50/59 SILTY GRAVEL (GM ]
4359 | °> ~50/5 black and red gravel, reddish brown sil, wet, / End Boring at 35.9 ft
4 very dense, 15-20% silt, 10% sand Boring backfilled in accordance
3 BOTTOM OF BORING with OAR 690-240
40—
45
50—
55—




‘ CH2Z2MHILL
-

PROJECT: Tri-City WPCP Liquids Expansion
ELEVATION: 45'

PROJECT NUMBER: 174016

BORING NUMBER: B-105

Sheet: 1 of 2

SOIL BORING LOG

LOCATION: N edge of aeration basins 5 and 6
DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon

DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

WATER LEVELS: N/A START: 8/8/02 FINISH: 8/8/02 LOGGER: R. Wilcock
w
o SAMPLE STANDARD
E ___| PENETRATION SOIL DESCRIPTION COMMENTS
L £ TEST
@2 4 | o = RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
0 % ; ‘zz E E COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
2| E (w0 | D EiTeie DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
el P |25 § - STRUCTURE, MINERALOGY INSTRUMENTATION
ac| 2 |F2|
d
0 Groind Suface 140-pound safely hammer, rope
jl and cathead with 1% wraps
around cathead
. 5.0 | SILT (ML) 29
i w=3
41 6.5 §S-1 15 10-9-10 (19) brown, moist, very stiff, medium plasticity, )
N trace very fine sand, one piece of 1" gravel at
top of sample (FILL)
. g-g ss-2| 156 | 9-14-15(29) | GRAVELLY SILT (ML)
: | brown and black, moist, very stiff, medium
| plasticity, 30% black fractured gravel up to 1" Large cobble at 9.5 ft
01755 (FILL)
1415|853 | 14 | 11-17-25(42) | GRAVELLY SILT (ML
brown with black gravel, moist, hard, 30% ]
B rounded and angular gravel up to 1", 10% fine Hit rubble or boulder at 12.2 ft
e to coarse sand (FiLL) Into native material at 12.5 ft
i 15.0 NO RECOVERY
4165 | 554 [ NR 333 (6) went back down with 3" splitspoon sampler E:g;:l:;ds";?;ﬁe':%f: g\lﬁmng a
| and recovered gravelly silt (ML), brown, moist, piece of coarse gravel; went
firm, low plasticity 15% black angular gravel up right back down hole V\’Ii(h s
1 to 2-1/2 splitspoon sampler and
. recovered 8* on 1.5 ft push from
- 15-16.5 ft; w = 35%
20.0 SILT (ML)
4215 |855| @ 4-4-5(9) brown, moist, stiff, low plasticity, trace very fine
J sand
230 SANDY SILT (ML) TV =015t
1250|506 22 PUSH
25
25.0 SILT (ML) _ W — 479
-126.5 §S-7| 18 2-3-3 (6) brown, moist, firm, low plasticity LL, PL, Pl =42, 36, 6; w = 47%
1775 sal 1o 1110 (00 SILTY SAND (SM 4" gravel searn at 27.5 ft
28.0 ) -11-9 (20) brown silt, black, red and white sand grains,
moist, medium stiff, fine sand, 25-30% silt
30 D-41




PROJECT NUMBER: 174016 BORING NUMBER: B-105

0 CH2MH|LL Sheet: 2 of 2
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: N edge of aeration basins 5 and 6
ELEVATION: 45 DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: N/A START: 8/8/02 FINISH: 8/8/02 LOGGER: R. Wilcock
)
3] SAMPLE STANDARD
2 | PENETRATION SOIL DESCRIPTION COMMENTS
B £ TEST
e 4 | x RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
Mo £ | ZE| 4 COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
ES c |wo| 9 N DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
G2 £ &35 & 6°-6"-6 STRUCTURE, MINERALOGY INSTRUMENTATION
o = t = [«
30.0 . SILTY SAND (SM) Gravel at 30.5 ft
" 313|359 | 12 8-45-50/3 same as above except some rust staining and ravela

—| %" rounded gravel in shoe

Slow, difficult drilling

35 Lost circulation, lost 30 gal.
35.0 POOR_RECOVERY mud, faster drilling, driller

i §8-10| NR 21-15-7 (22
36.5 22) indicates looser gravel from

one piece of 1)2" black angular gravel in shoe

4 35-38 ft
] Back into very dense gravel at 38
ft
40
40.0 ss11| 3 50/6" POORLY GRADED GRAVEL (GP) End Boting at 40.5 it
-1 40.5 black and red, wet, very dense, angular to . . .
rounded gravel up to 1%* Boring backfilled in accordance
7] with OAR 690-240
i BOTTOM OF BORING
45—
50—
55—

60— | D-42




‘ CH2Z2IMHILL
g

PROJECT: Tri-City WPCP Liquids Expansion

ELEVATION: 45'
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit

WATER LEVELS: N/A

START: 8/8/02

PROJECT NUMBER: 174016

BORING NUMBER: B-106

Sheet: 1 0of 2

SOIL BORING LOG

FINISH: 8/8/02

LOCATION: near center of aeration basins 5 and 6
DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon

LOGGER: R. Wilcock

w
O SAMPLE STANDARD
- E | PENETRATION SOIL DESCRIPTION COMMENTS
3 Z TEST
P 4 | o = RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
gl £ (FF| w COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
E 3| & |wo| g . DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
el = | & = o B STRUCTURE, MINERALOGY INSTRUMENTATION
[17] 2 | S W
ao [ = 0@
S
0-] Ground Surface 140-pound safety hammer, rope
i and cathead with 1% wraps
around cathead
5 5.0 SILT (ML)
. 6:5 §8-1] 10 9-7-6 (13) gray with red staining, moist, stiff, medium Last 2" of S8-1 is native silt
o plasticity (FILL), material in lip is low plasticity,
= brown native silt Scattered gravel at top of sample
190 |SS2]| 10 2-4-6 (10) SILT (ML
: brown, moist, stiff, low plasficity, one piece of
B 1" black angular gravel
10.0 NO RECOVERY
1115 §S-3| NR 2-2-2(4) some silt stuck to sample catcher
- Driller indicates samples lost at
i $S-3 and $S-4 probably due to
scaltered coarse gravel in silt;
E sampler is probably pushing a
15 piece of gravel
15.0 NO RECOVERY
4165 | SS-4 | NR 2-2:2(4) some silt stuck to sample catcher
27200 SILT TO SANDY SILT (ML)
1215 $S-5| 15 2:3-3(6) brown, moist, firm, nonplastic, 10-20% very
| fine sand
Osterberg sampler TV = 0.2 tsf
{2301 506 | 24 PUSH Siop v beilomiciishellyliba LLS' ?’rL’ PI- 47?3‘;' W & e
- 25.0 P y Consolidation test
25.0 SILT (ML)
4065 |SS7| 18 1-2-2(4) brown, moist, soft, low plasticity, trace very fine
o sand
15021 ss8 | 13 9-6-6 (12 SILTY SANDISM] g;ggr_m:svgf fos sendat 215 ¥
29.0 - -6-6 (12) red, black, brown, moist, medium dense, 25% soue
nonplastic 1o low plasticity silt
30 D-43




‘ PROJECT NUMBER: 174016 BORING NUMBER: B-106
CHZMHILL Sheet: 2 of 2
- SOIL BORING LOG

PROJECT: Tri-City WPCP Liquids Expansion LOCATION: near center of aeration basins 5 and 6
ELEVATION: 45' DRILLING CONTRACTOR: Geo-Tech Explorations, Tualatin, Oregon
DRILLING METHOD AND EQUIPMENT: Mobile B-59 rubber-tire drill rig, mud rotary, 4-7/8" tri-cone bit
WATER LEVELS: N/A START: 8/8/02 FINISH: 8/8/02 LOGGER: R. Wilcock
w
Q SAMPLE STANDARD
2 ——| LENETRATION SOIL DESCRIPTION COMMENTS
B z TEST
o 4 |a x RESULTS SOIL NAME, USCS GROUP SYMBOL, DEPTH OF CASING,
o £ |25 | w COLOR, MOISTURE CONTENT, RELATIVE DRILLING RATE, DRILLING
E2 r wd o 6"-5".6" DENSITY OR CONSISTENCY, SOIL FLUID LOSS, TESTS AND
o Q E |2 = @ e STRUCTURE, MINERALOGY INSTRUMENTATION
ad| 2 |[F2| &
30.0 SILTY SAND (SM)
1315|559 9 20-20-41 (61) | Yyack and red sand, brown silt, wet, very

Gravel at 31.4 ft

30 gal. mud loss at 32 ft; lost
circulation at 32.5 ft; added
bentonite to thicken mud

- Slow, difficult drilling from 30-35

dense, 15% silt, 2° silt lens near top of sample,
bottom 2" of sample is gravel

ft
3 .
° 35.0 ss-10| NR 50/4" POOR RECOVERY / End Boring at 35.3 ft
-1 35.3 fractured black gravel in shoe Boring backfilled in accordance

BOTTOM OF BORING with OAR 690-240

60 D-44




APPENDIX E
IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL REPORT
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Geotechnical and Environmental Consultants Geotechnical Design Report

A SHANNON & WILSON, INC. Attachment to and part of Tri-City WPCP Draft
L

Date: September, 2008
To: MWH Global
Anmericas, Inc.

Important Information About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be adequate for
a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report expressly for you
and expressly for the purposes you indicated. No one other than you should apply this report for its intended purpose without first
confetring with the consultant. No party should apply this report for any purpose other than that originally contemplated without first
conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific factors.
Depending on the project, these may include: the general nature of the structure and property involved; its size and configuration; its
historical use and practice; the location of the structure on the site and its orientation; other improvements such as access roads, parking lots,
and underground utilities; and the additional risk created by scope-of-service limitations imposed by the client. To help avoid costly
problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report may affect the recommendations.
Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of the proposed project is changed (for
example, if an office building will be erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or configuration of the proposed project is
altered; (3) when the location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for
application to an adjacent site. Consultants cannot accept responsibility for problems that may occur if they are not consulted after factors,
which were considered in the development of the report, have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report is
based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also affect
subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept apprised of
any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data were
extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual interface
between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may differ from
those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work together to help
reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly beneficial in this respect.

5/2007



A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can be
discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide conclusions. Only
the consultant who prepared the report is fully familiar with the background information needed to determine whether or not the report's
recommendations based on those conclusions are valid and whether or not the contractor is abiding by applicable recommendations. The
consultant who developed your report cannot assume responsibility or liability for the adequacy of the report's recommendations if another
party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a geotechnical/environmental
report. To help avoid these problems, the consultant should be retained to work with other project design professionals to explain relevant
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of their plans and specifications relative
to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test results, and
laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or other
design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared for
you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for whom the
report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was prepared. While a
contractor may gain important knowledge from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data specifically appropriate for construction cost
estimating purposes. Some clients hold the mistaken impression that simply disclaiming responsibility for the accuracy of subsurface
information always insulates them from attendant liability. Providing the best available information to contractors helps prevent costly
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants, To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports and other documents. These responsibility clauses are not
exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that identify where the
consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual responsibilities and take
appropriate action. Some of these definitive clauses are likely to appear in your report, and you are encouraged to read them closely. Your
consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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:11} SHANNON &WILSON. INC.

BossasT W AMD PRI ONIELT GOMBULTAMTS FLORIDA
> 9 VEED) TR RN L TATL GONSULTAMNTS MISSOURI
OREGON

WASHINGTON

WISCONSIN

October 26, 2016

Steve Hyland, PE

MWH Global, Inc.

806 SW Broadway, Suite 200
Portland, Oregon 97205

RE: GROUNDWATER MONITORING PROGRAM REPORT
TRI-CITY WATER RESOURCE RECOVERY FACILITY
SOLIDS HANDLING IMPROVEMENT PROJECT
CLACKAMAS COUNTY, OREGON

Dear Mr. Hyland:

This letter presents our field explorations, laboratory test results, and groundwater level
monitoring data for the Solids Handling Improvement Project at the Tri-City Water Resource
Recovery Facility (WRRF) in Clackamas County, Oregon. The project location is shown on the
Vicinity Map, Figure 1. Clackamas County Water Environment Services (WES) is planning the
improvements to the Tri-City WRRF with their engineering consultant, MWH Global, Inc.
(MWH). As a subconsultant to MWH, Shannon & Wilson, Inc., is providing geotechnical
services to support the project under Master Consulting Services Subcontract, No. MSA-
S&WINC-05202011. We performed our services in accordance with Task Order T10508587-
104357-OM, dated January 20, 2016. Our current scope of services, called Phase 700.2,
Groundwater Monitoring Program, focused on establishing a groundwater monitoring program
and included:

> Dirilling two 70-foot deep borings in the vicinity of the proposed solids handling facility;

> Installing 2-inch diameter wells in the boreholes;

> Developing the wells and installing automated dataloggers in them to monitor the
groundwater level through October 2016;

» Performing laboratory testing of select samples from the borings; and

> Preparing this report.

FIELD EXPLORATIONS

The field exploration program included two geotechnical borings, designated SH-1 and SH-2.
The borings were drilled to depths of 70 feet below the existing ground surface, in the vicinity of
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the proposed solids handling facility. Locations of the borings were measured in the field
relative to existing site features, and their approximate locations are shown on the Site and
Exploration Plan, Figure 2. Drilling was accomplished on January 27 and 28, 2016, using a
track-mounted Boart Longyear Mini-Sonic drill rig provided and operated by Cascade Drilling,
LP, of Clackamas, Oregon. Shannon & Wilson geology staff were on site during drilling to
locate the borings, log the materials encountered, and collect samples. Observation wells were
installed to depths of 50 feet below the ground surface in each boring, to allow ongoing
collections of groundwater level measurements. On January 29, 2016, a Shannon & Wilson
engineering geologist developed the wells and installed fully encapsulated dataloggers that were
programmed to record groundwater level measurements at one hour intervals. Details of the
field exploration program, including techniques used to advance and sample the borings, as well
as logs and photographs of the materials encountered, are presented in Appendix A, Field
Explorations. Groundwater level data recorded in the observation wells are presented in Figure
3, Groundwater Level Data.

LABORATORY TESTING

The 4-inch diameter sonic core samples obtained during our field explorations were boxed and
transported to the lower level of the Tri-City WRRF Screenings Building for further evaluation
and long-term storage. During a site visit to review and photograph the sonic core, we selected
representative samples for a suite of laboratory tests. The testing program included particle-size
analyses and unconfined compressive strength tests. Particle-size analyses were performed by
Shannon & Wilson. Unconfined compressive strength testing was performed by FEI Testing and
Inspection, Inc. (FEI) of Corvallis, Oregon. All test procedures were performed in accordance
with applicable ASTM International (ASTM) standards. Results of the laboratory tests and brief
descriptions of the test procedures are presented in Appendix B, Laboratory Test Results.

SUBSURFACE UNITS AND GROUNDWATER
Subsurface Units

We grouped the materials encountered in the geotechnical borings into five geotechnical units.
Generalized descriptions of the units are as follows:

» Fill: Soft to medium stiff Lean Clay (CL) and Silt (ML) with varying amounts of sand;
trace roots and organics; few pockets of Silty Sand (SM); includes pavement sections.

Tri-City WRRF Groundwater Rpt 24-1-03996-002
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> Fine-Grained Alluvium: Soft to medium stiff Silt with Sand to Sandy Silt (ML);
stratified with few interbeds of Silty Sand (SM); micaceous.

> Sand Alluvium: Loose Silty Sand (SM); micaceous.

» Gravel Alluvium: Medium dense to very dense Silty Gravel with Sand and Cobbles
(GM) to Poorly Graded Gravel with Silt and Sand, with Cobbles (GP-GM); Well-Graded
Gravel with Sand, with Cobbles; trace 12-inch-thick layers of Lean Clay (CL); trace
layers of mostly cobbles.

> Sandy River Mudstone: Stiff to hard Lean Clay (CL), Elastic Silt (MH), and Fat Clay
(CH) with varying amounts of sand; lesser amounts of Clayey Sand (SC); contains zones
with relict vesicular basalt texture; contains trace strong to very strong (R4-RS) basaltic
and granitic cobbles and boulders.

These geotechnical units were grouped based on their engineering properties, geologic origins,
and their distribution in the subsurface as encountered in the borings. Contacts between the units
may be more gradational than shown on the boring logs in Appendix A, and may vary
significantly between the borings.

Groundwater

Observation wells were installed in borings SH-1 and SH-2 to allow ongoing groundwater level
measurements. Shannon & Wilson staff developed the wells to improve communication with the
aquifer and then installed automated-dataloggers, set to record groundwater levels at one hour
intervals. Data collected from January 29, 2016 to October 13, 2016, are presented in Figure 3,
Groundwater Level Data.

Based on the materials we encountered in the borings and the apparent correlation between
recorded groundwater levels and nearby river gauge data, we infer that the groundwater table
throughout the site is hydraulically connected to the Clackamas River. Groundwater levels
should be expected to vary with changes in precipitation as well as river levels. Shallower zones
of perched water may be present within the Fine-Grained Alluvium. Groundwater highs
typically occur from late winter to spring, and groundwater lows typically occur in the early to
mid-fall season, before the onset of significant rainfall.

Tri-City WRRF Groundwater Rpt 24-1-03996-002



Steve Hyland, PE
MWH Global, Inc.
October 26, 2016
Page 4 of 5

LIMITATIONS

This report provides a compilation of field exploration, laboratory data, and preliminary
groundwater level data, for use by MWH in the Tri-City WRRF Solids Handling Improvement
Project. Interpretations contained in this report are based on site conditions as interpreted from
the explorations. We have assumed that the explorations are representative of the subsurface
conditions at the site of the proposed improvements and that subsurface conditions everywhere
are not significantly different from those disclosed by the explorations.

This report was prepared for the exclusive use of MWH and their design team. It should be
made available to prospective contractors for data information only. This report is not a
warranty of subsurface conditions, such as those interpreted from the exploration logs, including
interpretations of subsurface conditions in this report. We make no warranty, either express or
implied.

If, during final design and construction, subsurface conditions different from those encountered
in the field explorations are observed or appear to be present, we should be advised at once so
that we can review these conditions and reconsider our interpretations where necessary. If there
is substantial lapse of time between the submission of this report and completion of the final
design and the start of work at the site, or if conditions have changed because of natural or
manmade forces, we recommend that this report be reviewed with respect to the time lapse or
changed conditions. If we are not consulted after factors that were considered in the
development of the report change, we cannot accept responsibility for problems that may occur.

Unanticipated soil conditions are commonly encountered and cannot fully be determined by
merely taking soil samples from borings. Such unexpected conditions frequently require that
additional expenditures be made to attain properly constructed projects. Therefore, some
contingency fund is recommended to accommodate the potential for extra costs.

The scope of our geotechnical services did not include any environmental assessment or
evaluation regarding the presence or absence of hazardous or toxic materials in the soil, surface
water, groundwater, or air, on or below the site, or for evaluation of disposal of contaminated
soils or groundwater, should any be encountered, except as noted in this report.

Tri-City WRRF Groundwater Rpt 24-1-03996-002
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Shannon & Wilson, Inc., has prepared a document. “Important Information About Y our
Geotechnical/Environmental Report,™ to assist you and others in understanding the use and
fimitations of our report. This document is included in Appendix C.

Sincerely,
SHANNON & WILSON, INC.

OREGON

i ] oS
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oo (bl

Adrian A.). Holmes, CEG Jeity L. Jacksha, PL., GE
Senior ' Engineering Geologist Senior Associate | Geotechnical Engincer

AAJNVIL ) hrjfueb

Encl: Figure 1, Vicinity Map
Figure 2, Site and Exploration Plan
Figure 3, Groundwater Level Data
Appendix A - Field Explorations
Appendix B - Laboratory Test Resulls
Appendix C - Important Information About Your Geatechnival/Environmental Report
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APPENDIX A

FIELD EXPLORATIONS

A.l GENERAL

Shannon &Wilson, Inc., explored subsurface conditions at the project site with two geotechnical
borings, designated SH-1 and SH-2. Borehole locations were measured in the field relative to
existing site features using a tape-measure. Approximate locations of the explorations are shown
on the Site and Exploration Plan, Figure 2. This 'appendix describes the techniques used to
advance and sample the borings and presents logs and photographs of the materials encountered.

A2 SONIC DRILLING AND SAMPLING

The geotechnical borings were drilled between January 27 and January 28, 2016, using a track-
mounted Boart Longyear Mini-Sonic drill rig provided and operated by Cascade Drilling, L.P.
(Cascade), of Clackamas, Oregon. The borings were advanced to depths of 70 feet below the
existing ground surface using sonic drilling techniques. A Shannon & Wilson geologist was
present during the explorations to locate the borings, observe the drilling, collect soil and rock
core samples, and log the materials encountered.

Sonic drilling combines high frequency vibrations, downward pressure, and relatively slow
rotations to advance through and sample soil and rock. Typically, a core barrel is advanced first.
Then, to maintain borehole integrity, a larger-diameter outer casing is advanced over the core
barrel. If the borehole will reliably remain open, the outer casing is not required. Hardened steel
casing shoe-type bits are attached to the bottom of both the core barrel and the outer drill casing.
The bits have several carbide buttons around the tips and outer edges that cut through the soil
and rock as the drill string is vibrated and rotated. Drilling can be completed without the use of
drill fluids, but water is commonly used to flush material from the annular space between the
core barrel and outer casing, while the outer casing is driven.

To retrieve core sample, the core barrel is withdrawn from the hole and the sample is extruded
into tubular plastic bags using vibration. During this exploration program, the boreholes were
advanced in five-foot intervals while continuously core sampling. The bags of approximately 4-
inch diameter core were placed into wooden boxes. A Shannon & Wilson geologist labeled the
boxes, cut open the plastic bags, collected sealed jar samples at selected depths, and recorded a
preliminary log of the materials encountered. Pieces of intact Sandy River Mudstone were
carefully wrapped in plastic to retain native moisture and integrity for unconfined compressive

24-1-03996-002
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strength testing. The wooden core boxes were loaded onto pallets and transported to the lower
level of the Screenings Building at the Tri-City Water Resource Recovery Facility for further
evaluation, photographing (discussed below), and long-term storage.

A3 OBSERVATION WELL INSTALLATIONS

Observation wells were installed in both boring SH-1 and boring SH2 to allow ongoing
groundwater level measurements. The wells were each installed to depths of approximately 50
feet below the existing ground surface using 2-inch diameter schedule 40 polyvinyl chloride
(PVC) pipe. Portions of the hole below approximately 50 feet were backfilled with bentonite
chips. The bottom 20 feet of the pipes (approximately) were machine slotted to allow
groundwater to enter. The annuli around the screened sections were backfilled with sand filter
packs. Above the screened section, the annuli around the solid PVC pipes were backfilled with
additional bentonite chips. The wells are protected at the surface with flush-mount monuments
set in concrete. Well construction details and measured water levels are shown on the Logs of
Borings in this appendix.

On January 29, 2016, after the observation wells were installed, we developed them by running a
surge block up and down the screened sections and purging numerous well-volumes of water.
This improves the consistency of the communication between the wells and the aquifer. After
well development, we installed a fully encapsulated groundwater level datalogger (Solinst
Levelogger®) in each well. The dataloggers were programmed to record groundwater level
measurements at 1-hour intervals. Data obtained from the dataloggers are presented in Figure 3
of the main text.

A4 MATERIAL DESCRIPTIONS

Soil samples were described and identified visually in the field in general accordance with
ASTM D2488, Standard Practice for Description and Identification of Soils (Visual-Manual
Procedure). The specific terminology used is defined in the Soil Description and Log Key,
Figure Al. Consistency, color, relative moisture, degree of plasticity, peculiar odors, and other
distinguishing characteristics of the samples were noted. The samples were re-examined at the
Tri-City Water pollution Control Plant facility after drilling, and the field descriptions and
identifications were modified where necessary.

24-1-03996-002



A5 BORING LOGS AND CORE PHOTOGRAPHS

Summary logs of borings are presented in Figures A2 and A3. Material descriptions and
interfaces on the logs are interpretive, and actual changes may be gradual. The left-hand portion
of the boring logs gives our description, identification, and geotechnical unit designation for the
materials encountered in the boring. The right-hand portion of the boring logs shows a graphic
log, sample locations and designations, and a graphical representation sample recovery, moisture
content, and fines content. Photographs of the continuous sonic core samples are presented in
Figures A4 and A5. Some sonic core runs recovered less than 100 percent of the depth interval
sampled. This may occur in loose material or when a cobble becomes lodged in the cutting shoe,
preventing material from entering the core barrel. In sonic core runs where less than 100 percent

sample recovery was achieved, some empty spaces or gaps are apparent in the core box
photographs.
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2013 BORING CLASS1 24-1-039896-001.GPJ SW2013LIBRARYPDX.GLB SWNEW.GDT 4/12/16

PARTICLE SIZE DEFINITIONS

is 15% or more:
with Sand or
with Gravel®

with Sand or
with Gravel®

DESCRIPTION | SIEVE NUMBER AND/OR APPROXIMATE SIZE
Shannon & Wilson, Inc. (S&W), uses a soil
identification system modified from the Unified FINES < #200 (0.075 mm = 0.003 in.)
Soil Classification System (USCS). Elements of SAND
the USCS and other definitions are provided on Fine | #200 to #40 (0.075 to 0.4 mm; 0,003 to 0.02 in.)
this and the follpwmg pages. Soil descriptions Medium #40 to #10 (0.4 to 2 mm; 0.02 to 0.08 in.)
are based on visual-manual procedures (ASTM Coarse |#101to#4 (2 to 4.75 mm: 0.08 to 0.187 in.)
D2488) and Iaboratory testing procedures o )
(ASTM D2487), if performed. GRAVEL
Fine #4 to 3/4 in. (4.75 to 19 mm; 0.187 to 0.75 in.)
S&W INORGANIC SOIL CONSTITUENT DEFINITIONS Coarse | 3/4to 3in. (19 to 76 mm)
COARSE-GRAINED
CONsTITUENT? | FINE-GRAINED SOILS SOILS in.
STIT! (50% or more fines) s e s COBBLES |3to 12in. (76 to 305 mm)
Siit, Lean Clay, BOULDERS | > 12 in. (305 mm)
Major Elastic Silt, or Sand or Gravel*
Fat Clay RELATIVE DENSITY / CONSISTENCY
Modifying 30% or more More than 12% COHESIONLESS SOILS COHESIVE SOILS
(Secondary) | . oc0 grained: fine-grained:
Precedes major| o 4 Graveliy" Silty or Cla ey’ N, SPT, RELATIVE N, SPT, RELATIVE
constituent d ol yey BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY
15% to 30% 5% to 12% <4 Very | <2 Vi t
coarse-grained: fine-grained: ey fogse ery so
Minor with Sand or with Silt or 4-10  Loose 2-4 Soft
Follows maior = with Gravel® | __ withClay® _ _ 10-30 Medium dense 4-8 Medium stiff
S onsttuant | 30% or more total 30-50  Dense 8-15 Stiff
coarse-grained and| 15% or more of a > 50 Very dense 15 - 30 Very stiff
lesser coarse- second coarse- > 30 Hard
grained constituent| grained constituent:

WELL AND BACKFILL SYMBOLS

'All percentages are by weight of total specimen passing a 3-inch sieve.
*The order of terms is: Madifying Major with Minar.

*Determined based on behavior.
‘Determined based on which canstituent comprises a larger percentage.
*Whichever is lhe lesser constiluent.

MOISTURE CONTENT TERMS

Dry

Moist
Wet

Absence of moisture,
to the touch

Damp but no visible water

Visible free water, from below

water table

dusty, dry

STANDARD PENETRATION TEST (SPT)
SPECIFICATIONS

Hammer:

Sampler:

N-Value:

140 pounds with a 30-inch free fall.
Rope on 8- ta 10-inch-diam. cathead
2-1/4 rope turns, > 100 rpm

10 to 30 inches long
Shoe 1.D. =1.375 inc

Barrel I.D. = 1.5 inches

Barret O.D. = 2 inche

Sum blow counts for
6-inch increments.
Refusal: 50 blows for

less; 10 blows for 0 inches.

NOTE: Penetration resistances (N-values) shown on
boring logs are as recorded in the field and
have not been corrected for hammer
efficiency, averburden, or other factors.

hes
S
second and third

6 inches or

Bentonite
Cement Grout

Bentonite Grout
Bentonite Chips
Silica Sand
Gravel

Perforated or
Screened Casing

N
mmEP s
N G

Surface Cement
Seal

Asphalt or Cap
Slough

Inclinometer or
Non-perforated Casing

Vibrating Wire
Piezometer

PERCENTAGES TERMS "?

Trace < 5%
Few 5to 10%
Little 15 to 25%

Some 30to 45%

Mostly 50 to 100%

'Gravel, sand, and fines estimated by mass. Other constituents, such as
organics, cobbles, and boulders, estimated by volume.

®Reprinted, with permission, from ASTM D2488 - 09a Standard Practice for
Description and Identification of Soils (Visual-Manual Procedure), copyright
ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
A copy of the complete standard may be obtained from ASTM International,

www.astm.org.
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UNIFIED SOIL CLASSIFICATION SYSTEM (USCS)
(Modified From USACE Tech Memo 3-357, ASTM D2487, and ASTM D2488)

MAJOR DIVISIONS RO oL HIC | TYPICAL IDENTIFICATIONS
o
« B o Well-Graded Graval; Well-Graded
aw I... Gravel with Sand
Gravel
(less than 5% ¥
fine s @ o' Poorly Graded Gravel; Poorly Graded
(mogrrah\::sw% i GP e Gravel with Sand

of coarse
fraction retained

on No. 4 sieve) Silty or Clayey GM

Silty Gravel; Silty Gravel with Sand

(50% or more of

Gravel
0,
8%&8&%— (momﬁ;ﬁsasrj [t feTe, glan;:jey Gravel; Clayey Gravel with
a
SOILS
'more than 50%
gﬂafned on No. sW Well-Graded Sand; Well-Graded Sand
200 sieve) Sand with Gravel
(less than 5%
fines) SP Poorly Graded Sand; Poorly Graded
Sands Sand with Gravel

coarse fraction

Primarily organic matter, dark in
ORgTI\éIC colgr. a?'ld arganic odor PT

th X ; i : Sj i
Passe:f_wg)No 4 Silty or SM Sitty Sand; Silty Sand with Gravel
Clayey Sand
(more than 12%
fines) sC Clayey Sand; Clayey Sand with Gravel
ML Silt; Silt with Sand or Gravel; Sandy or
Gravelly Silt
. Inorganic %
Silts and ICIays cL fﬂ il Lean Clay; Lean Clay with Sand or
(hqtg;ia i.:ngg jfess ) Gravel; Sandy or Gravelly Lean Clay
| H Qrganic Silt or Clay; Qrganic Silt or
FINE-GRAINED Organic OL  [4|bi4|1) Claywith Sand or Gravel; Sandy or
SOILS Gravelly Organic Silt or Clay
(50% or mgvre E "/
pugees 8 10, f Elastic Silt; Elastic Silt with Sand or
200 sieve) MH bl A Gravel; Sa'ndy or Gravelly Elastic Silt
. Inorganic
§|It§ ar’1d.CIays CH / Fat Clay; Fat Clay with Sand or Gravel,
(liquid limit 50 or Sandy or Gravelly Fat Clay
more)
I, ap
A Organic Silt or Clay; Organic Silt or
Organic OH [i{bldid Claywith Sand or Gravel; Sandy or
;/ ’, A Gravelly Organic Silt or Clay
HIGHLY- s

Peat or other highly organic soils (see
ASTM D4427)

Placed by humans, both engineered
FILL and nonan;];meefed. May include
various soil materials and debris,

The Fill graphic symbol is combined
with the saoil graphic that best
represents the observed material

NOTE: No. 4 size =4.75 mm = 0.187 in.; No. 200 size = 0.075 mm = 0.003 in.

NOTES

1. Dual symbols (symbols separated by a hyphen, i.e., SP-SM, Sand
with Silt) are used for soils with between 5% and 12% fines or when
the liquid limit and plasticity index values plot in the CL-ML area of
the plasticity chart.

2, Borderline symbols (symbols separated by a slash, i.e., CL/ML,
Lean Clay to Silt; SP-SM/SM, Sand with Silt to Silty Sand) indicate
that the soil properties are close to the defining boundary between
two groups.

3. The soil graphics above represent the various USCS identifications
(i.e., GP, SM, etc.) and may be augmented with additional
symbology to represent differences within USCS designations.
Sandy Silt (ML), for example, may be accompanied by the ML sail
graphic with sand grains added.
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GRADATION TERMS

ACRONYMS AND ABBREVIATIONS

Poorly Graded Narrow range of grain sizes present
or, within the range of grain sizes ATD At Time of Drilling
present, one or more sizes are : ;
missin%A{Gap Graded). Meets criteria approx. A!Jprommate/Apprommately
in ASTM D2487, if tested. Diam.  Diameter
Well-Graded Full range and even distribution of Elev.  Elevation
grain sizes present. Meets criteria in it Feet
ASTM D2487, if tested. - .
5 FeO Iron Oxide
CEMENTATION TERMS gal.  Galions
Weak C|rumk;les or breaks with handling or Horiz. Horizontal
slight finger pressure
Moderate Crumbles or breaks with considerable HSA Ho|.|0w Stem Auger
finger pressure I.D.  Inside Diameter
Strong Will not crumble or break with finger in. Inches
pressure lbs. Pounds
PLASTICITY? MgO  Magnesium Oxide
APPROX. mm Millimeter
PLASITICTY| MnO Manganese Oxide .
INDEX NA  Not Applicable or Not Availabl
DESGRIPTION VISUAL-MANUAL CRITERIA __ RANGE_| A vatabe
Nonplastic A 1/B-in. thread cannotbe rolled < 4% onplastic
at any water content. 0.D.  Outside Diameter
Low A thread can barely be rolled and 4 to 10% OW  Observation Welt
a lump cannot be formed when f  Pound Cubic Foot
drier than the plastic limit. pc ounas p.er ubic Foa
Medium A thread is easy to roll and not 10to PID  Photo-lonization Detector
much time is required to reach the 20% PMT  Pressuremeter Test
plastic limit. The thread cannot be Part Mill
rerolled after reaching the plastic ppm arts per Million
limit. A lump crumbles when drier psi Pounds per Square inch
than the plastic limit. PVC  Polyvinyl Chloride
High It take considerable time rolling o ol
and kneading to reach the plastic > 20% pm olations per Minute
limit. A thread can be rerolled SPT  Standard Penetration Test
several times after reaching the USCS  Unified Soil Classification System
plastic limit. A lump can be .
formed without crumbling when q, Unconfined Compressive Strength
drier than the plastic limit. VWP  Vibrating Wire Piezometer
ADDITIONAL TERMS e e
: | = WOH  Weight of Hammer
Mottled rregular patches of different colors. WOR  Weight of Rads
Bioturbated  Soil disturbance or mixing by plants or Wt Weight
animals.
1
Diamict  Nonsorted sediment; sand and gravel STRUF‘:TURE TERMS - =
in silt and/ar clay matrix. Interbedded Alternating layers of varying material or color
with layers at least 1/4-inch thick; singular: bed.
Cuttings  Material brought to surface by drilling. Laminated Alternating layers of varying material or color
with layers less than 1/4-inch thick; singular:
Slough  Material that caved from sides of ) lamination. . .
borehole. Fissured Breaks along definite planes or fractures with
little resistance.
Sheared  Disturbed texture, mix of strengths. Slickensided Fracture planes appear polished or glossy;
1 sometimes striated.
PARTICLE ANGULARITY AND SHAPE TERMS Blocky Cohesive soil that can be broken down into
Angular  Sharp edges and unpolished planar EEZ'.LSS\,%‘A'” lumps that resist further
SNEEGESs Lensed Inclusion of small pockets of different soils,
Subangular  Similar ta angular, but with rounded such as small lenses of sand scattered through
edges. a mass of clay.
Homogeneous Same color and appearance throughout.
Subrounded  Nearly planar sides with well-rounded
edges.
Rounded  Smoothly curved sides with no edges. Tri-City WRRF Solids Handling Improvement
. . . Clackamas County, Oregon
Flat  Width/thickness ratio > 3.
Elongated  Length/width ratio > 3.
'Reprinted, with permission, from ASTM D2488 - 09a Standard Practice for SOIL DESCRIPTION
Description and Identification of Soils (Visual-Manual Procedure), copyright ASTM
Internalional, 100 Barr Harbor Drive, West Conshohocken, PA 19428. A copy of AND LOG KEY
the complete standard may be obtained from ASTM International, www.astm.org. .
2Adapted, with permission, from ASTM D2488 - 09a Standard Praclice for April 2016 24-1-03996-002
Description and Identification of Soils (Visual-Manual Procedure), copyright ASTM
International, 100 Barr Harbor Drive, West Canshohocken, PA 19428. A copy of SHANNON & WILSON, INC. FIG. A1
the complete standard may he obtained from ASTM International, www.astm.org. Geatechnical and Environmental Consuilants Sheet 3 of 3




Tatal Depth: 70t Northing: ~ Drilling Method: Rotosonic Hole Diam.: 6in.
Top Elevation: __~49 . Easting: ~ Drilling Company:  Cascade Drilling  Rod Type: -
Vert. Datum: Station: ~ Drill Rig Equipment: BL Minisonic Hammer Type: A
Horiz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Elev 2 © . * |PENETRATION RESISTANCE, N (blowsift)
Refer lo the report text for a proper understanding of the n - 52 |a Hammer Wt. & Drop: Ibs / inches
subsurface malerials and dnilling methods. The slratification Depth E [} o =4 m‘h—'
lines indicaled below represent the approximate boundaries (ft.) 2 5= = S /30 inches
between soil types, and the transitions may be gradual. 0 20 40 60 80 100
Soft to medium stiff, brown, Lean Clay to Lean <] ] '
Clay with Sand (CL); maist; fine sand; medium : E
plasticity; trace organics in upper 1 ft; AR
micaceous. i
R-1 :’?
&
FILL
-1
s 5
42.0
Soft to medium stiff, brown, Silt with Sand to 7.0 b
Sandy Silt (ML); moist; fine sand; nonplastic to
low plasticity; micaceous.
= 4 . :
S S| B 1[1] SSEAN S o D
z 5 | '
:
(4
- FINE-GRAINED ALLUVIUM
z R
2
g
s-3 15
I R4
I Loose, brown, Silty Sand (SM); moist; fine to
medium sand; nonplastic fines. : .
CONTINUED NEXT SHEET 0 20 40 60 - B0 100

o
B
=
=
=1
4]
8
o
-
Z
(7]
3
% LEGEND [ rRecovery (%)
g Soil Core - Sonic ¥  Groundwater Level on Date Shown & % Fines (<0.075mm)
5 I Jar Sample @ % Waler Content
§ @ Grab sample Plastic Limit |——— Liquid Limit
2 Tri-City WRRF Solids Handling Improvement
‘; Clackamas County, Oregon
Q|
g NOTES
:f 1. Refer to KEY for explanation of symbols, codes, abbreviations, and definitions. LOG OF BORING SH_1
b 2. Groundwater level, if indicated above, is for the date specified and may vary.
(1T}
3. Group symbol is based on visual-manual identification and selected lab testing.
o .
9 4. The hole location and elevation should be considered approximate. April 2016 24-1-03996-002
& -
) SHANNON & WILSON, INC. FIG. A2
g Gaotechnical and Environmental Consultants Sheet 1 of 4

REV 3



Total Depth: 701 Northing: o~ Drilling Method: Rotasonic Hole Diam.: 6in.
Top Elevation: ___~49 . Easting: ~ Drilling Company:  Cascade Drilling Rod Type: ~
Vert. Datum: Station: ~ Drill Rig Equipment: BL Minisonic Hammer Type: N/A
Hariz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Elev. i + |PENETRATION RESISTANCE, N (blowsift)
Refer to the report text for a proper understanding of the : - c | AH Wt. & Drop: Ibs / inche.
subsurface materials and drilling methods. The stratification Depth £ a Smmerig. & Siop —"'L;ﬂ;-’s—
lines indicated below represent the approximate boundaries (ft.) o = 140 lbs / 30 inches
between soil types, and the transitions may be gradual. 0 20 _ 40 80 80 100
Continued:
Loose, brown, Silty Sand (SM); moist; fine to 28.0
medium sand; nonplastic fines. 2.0
SAND ALLUVIUM
Medium dense to very dense, gray and brown, R5
Poorly Graded Gravel with Silt and Sand, with
Cobbles (GP-GM); moist; few cobbles; fine to
coarse, subrounded to rounded gravel; fine to
coarse sand; nonplastic fines.
25 -85
GRAVEL ALLUVIUM
R-6
T
3
E‘ _________________________ 19.0 IE 30—
| Brown, Lean Clay (CL); moist, trace fine to 300 S5t =
§ . coarse, subrounded to rounded gravel; trace 18.0 H
§| \fine sand; medium plasticity. il o B
Medium dense to very dense, gray and brown, 2l B
E Poorly Graded Grave! with Silt and Sand, with R § -
‘.é Cobbles (GP-GM); moist; few cobbles; fine to i =
3] coarse, subrounded to subangular gravel; fine =
to coarse sand; nonplastic fines. =
2 ft thick layer of Silty/Clayey Gravel with Sand Hl * T
(GM/GC) at 35 ft. =
@ =
S -
: -
B R-g =
1] -
3 =
& =
2 o =
g Cobbles stuck in bit likely caused poor =
[ recovery in R-8 9.0 = Py .
o CONTINUED NEXT SHEET 0 20 40 80 80 100
g . LEGEND [ Recovery (%)
g Soil Care - Sonic ¥ Groundwater Level on Date Shown & % Fines (<0.075mm)
g I Jar Sample @ % Water Content
8| @ Grab sample Plastic Limit |———— Liquid Limit
:
z Tri-City WRRF Solids Handling Improvement
g Clackamas County, Oregon
g NOTES
< 1. Refer to KEY for ex.pl.ana?lmn of symbol.s, codes, abbrewat'lons. and definitions, LOG OF BORING SH_1
o 2. Groundwater level, if indicated above, is for the date specified and may vary.
L
ol 3. Group symbol is based on visual-manual identification and selecled lab testing. .
81 4. The hole location and elevation should be considered approximate. April 2016 24-1-03896-002
o
o SHANNON & WILSON, INC. FIG. A2
§ Gealechnical and Environmental Consullants Sheet 2 of 4

REV 3



1. Refer to KEY for explanation of symbols, codes, abbreviations, and definitions.
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. Group symbol is based on visual-manual identification and selected lab testing.
4. The hole location and elevation should be considered approximate.

LOG OF BORING SH-1

April 2016

24-1-03996-002

SHANNON & WILSON, INC.

Gaotachnical and Environmental Consultants

FIG. A2

Sheet 3 of 4

Total Depth: 70 # Northing: -~ Drilling Method: Rotosonic Hole Diam.: 6 in.
Top Elevation: ___ ~ 491t Easting: ~____ Drilling Company: Cascade Drilling Rod Type: ~
Vert. Datum: Station: = Drill Rig Equipment: BL Minisonic Hammer Type: N/A
Horiz. Datum: Offset: = ~ Other Comments:
SOIL DESCRIPTION Eev! B! 8 » . & |[PENETRATION RESISTANCE, N (nlowsift)
Refer lo the report text for a proper understanding of the D 2 v S 2 £ | A Hammer Wt. & Drop: Ibs / inches
subsurface malerials and drilling methods. The stratification epth ; £ 88 1B 140 Ibs /30 i
lines indicated below represent the approximate boundaries ft) | | © o 2 & 40 Ibs / 30 inches
between soil types, and the transitions may be gradual. @ 0 Py 20 40 680 80 100
Medium dense to very dense, gray and brown, Rl g = '
Poorly Graded Gravel with Silt and Sand, with -
Cobbles (GP-GM); moist; few to little cobbles; =
fine to coarse, subrounded to subangular g
gravel; mostly medium to coarse sand; trace =
nonplastic fines. B
GRAVEL ALLUVIUM g
Stiff to very stiff, red and blue-gray, Lean Clay -_:- 45 |- ——
to Fat Clay (CL/CH); moist; medium to high H
plasticity. =
SANDY RIVER MUDSTONE =
®
T = )
3 &
= 48.2-49.5 fi: UCS = 50 psi 50l
z Dry Density = 72 pcf .
3
&
é
¥] Basaltic cobble (fresh, R4-R5) encountered at
-1
54 ft.
| Siff to hard, blue-gray and brown, Lean Clay | i
to Lean Clay with Sand (CL); moist; fine sand; X
g medium to high plasticity; contains zones of S [
z| relict vesicular basalt texture and relict
'3' mudstone texture.
%
g 558.8-57.2 ft: UCS =71 psi
H Dry Density = 65 pcf
4
Z - _
a CONTINUED NEXT SHEET 0 20 40 80 80 100
E LEGEND O Recovery (%)
[ [2] Soil Core - Sonic ¥ Groundwater Level on Date Shown & % Fines (<0.075mm)
E I Jar Sample ® % Water Content
2 Grab Sample Phastic Limit |—————J Liquid Limit
:
2 Tri-City WRRF Solids Handling Improvement
3 Clackamas County, Oregon
q
&
b=}
NOTES
3
3
w
(o}
g
&
@
=
=

REV 3



Total Depth: 70 & Northing: ~ Drilling Method: Rotosonic Hole Diam.: 6 in.

Rev: AAUJH Typ: AAJH

Log: AAJH

MASTER LOG E 24-1-03996-001.GPJ) SW2013LIBRARYPDX.GLB SHANWIL PDX.GDT 412116

Top Elevation: _ ~49 #. Easting: o Drilling Company:  Cascade Dirilling Rod Type: =
Vert. Datum: Station: ~. Drill Rig Equipment: BL Minisonic Hammer Type: N/A
Horiz, Datumn: Offset: = Other Comments:
SOIL DESCRIPTION Elev.| B a ¢+ |PENETRATION RESISTANCE, N (blowsitt)
Refer to the report text for a proper understanding of the D el 5 £ | A Hammer Wt. & Drop: ibs / inches
subsurface materials and dnlling methods. The siralification epth ; E T R e T
lines indicated below represent the approximate boundaries ft) | & (% 8 140 Ibs / 30 inches
between soil lypes, and the transitions may be gradual. 0 20 40 80 80 100
Continued: ggf’sa ' |
Stiff to hard, blue-gray and brown, Lean Clay /r’/r
to Lean Clay with Sand (CL); moist; fine sand; ///y
medium to high plasticity; contains zones of
relict vesicular basalt texture and relict / R-13 ;
mudstone texture. % 5
SANDY RIVER MUDSTONE ’%X 65 pgle S - Al
__________________________ -18.0
Stiff to hard, blue-gray, Lean Clay to Lean Clay | 670 /R_M :
with Sand (CL); moist; fine sand; medium to /
high plasticity; micaceous. % 54
-21.0 /{fﬁi 70 - By
Completed: January 28, 2016 700
75
0 20 40 60 80 100
LEGEND 0O Recovery (%)
Solil Core - Sonic ¥ Groundwater Level on Date Shown o % Fines (<0.075mm)
I JarSample ® % Water Conlent
Grab Sample Plastic Limit |————] Liquid Limit
Tri-City WRRF Solids Handling Improvement
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations, and definitions. LOG OF BORING SH-1
2. Graundwater level, if indicated above, is for the date specified and may vary.
3. Group symbol is based on visual-manual identification and selected lab testing, R
4. The hole location and elevation should be considered approximate. April 2016 24-1-03996-002
SHANNON & WILSON, INC. FIG. A2
Geotechnical and Environmental Consultants Sheet 4 of 4

REV 3



Rev: AAJH Typ: SCS

Log: CKS

MASTER LOG E 24-1-03998-001.GP.J SW2013LIBRARYPDX.GLE SHANWIL PDX.GDT 4/12/16

Total Depth: 701t Northing: = Drilling Method: Rotosonic Hole Diam.: 6 in.
Top Elevation: __ ~49 f, Easting: ~ Drilling Company:  Cascade Drilling_______ Rod Type: -~
Vert. Datum: Station: = Drill Rig Equipment: BL Minisonic ~ Hammer Type: N/A
Horiz. Datum: Offset: = Other Comments:
SOIL DESCRIPTION Eev. 3| 8 » . & |[PENETRATION RESISTANCE, N (blowsif)
Refer to the report lext far a proper understanding of the D 2 a5 S8 < la Hammer Wt. & Drop: Ibs /_inches
subsurface malerials and drlling melhods. The stratification epth g £ o8 =B
lines indicated below represent the approximate boundaries ) | & © (0] = 8
between soil types, and the transitions may be gradual. 0 0 20 40 60 80 100
1 AsphalUConcrete 41 %2 ' '
(1 AggregateBase 4%
Soft to medium stiff, brown, Silt with Sand to il
Sandy Silt (ML); moist to wet; fine to medium .- B
sand; low plasticity; trace rootlets and . Rl B
organics; few pockets of Silty Sand (SM). 3.0 il
FILL & &
Soft to medium stiff, brown, Sift with Sand to & &
Sandy Silt (ML), maist; fine sand; nonplastic to 8 = 5
low plasticity; stratified with few interbeds of sl
Silty Sand (SM); micaceous. s
s2p|| & §
R-2 ' .
FINE-GRAINED ALLUVIUM il
sab| | & &
R-3 ::{ :
i
S 15
I ‘ 320 |LLL &
Loose, gray-brown, Silty Sand (SM); moist; 17.0 ULyl s s
- . - A 31.5 SNy R
fine to medium sand; nonplastic fines; 175 o &
micaceous. SAND ALLUVIUM |1’ 5
Medium dense to very dense, Silty Grave! with A
Sand and Cobbles (GM); little cobbles. .ﬁ ’ :‘i
29.0 %4
CONTINUED NEXT SHEET 0 20 40 60 80 100
LEGEND O Recovery (%)
Soil Core - Sonic 2 Groundwater Level on Date Shown © % Fines (<0.075mm)
U Jor sample @ % Water Content
Grab Sample Plastic Limit |—————1 Liquid Limit

NOTES

1. Refer 1o KEY for explanation of symbols, codes, abbreviations, and definitions. LOG OF BORING SH-2

2. Groundwaler level, if indicated above, is for the date specified and may vary.

3. Group symbol is based on visual-manual identification and selected lab testing. R

4. The hole location and efevation should be considered approximate. April 2016 24-1-03996-002
SHANNON & WILSON, INC. FIG. A3
Geolechnical and Environmental Consultants Sheet 1 of 4

Tri-City WRRF Solids Handling Improvement
Clackamas County, Oragon

REV 3



Log: CKS

MASTER LOG E 24-1-03996-001.GPJ SW2013LIBRARYPDX.GLB SHANWIL PDX.GDT 4/12/16

Rev: AAJH Typ: SCS

Total Depth: 70 ft. Northing: ~ Drilling Method: Rotosonic Hole Diam.: 6 in.
Top Elevation: __ ~49#f. __  Easting: ~ _Drilling Company:  Cascade Drilling Rod Type: ~
Vert. Datum: ____ Station: = Drill Rig Equipment: BL Minisonic Hammer Type: NA
Horiz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Elev.| 3| 8 o . & |PENETRATION RESISTANCE, N (blows/it)
Refer to the report text for a proper understanding of the D =N - 5 L | A Hammer Wt & Drop: Ibs / inches
subsurface malerials and drilling methods. The stratification epth ; £ 08 1w ==
lines indicated below represent the approximate boundaries (ft) | & g 0] = 8
between soil types, and the fransitions may be gradual. 0 20 40 60 80 100
Medium dense to very dense, gray and brown, | “9C '_"_ '
Poorly Graded Gravel with Silt and Sand, with >,
Cobbles (GP-GM); moist; few to litfle rounded , @
cobbles; fine to coarse, subrounded to g
rounded gravel; fine to coarse sand; nonplastic '-. RS
fines. *
.0
.O
oz'm
.. 25 -
.
GRAVEL ALLUVIUM ;&
[
o
Y ‘ R-6
®
s
L]
'.
'. 56
8 0l e
) .
18.0 29
B T T e e e T e e e e e LW
Medium dense to very dense, gray and brown, 31.0 ‘. & %
Poorly Graded Grave/l with Silt and Sand, with R g
Cobbles (GP-GM}; wet; few to little rounded XYl
cobbles; fine to coarse, subrounded to g
rounded gravel; mostly medium to coarse '-.
sand; nonplastic fines; trace to few interbeds ‘. 't
of Silty Gravel with Sand (GM). D, a5
Y ; 35
L]
D.‘
. @
)
Cobbly zone from 37.5 feet to 39 feet. Po oo
s AR R s A i i e e e 11.0 ‘_2, S |
Medium dense to very dense, gray and brown, 380 ¢ 't
Well-Graded Gravel with Sand, with Cobbles s
(GW); little to some cobbles. . @ j
CONTINUED NEXT SHEET A 0 20 40 80 80 100
LRSI O] Recovery (%)
Soil Core - Sonic ¥ Groundwater Level on Date Shown & % Fines (<0.075mm)
§  Jar Sample @ % Water Content
Grab Sample Plastic Limit |———— Liquid Limit
Tri-City WRRF Solids Handling Improvement
Clackamas County, Oregon
NOTES
1. Refer to KEY for explanalion of symbols, codes, abbreviations, and definitions. LOG OF BORING SH'2
2. Groundwater level, if indicated above, is for the date specified and may vary.
3. Graup symbol is based on visual-manual identification and selected lab testing. .
4. The hole location and elevation should be considered approximate. April 2016 24-1-03996-002
SHANNON & WILSON, INC. FIG. A3
Geotechnical and Enviranmental Consultants Sheet 2 of 4

REV 3



Rev: AAJH Typ: SCS

Log: CKS

MASTER LOG E 24-1-03996-001.GPJ SW20M3LIBRARYPDX.GLE SHANWIL PDX.GDT 4/12/16

Total Depth:
Top Elevation:
Vert. Datum:
Horiz. Datum:

_70#
~49 1

Northing:
Easting:
Station:
Offset:

Drilling Method:
Drilling Company:

Other Comments:

Rotosonic ~ Hole Diam.:
Cascade Drilling_ Rod Type:
Drill Rig Equipment: BL Minisonic Hammer Type:

6 in.

NA

SOIL DESCRIPTION
Refer (o the report text for a proper understanding of the
subsurface malerfals and drilling methods. The slratification
lines indicated below rep i the approxi boundarles
between soil types, and the Iransitions may be gradual.

Elev.
Depth
(ft.)

Samples

Ground

Water

PENETRATION RESISTANCE, N
A Hammer Wt. & Drop:

Depth, ft.

60 80

(blows/ft.}
Ibs / inches

100

Medium dense to very dense, gray and
orange-brown to brown, Well-Graded Gravel
with Sand, with Cobbles (GW); wet; little to
some subrounded to rounded cobbles; fine to
coarse, subrounded to rounded gravel; mostly
medium to coarse sand; nonplastic fines.

GRAVEL ALLUVIUM

o4 Symbol

Soft, gray, Lean Clay (CL); wet; trace fine
sand; medium plasticity; some highly
weathered to decomposed gravel and cobbles
from 48.5 to 49.2 feet.

S-8

FINE-GRAINED ALLUVIUM

Stiff to very stiff, brown to yellow-brown,
arange brown, and gray, Fat Clay with Sand
(CH); moist to wet; fine to coarse sand;
medium to high plasticity; relict rock texture;
secondary yellow and orange-brown
mineralization; relict vesicular basalt texture
from 52.5 to 54.5 feet.

SANDY RIVER MUDSTONE

Stiff to hard, brown to yellow to orange-brown
to gray, Lean Clay with Sand (CL) to Elastic
Silt with Sand (MH); moist; fine to medium
sand; medium to high plasticity; zones of relict

vesicular basalt texture.

T T O T T T T T T T T T

ke
ke
i

=

!

e ATt
KR

40

45

50

55

CONTINUED NEXT SHEET
GEN]
Soil Core - Sonic
I Jar sample
Grab Sample

¥ Groundwater Level on Date Shown

NOTES
1. Refer to KEY for explanation of symbols, codes, abbreviations, and definitions.

20 40
O Recovery (%)
O % Fines (<0.075mm)
@ % Waler Content

Plastic Limit |————] Liquid Limit

60 80

100

Tri-City WRRF Solids Handling Improvement
Clackamas County, Oregon

2. Groundwatar lavel, if indicated above, is for ihe date specified and may vary.

3. Group symboal is based on visual-manual identification and selected lab 1esting. 5

4. The hole location and elsvation should be considered approximate. April 2016 24-1-03996-002
SHANNON & WILSON, INC. | FIG. A3
Geotechnical and Enviranmental Consuliants Sheet 3 of 4

REV 3



Rev: AAJH Typ: SCS

Log: CKS

MASTER LOG E 24-1-03896-001.GPJ SW2013LIBRARYPDX.GLE SHANWIL PDX.GDT 4/12/16

LEGEND
Soil Core - Sonic ¥ Groundwater Level on Date Shown
I Jar Sample
(3@ Grab Sample

NOTES

Total Depth: 70ft. __ Northing: ~ Drilling Method: Rotosonic Hole Diam.: 6 in.
Top Elevation: ___ ~ 49 ft. Easting: ~ Drilling Company:  Cascade Drilling Rod Type: = ~
Vert. Datum: Station: ~ Drill Rig Equipment: BL Minisonic Hammer Type: N/A
Horiz. Datum: Offset: ~ Other Comments:
SOIL DESCRIPTION Eev. B3| 8 w . & [PENETRATION RESISTANCE, N (blowsiit)
Refer to the report text for a proper understanding of the Hel & | 58 < |a HammerWt &Drop:___ibs/ inches
subsurface malerials and drilling methods. The stratification Dept ; 3 o8& 7 e e
lines indicated below represent the approximate boundaries (fl.) 72 © [G] ; [
between soil types, and the transitions may be gradual. 0 a 0 20 40 60 80 100
Continued: % : ]
Stiff to hard, brown to yellow to orange-brown /
to gray, Lean Clay with Sand (CL) to Elastic /
Silt with Sand (MH); moist; fine to medium
sand; medium to high plasticity; zones of relict R13
vesicular basalt texture. /
SANDY RIVER MUDSTONE
_________________________ -15.0 {4/
Stiff to hard, gray, Clayey Sand (SC) to Sandy 64.0 5/
Lean Clay (CL); moist; fine o medium sand; 65 _
medium to high plasticity; relict sandstone [ ]
structure; slight iron-oxide staining.
65.3-66.3 ft: UCS = 29 psi . "‘_IR_“
Dry Density = 94 pcf
70
Completed: January 27, 2016
75
0 20 40 60 80 100

O Recovery (%)
<O % Fines (<0.075mm)
® % Water Content

Plastic Limit |————— Liquid Limit

Tri-City WRRF Solids Handling Improvement
Clackamas County, Oregon

1. Refer to KEY for explanation of symbols, codes, abbreviations, and definitions. LOG OF BORING SH-2

2. Groundwater level, if indicated above, is far the date specified and may vary.

3. Group symbal is based on visual-manual identification and selected lab testing. i

4. The hole location and elevation should be considered approximate. April 2016 24-1-03996-002
SHANNON & WILSON, INC. FIG. A3
Geolechnical and Environmental Consultants Sheet 4 of 4

REV 3
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APPENDIX B
LABORATORY TEST RESULTS

B.1 GENERAL

The soil samples obtained during the field explorations were described and identified in the field
in general accordance with the Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure), ASTM D2488. The specific terminology used is presented in
Appendix A, Figure Al. The samples were reviewed at the Tri-City Water pollution Control
Plant after drilling. The physical characteristics of the samples were noted, and the field
descriptions and identifications were modified where necessary in accordance with terminology
presented in Appendix A, Figure Al. After core photographs were taken, representative samples
were selected for various laboratory tests. We refined our visual-manual soil descriptions and
identifications based on the results of the laboratory tests, using elements of the Standard
Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification
System), ASTM D2487. The refined descriptions and identifications were then incorporated into
the Logs of Borings, presented in Appendix A. Note that ASTM D2487 was not followed in full
because it requires that a suite of tests be performed to fully classify a single sample.

The soil testing program included moisture content tests, unit weight determinations, particle-
size analyses, and unconfined compressive strength testing. Particle-size analyses and associated
moisture content tests were performed by Shannon & Wilson, Inc. Unconfined compressive
strength testing, and associated unit weight and moisture content tests, were performed by FEI
Testing & Inspection, Inc. (FEI), of Corvallis, Oregon. All test procedures were performed in
accordance with applicable ASTM International (ASTM) standards. General testing procedures
are summarized in the following paragraphs.

B.2  SOIL TESTING
B.2.1 Moisture (Natural Water) Content

Natural moisture content analyses were performed, in accordance with ASTM D2216, on
samples that were selected for particle-size analyses and unconfined compressive strength
testing. The natural moisture content is a measure of the amount of moisture in the soil at the
time the explorations are performed, and is defined as the ratio of water weight to dry soil
weight, expressed as a percentage. The results of all moisture content analyses are presented
graphically on the Logs of Borings in Appendix A. Results of moisture content analyses
performed by Shannon & Wilson as part of the particle-size analyses are also shown on Figure
B1, Grain Size Distribution. Results of moisture content analyses performed by FEI as part of

24-1-03996-002
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the unconfined compressive strength tests are also shown in the FEI Testing Results attached to
this appendix.

B.2.2 Unit Weight Determinations

Some unit weights were determined during the course of FEI’s unconfined compressive
strength testing. The results of all unit weight determinations are presented on the Logs of
Borings in Appendix A and in the FEI Testing Results attached to this appendix.

B.2.3 Particle-Size Analysis

Particle-size analyses were conducted on select samples in accordance with ASTM
D6913. A wet sieve analysis was performed to determine a percentage (by weight) of the sample
passing the No. 200 (0.075 mm) sieve. The material retained on the No. 200 sieve was shaken
through a series of sieves to determine the distribution of the plus No. 200 fraction. The results
of all particle-size analyses are plotted on Figure B1, Grain Size Distribution, and the amount of
material passing the No. 200 sieve for each tested sample is indicated on the Logs of Borings in
Appendix A.

B.2.4 Compressive Strength Testing

Selected sonic core samples of the Sandy River Mudstone were tested using ASTM
D7012 (Method C), the Compressive Strength of Intact Rock Core Specimens. The test consists
of placing a rock core specimen between two bearing plates and applying and measuring an axial
load increasing at a constant rate until failure. During the application of increasing axial load,
strain of the core sample is continuously measured with a dial indicator placed between the two
bearing blocks, measuring the decreasing length of the rock core. The highest load achieved, and
the length of the rock core at failure, are recorded. Measurements made during the test are used
to calculate the uniaxial compressive strength, Co, in psi. Results of the unconfined compressive
strength tests are presented on the Logs of Borings in Appendix A and in the FEI Testing Results
attached to this appendix.

24-1-03996-002
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Re:  Tri-City Solids WWTP

To:  Shannon & Wilson, Inc.
3990 Collins Way, Suite 100
Lake Oswego, OR 97035

Attn:

Enclosed are:

0 Report O Drawings M Test Results (4 Pages Tota! Incl. Cover)
[d Copy of Letter O Specifications
O Other

These are transmitted as checked below:

M For your use O For your review/approval
M As requested O For your files

Remarks: Requested laboratory testing results attached. Please call if you have any
questions.

Copy fo: Signature:

L

Rachel Rucker
President

[

This report and/or enclosed test data is the confidential property of the client to whom it is addressed and periains to the specific
process and/or material evaluated. As such, information contained herein shall not be reproduced in part or full and/or any part thersof
be disclosed without FEI Testing & Inspection, Inc.'s written authorization.

750 NW Comell Avenue - Corvallis, Oregon 97330 - phone (541) 7574698 - fax (541) 757-2991
29540 B Airport Road - Eugene, Oregon 97402 - phone (541) 684-3849 - fax (541) 684-3851
62979 NE Plateau Drive, Suite 3 - Bend, Oregon 97701 * phone (541) 3824844 - fax (541) 3824846



$96G "ON sjduies [34.

2'¢6 06LL £99-¢€'69 Z-HS
6719 G0l 2'/5865 L-HS
0cL €60} S'6h 8y L-HS
(1od) (§od) (193y) LaquinN
Kisusq Aig Aysuag 1opn yidaqg gjdwesg sidwesg
Wblsm nun "z 9jqe
6 (1074 8'9¢ 6G°¢El oLy 9C'6 £'99-¢'G9 CHS
Ll 086 609 clEl 8Ly Sv'g C'L5-8'GG L-HS
0s 069 L'LG ¢LEL gL'y 068 gevr-cay L-HS
(1sd) wbuang (sap (Juoosad) (zun) (u) (un) ) wdag SQUINN
anssaidwon peo JUSWOYD JaJepA Baly pajoaLuo) Jajawelqg yibua sidweg s|dweg
(ZL0Z A INLSV) uoissaidwon pauyuodun | sjgel

009-820991 2 #109/0)d |34
200-966€0- L-t2# 10sloid wald
d1MM splos AlD-11L :dweN 103foid
"ouj ‘uooadsul R bugsaf {34



(1)) 2°/S —8'SS (810J8q) ¢°/5 — 8'SS

(RUIBIU} S'6% — &'8F (3Ue) S6¥ — ¢ 8Y

——




.3 — 66.3 (after




APPENDIX C

IMPORTANT INFORMATION ABOUT YOUR
GEOTECHNICAL / ENVIRONMENTAL REPORT
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Geotechnical and Environmental Consuitants Groundwater Monitoring Program Report
Tri-City WRRF Solids Handling Improvement
Date: Qctober 2016
To: MWH Global, Inc.
Attn: Mr. Steve Hyland, PE

AN SHANNON & WILSON, INC. Attachment to and part of Report 24-1-03996-002
I

IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL/ENVIRONMENTAL
REPORT

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for a civil engineer may not be
adequate for a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your report
expressly for you and expressly for the purposes you indicated. No one other than you should apply this report for its intended
purpose without first conferring with the consultant. No party should apply this report for any purpose other than that originally
contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set of project-specific
factors. Depending on the project, these may include: the general nature of the structure and property involved; its size and
configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations imposed by the
client. To help avoid costly problems, ask the consultant to evaluate how any factors that change subsequent to the date of the report
may affect the recommendations. Unless your consultant indicates otherwise, your report should not be used: (1) when the nature of
the proposed project is changed (for example, if an office building will be erected instead of a parking garage, or if a refrigerated
warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation,
or configuration of the proposed project is altered; (3) when the location or orientation of the proposed project is modified; (4) when
there is a change of ownership; or (5) for application to an adjacent site. Consultants cannot accept responsibility for problems that
may occur if they are not consulted after factors which were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a geotechnical/environmental report
is based on conditions that existed at the time of subsurface exploration, construction decisions should not be based on a report whose
adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable before construction starts; for
example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may also
affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant should be kept
apprised of any such events, and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points where samples are taken. The data
were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurface conditions. The actual
interface between materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas not sampled may
differ from those predicted in your report. While nothing can be done to prevent such situations, you and your consultant can work
together to help reduce their impacts. Retaining your consultant to observe subsurface construction operations can be particularly
beneficial in this respect.
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A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant's report are preliminary because they must be based on the assumption that conditions
revealed through selective exploratory sampling are indicative of actual conditions throughout a site. Actual subsurface conditions can
be discerned only during earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions. Only the consultant who prepared the report is fully familiar with the background information needed to determine
whether or not the report's recommendations based on those conclusions are valid and whether or not the contractor is abiding by
applicable recommendations. The consultant who developed your report cannot assume responsibility or liability for the adequacy of
the report's recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a
geotechnical/environmental report. To help avoid these problems, the consultant should be retained to work with other project design
professionals to explain relevant geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site personnel), field test
results, and laboratory and/or office evaluation of field samples and data. Only final boring logs and data are customarily included in
geotechnical/environmental reports. These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready access to the complete
geotechnical engineering/environmental report prepared or authorized for their use. If access is provided only to the report prepared
for you, you should advise contractors of the report's limitations, assuming that a contractor was not one of the specific persons for
whom the report was prepared, and that developing construction cost estimates was not one of the specific purposes for which it was
prepared. While a contractor may gain important knowledge from a report prepared for another party, the contractor should discuss
the report with your consultant and perform the additional or alternative work believed necessary to obtain the data specifically
appropriate for construction cost estimating purposes. Some clients hold the mistaken impression that simply disclaiming
responsibility for the accuracy of subsurface information always insulates them from attendant liability. Providing the best available
information to contractors helps prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact than other design
disciplines. This situation has resulted in wholly unwarranted claims being lodged against consultants. To help prevent this problem,
consultants have developed a number of clauses for use in their contracts, reports, and other documents. These responsibility clauses
are not exculpatory clauses designed to transfer the consultant's liabilities to other parties; rather, they are definitive clauses that
identify where the consultant's responsibilities begin and end. Their use helps all parties involved recognize their individual
responsibilities and take appropriate action. Some of these definitive clauses are likely to appear in your report, and you are
encouraged to read them closely. Your consultant will be pleased to give full and frank answers to your questions.

The preceding paragraphs are based on information provided by the
ASFE/Association of Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland
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March 16, 2012 5262-A GEOTECHNICAL RPT

Black & Veatch
5885 Meadows Road, Suite 700
Lake Oswego, OR 97035

Attention: Patrick Van Duser, PE

SUBJECT: Geotechnical Report
River Intake Pump Station (RIPS)
Lake Oswego Tigard Water Partnership — Package 3
Gladstone, Oregon

At your request, GRI is providing geotechnical engineering services for the proposed river intake pump
station (RIPS) along the Clackamas River in Gladstone, Oregon. The Vicinity Map, Figure 1, shows the
proposed location of the RIPS. Our geotechnical services for this task included a review of existing data for
the project, site reconnaissance, and engineering analyses. This report describes the work accomplished
and provides our recommendations for design and construction of the proposed RIPS and associated
improvements.

PROJECT DESCRIPTION

Replacement of the existing river intake pump station with a new RIPS is one element of the Lake Oswego
Tigard Water Partnership — Package 3. The RIPS will be constructed just upstream of the existing river
intake pump station on the right bank of the Clackamas River in Gladstone, Oregon, near Charles Ames
Memorial Park. The approximate location of the proposed RIPS is shown on the Site Plan, Figure 2.
Similar to the existing structure, an access bridge will be constructed for the new RIPS and will likely be
supported by deep foundations on the riverbank end.

The existing river channel directly upstream of the RIPS (Area 1) may also be modified to increase the
sweeping velocity in front of the proposed structure. As presently envisioned, this would include removing
about 1,500 cy of material from the area shown on Figure 2. The depth of the excavation would vary from
a few feet to a maximum depth of about 8 ft.

We understand the assumed design life for the new RIPS structure is 100 years. The Ordinary High Water
(OHW), 10-, 100-, and 500-year flood elevations at the site are about 17, 34, 44.5, and 52.5 ft,
respectively. All elevations provided in this report are in reference to the NGVD 29 datum.

GRlI is the geotechnical subconsultant for the project to Black & Veatch (B&V), the prime design consultant.
Additional subconsultants to the B&V team include R2 Resource Consultants, Inc. (R2) and OBEC
Consulting Engineers (OBEC). To support preliminary design by the project’s Program Management Team
(PMT), GeoDesign prepared a geotechnical data report and a seismic hazard assessment for the project in
March 2011. To further support the PMT, Northwest Hydraulic Consultants (NHC) evaluated riverbank

Providing geotechnical and environmentaol consulting services since 1984



stability within the project area and provided their findings in a July 2011 report. The baseline reports for
the project are as follows:

“Geotechnical Data Report, Proposed River Intake Pump Station, Gladstone, Oregon,”
dated March 7, 2011, prepared by GeoDesign.

“Geotechnical Data Report, Seismic Hazard Assessment, City of Lake Oswego and
Tigard Joint Water Supply System, Clackamas County, Oregon,” dated March 11,
2011, prepared by GeoDesign.

“Lake Oswego - Tigard Water Program, River Stability Assessment at River Intake
Pump Station, Final Report - Revised,” dated July 8, 2011, prepared by NHC.

As a separate task, GRI completed three additional borings to evaluate subsurface conditions in the vicinity
of the proposed upstream rock removal. The results of this work are summarized in our December 12,
2011, data report entitled, “Geotechnical Data Report, Upstream Rock Removal for River Intake Pump
Station (RIPS), Lake Oswego Tigard Water Partnership — Package 3, Gladstone, Oregon. This geotechnical
data report is provided in Appendix A. The March 7, 2011, geotechnical data report prepared by
GeoDesign is provided in Appendix B.

SITE DESCRIPTION

The proposed RIPS is located on the right bank of the Clackamas River in Gladstone, Oregon, near Charles
Ames Memorial Park. Figure 2 shows the location of the existing river intake pump station and the
approximate location of the new RIPS. During low water conditions, a relatively flat portion of the right
riverbank is exposed just upstream of the existing pump station. Available topographic information
indicates this area typically ranges in elevation from about +10 to +15 ft. The topography between the
relatively flat portion of the riverbank and the park level near elevation+ 55 ft quickly transitions to nearly
vertical in some areas.

Geology

The upland areas of the site are mantled by alluvial terrace deposits of the Clackamas River. The terrace
deposits typically consist of gravel, cobbles, and boulders in a matrix of sand with a trace of silt; however,
layers of sand and silt are present locally. Beneath the terrace deposits, volcanic rocks of the Tertiary
Columbia River Basalt Group are exposed along the riverbank in the area of the proposed RIPS (Walker,
1991). Weathering of the basalt is highly variable horizontally and vertically and ranges from slightly
weathered to predominately decomposed to residual clay, silt, and sand. In the project area, boulder-size
corestones of relatively hard, unweathered rock are present in the more-weathered portions of the basalt.

SUBSURFACE CONDITIONS
General

Subsurface materials and conditions at the site were investigated through a review of existing subsurface
information prepared by GeoDesign and supplemented with additional explorations and geologic
reconnaissance completed by GRI. The locations of the borings completed by GRI (B-1 through B-3) and
GeoDesign (CR-1 through CR-3, CR-7, and CR-8) are shown on Figure 2. The terms used to describe the
rock encountered in the borings are defined in Table 1.
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We have summarized the subsurface conditions based on the following three significant components of the
project: 1) RIPS Foundation Area, 2) Bridge Foundations and Upper Riverbank, and 3) Area 1 Excavation.
A more thorough discussion of the subsurface conditions can be found in the geotechnical data reports
included in the appendices.

It should be noted that our interpretation of a portion of the subsurface conditions at the site varies from
those disclosed in the GeoDesign reports. Where significant variations were observed, they are discussed
in the following sections.

RIPS Foundation Area

The GeoDesign borings CR-1, CR-2, and CR-7 indicate the location of the new intake structure is underlain
by basalt of variable rock hardness and weathering characteristics. The borings typically disclosed
extremely soft to soft (RO to R2) basalt from the ground surface to about elevation 2 ft. Medium hard to
very hard (R3 to R5) basalt was encountered beneath the extremely soft to soft rock (RO to R2) and extends
to elevations between about -6 and -9 ft. Beneath the medium hard to very hard (R3 to R5) rock, extremely
soft to soft (RO to R2) basalt is present to about elevation -18 ft. Harder basalt was encountered below
about elevation -18 ft to the maximum depth explored in the borings. Rock Quality Designation (RQD)
typically ranges from about 15 to 55% in the extremely soft to soft (RO to R2) basalt, indicating the rock
quality is very poor to fair. RQD values in the medium hard to very hard (R3 to R5) basalt typically range
from 30 to 95%, indicating the rock quality is excellent in some locations.

Bridge Foundations and Upper Riverbank

Based on review of GeoDesign boring CR-8 and our geologic reconnaissance of the site, the area of the
proposed bridge foundations is mantled by an approximate 5-ft thickness of uncontrolled fill. Alluvial
deposits of the Clackamas River are present beneath the fill between about elevation 28 ft and 51 ft. The
alluvial deposits typically consist of gravel, cobbles, and boulders in a matrix of sand with a trace of silt.
Variably weathered basalt was encountered beneath the alluvial deposits to the maximum depth explored.
In some locations, the basalt has weathered to the consistency of a very stiff soil. Although not
encountered in the GeoDesign boring, harder, less-weathered corestones are visible in portions of the
weathered basalt riverbank.

It should be noted that the GeoDesign boring and reports classify the majority of the riverbank slopes
between about elevation 10 ft and the overlying alluvial deposits as Troutdale Formation Silt. As described
above, we have classified this material as weathered basalt based on our geologic reconnaissance. In this
regard, the discussion of Troutdale Formation Silt presented in the GeoDesign boring logs, cross sections,
and reports should be disregarded.

Area 1 Excavation

As disclosed by GeoDesign borings CR-2 and CR-3 and GRI borings B-2 and B-3, the footprint of the
proposed channel modifications is underlain by basalt of widely varying rock hardness and weathering
characteristics. In GRI borings B-2 and B-3, medium hard to very hard (R3 to R5) basalt was encountered
from the ground surface to about elevation 4 to 7 ft. Beneath the medium hard to very hard (R3 to R5)
rock, extremely soft to soft (RO to R2) basalt was disclosed to the maximum depth explored. In GeoDesign
borings CR-2 and CR-3, extremely soft to soft (RO to R2) basalt was encountered from the ground surface to
about elevation 2 ft. Approaching the location of the new intake structure, medium hard to very hard (R3
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to R5) rock was encountered below the softer rock at elevation 2 ft in boring CR-2. RQD values up to 95%
in the medium hard to very hard (R3 to R5) basalt indicate the rock quality is excellent in some locations.
RQD values in the extremely soft to soft (RO to R2) basalt range from about 0 to 60%, indicating the rock
quality is generally very poor to fair.

Groundwater

Groundwater levels at the site are expected to fluctuate with the elevation of the Clackamas River. Perched
groundwater conditions also develop on top of the less-permeable, weathered basalt during wet weather
conditions. At the time of our reconnaissance in October 2011, heavy seepage was noted at this interface
and through fractures in the weathered basalt.

CONCLUSIONS AND RECOMMENDATIONS
General

We anticipate the RIPS structure will be supported by shallow foundations in the underlying medium hard
(R3) or harder basalt unit. Depending on the rock hardness encountered at the foundation subgrade
elevation, some overexcavation of more-weathered basalt may be needed.

A cofferdam and dewatering system will be needed to complete the proposed excavation and foundation
preparation. Methods to limit seepage and maintain stability will be a significant consideration for the
contractor’s selected cofferdam system.

The borings completed in the vicinity of the proposed Area 1 excavation indicate significant variability in
the rock quality and hardness across the footprint of the proposed excavation.

The effect of erosion and raveling of the existing riverbank soils is a significant consideration for design of
the proposed improvements. We anticipate the landside portion of the access bridge will be supported on
deep foundations to limit the risk of long-term erosion issues adversely affecting the foundations.

The following sections of this report provide our preliminary conclusions and recommendations for design
and construction of the RIPS and access bridge foundations, and related earthwork.

Seismic Considerations

We anticipate the proposed RIPS will be designed in accordance with the 2010 Oregon Structural
Specialty Code, which is based on the 2009 International Building Code (IBC). The IBC design
methodology uses two spectral response coefficients, Ss and $1, corresponding to periods of 0.2 and 1.0
second, to develop the design earthquake spectrum. The Ss and Si coefficients for the site are 0.92 and
0.32 g, respectively. Based on the subsurface conditions disclosed by the borings completed for the
project, we recommend using Site Class B, or rock site classification, for design of the new intake structure.

Based on our review of the subsurface explorations completed for the project, it is our opinion the risk of
liquefaction of soils below the OHW level is very low. Based on the proximity of the closest mapped fault,
in our opinion, the risk of ground rupture at the site is low. The risk of tsunami and seiches at the site is
absent,
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RIPS Shallow Foundation Support

As summarized in the subsurface conditions section of this report, the proposed RIPS footprint is underlain
by basalt of variable rock hardness, ranging from extremely soft to very hard (RO to R5). The subsurface
explorations completed for the project disclosed medium hard to hard (R3 to R5) basalt below about
elevation +2 ft in the vicinity of the proposed intake structure. However, softer, more-weathered basalt
was encountered below the medium hard to hard (R3 to R5) basalt at about elevation -8 ft in the three
borings completed by GRI for the RIPS. We understand the bottom of foundation for the RIPS structure
will be at about elevation -4 ft.

To provide suitable, long-term support for the structure, we recommend the RIPS foundation be established
in medium hard (R3) or harder rock. Shallow foundations established a minimum of 1 ft below the depth
at which medium hard (R3) or harder basalt occurs can be designed to impose an allowable bearing
pressure of up to 10 ksf. This value applies to the total of dead load plus frequently and/or permanently
applied live loads and can be increased by one-third for the total of all loads. This value assumes spread
footings will have a minimum width of 4 ft. The bottoms of footing excavations should be hand cleaned to
remove all materials loosened during excavation. All footing excavations should be evaluated by the
geotechnical engineer. We estimate that the settlement of spread footings established in accordance with
the above recommendations will be on the order of 12 in. or less.

It should be noted that we have reduced our recommended allowable bearing pressure from typical values
for medium hard (R3) rock. This recommendation is based on the likely presence of softer, more-
weathered rock encountered in the borings at relatively shallow depths below the medium hard (R3) basalt
at the proposed footing subgrade elevation. In addition, based on the likely variability of the rock
hardness, it should also be anticipated that some overexcavation may be required below the design
subgrade elevation of -4 ft to reach medium hard (R3) or harder rock. Any overexcavated areas should be
backfilled using structural concrete to provide suitable support for the new structure.

Lateral loads (seismic, etc.) can be resisted by frictional forces developed between the base of the mat slab
foundation and underlying bedrock. We recommend an ultimate value of 0.7 for the coefficient of friction
for mass concrete cast directly on clean, intact basalt. If additional lateral resistance is required, passive
earth pressures against foundations embedded in medium hard (R3) or harder basalt can be computed on
the basis of an equivalent fluid having a unit weight of 500 pcf. Passive earth pressures against the
backfilled pump station walls can be computed on the basis of an equivalent fluid having a unit weight of
150 pcf. These design passive earth pressure values are only applicable if the foundations are “neat-
formed” against bedrock and the backfill for the pump station walls is placed as compacted granular
structural fill. We do not recommend considering the frictional interaction of backfill against the pump
station walls for design purposes.

We understand the bridge and abutment structures are also being considered to resist lateral loads.
Additional discussion regarding lateral loading is provided in the Bridge Foundation Support section of this
report.

Uplift Considerations

Based on our discussions with the design team, resistance to uplift forces will be a key consideration in the
design of the RIPS. Common methods for resisting uplift forces acting on intake structures include
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increasing the thickness of walls and foundation elements, extending the base slab beyond the sidewalls of
the structure, and installing ground anchors in the base of the structure.

If the base of the pump station is extended beyond the sidewalls of the structure, additional uplift resistance
is provided by a combination of friction between the foundation and backfill and dead weight of the
backfill above the foundation. Regarding the weight of backfill above the foundation, only the compacted
backfill within the limits of the outside edge of the slab should be considered as additional load to resist the
uplift force. The effective weight of the submerged backfill should be evaluated using a buoyant unit
weight of 60 pcf for granular structural fill material. Shearing stresses in the backfill above the perimeter of
the base slab should provide some additional uplift resistance; however, for the purpose of design, it is
recommended that the shearing resistance of the backfill be neglected. Because of the limited embedment
in medium hard (R3) or harder rock, we also do not recommend assuming additional resistance based on
the rock/foundation interface.

We understand a system of permanent ground anchors will be used to provide some of the required uplift
resistance and the design load of the anchors will likely be in the range of 100 to 200 kips. A performance-
based specification is commonly used for ground anchors with criteria provided by the owner's engineer,
and the actual design and installation accomplished by qualified specialty contractors. In our opinion, for
the range of anticipated loads, epoxy-coated, #14 or #18, grade 75 steel bars grouted with neat cement
(Class I corrosion protection), will likely provide the most economical uplift resistance. We acknowledge
that a #18 bar is likely “oversized;” however, in our opinion it would be prudent to install a larger bar than
necessary to limit the amount of strain in the system. We anticipate the bars will need to have a minimum
length of 25 ft, which includes a bond length of 10 ft and a free, unbonded length of 15 ft. The minimum
bond length is provided only for preliminary planning purposes, and the actual bond length required will
need to be determined by the specialty contractor’s anchor designer and verified by full-scale tests prior to
production anchor installation. In this regard, we recommend performing at least one verification test that
confirms the bond zone has a minimum factor of safety of 2. In addition, all production anchors should be
proof loaded to 1.5 times the design load.

In general, we recommend that all anchor design, testing, and acceptance criteria follow the Federal
Highway Administration (FHWA) guidelines for permanent ground anchors. After the anchor has been
tested and passed the performance criteria, the specified lock-off load should be applied to the anchor.
Each anchor should be proof tested and locked off at the load specified by structural engineer to satisfy the
required deflection requirements. All anchor installation, testing, and acceptance criteria should meet the
FHWA requirements for permanent ground anchors.

Structural Fill

We anticipate up to about 10 ft of backfill will be placed around the pump station walls following
construction. We recommend granular structural fill is used to backfill the structure. Gravel or fragmental
rock up to about 8-in. maximum size and having less than 5% passing the No. 200 sieve (washed analysis)
would be suitable for this purpose. Crushed and/or processed, medium hard (R3) or harder rock excavated
from on site could also be considered for backfill. Backfill should be compacted to a minimum of 92% of
the maximum dry density determined in accordance with ASTM D 1556 or until the backfill is “well
keyed.” In this regard, if the backfill consists of fragmental rock greater than about 2-in. size, it will not be
practical to accomplish meaningful field density testing in this type of material; therefore, we recommend
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that the geotechnical engineer observe the compaction of this material. The type of compaction
equipment used may be dictated by access constraints and the type of backfill selected. Compaction
within close proximity to the pump station walls should be accomplished with hand-operated or small
compactors to limit additional stresses on the pump station walls. Appropriate lift thickness will depend on
the type of compaction equipment used; however, we recommend a maximum loose lift thickness of
12in.

To reduce the risk of erosion, we recommend the granular structural fill is capped with a minimum 2-ft
thickness of Corps of Engineers Class Ill riprap. Depending on the gradation of rock used for backfill, an
additional bedding material may be needed.

Lateral Earth Pressures

Design lateral earth pressures for embedded walls depend on the type of construction, i.e., the ability of the
wall to yield. The two possible conditions are 1) a wall that is laterally supported at its base and top and
therefore is unable to yield, and 2) a conventional cantilevered retaining wall that yields by tilting about its
base. We anticipate the walls of the intake structure will be designed to resist yielding and will be
backfilled with clean, granular material placed as structural fill. Non-yielding walls such as the RIPS
structure should be designed using equivalent fluid pressures of 50 pcf and 25 pcf for above water and
permanently submerged backfills, respectively. Horizontal pressures due to seismic loads may be
estimated on the basis of an equivalent fluid having a unit weight of 18 pcf. The resultant of the seismic
force acts at a distance of 0.6H above the base of the wall, where H is the height of the wall.

Cofferdam, Dewatering, and Temporary Excavation Considerations

General. Based on our discussions with design team, a temporary cofferdam system will be constructed to
facilitate excavation for the RIPS in dry conditions. The cofferdam will be a bidder-designed element, with
a conceptual design provided by the design team. The conceptual temporary cofferdam system consists of
_sheet piling laterally supported by a system of waler support piles and ring walers. Construction
sequencing for this type of system typically consists of installation of the perimeter waler support piles and
ring walers followed by installation of the sheet piles. The ring walers serve as a template for driving the
sheet piles, as well as provide lateral support for the sheets. The temporary cofferdam will be installed
about 15 to 20 ft outside the footprint of the new RIPS. We understand the cofferdam will be designed to
the 10-year flood elevation of about 34 ft and will be allowed to flood during construction if a larger flood
event occurs. Based on discussions with OBEC, we understand the template piles will be an HP14x89 or
larger and the sheet piles will be an AZ-18 or larger with a minimum wall thickness of 172 in.

Figure 3 shows a cross section of the temporary cofferdam area, including relative rock hardness values
from the borings completed in the area. We anticipate the support piles may be driven with tip protection
to about the elevation of the soft (R2) basalt. The support piles may penetrate the soft (R2) rock; however,
significant embedment into the medium hard (R3) basalt is not anticipated. The sheet piles will likely be
driven without tip protection to increase their embedment. We anticipate the sheet piles will penetrate the
extremely soft to very soft (RO to R1) rock with limited penetration into soft (R2) basalt. These penetrations
assume the piles will be driven with an impact hammer with a rated energy of at least 100,000 ft-Ibs. It
should be noted that harder, less-weathered basalt corestones are present in the softer, more-weathered
rock, and may prevent penetration of the support and sheet piles to the desired depth. Where the sheet
piles reach practical refusal with limited penetration, increased seepage should be anticipated. Potential
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remedial measures to deal with the increased seepage are discussed in the Dewatering Considerations
section of this report.

Temporary Excavations and Earth Pressures. Based on the available bathymetry, the RIPS foundation
excavation will vary from several feet up to about 15 ft. We recommend assuming temporary excavations
in the extremely soft to very soft (RO to R1) rock can initially be made at about 0.5H:1V. We have assumed
the excavations in the soft (R2) or harder rock will be made near vertical. These temporary excavations and
the recommended earth pressures for the cofferdam system are shown on Figure 4.

The stability of the temporary 0.5H:1V slopes when subject to seepage forces will be an important
consideration for the performance of the cofferdam system. The earth pressures shown on Figure 4
conservatively assume the remaining cut slope material inside the sheets provides no passive resistance. As
discussed further in the Dewatering Considerations section of this report, it should be anticipated that some
remedial measures will likely be required to maintain the stability of the temporary excavation slopes in
conjunction with the required dewatering within the cofferdam.

Dewatering Considerations. We understand the conceptual temporary cofferdam is being designed based
on a 10-year flood at a river elevation of 34 ft. This corresponds to a head differential of approximately
38 ft if the excavation is advanced and dewatered to elevation -4 ft. The amount of dewatering that will be
required on the inboard side of the cofferdam to accomplish the required construction in the dry is difficult
to quantify with the available geotechnical information and the anticipated variability of subsurface
conditions in the project area. Significant seepage should be anticipated in areas where the sheet pile tips
reach shallow practical refusal with minimal embedment, and in areas where the sheet pile tips are
damaged during installation. In these areas, the temporary excavation slopes may ravel or fail due to the
increased seepage forces and some remedial measures will likely be needed to effectively dewater the
cofferdam. Alternatives to help control seepage and maintain temporary slope stability include 1) placing
large sandbags or “supersacks” on the inboard and outboard toe of the sheets, 2) a drilling and grouting
program inside the cofferdam, and 3) shallow excavations along the inside of the sheet pile walls and
backfilling these excavations with a lean-mix concrete seal.

Based on the subsurface conditions at the site and our experience with similar projects, we are of the
opinion that dewatering can be completed with a system of sumps located within the limits of the
excavation. Due to the anticipated variability in sheet pile penetration, it is not possible to estimate the
actual quantity of water that will need to be pumped to accomplish the required dewatering. The number
and size of the pumps needed to accomplish the required dewatering will need to be adjusted based on
the actual conditions encountered during installation of the cofferdam.

The cofferdam and dewatering systems should be independently evaluated by the contractor and designed
by a civil engineer licensed in the State of Oregon.

Rock Excavation

Significant amounts of rock excavation will be required to establish the RIPS foundation and complete the
Area 1 excavation. We understand blasting will not be allowed for rock removal due to permitting issues
and the proximity of the existing intake structure. The contractor should be responsible for independently
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evaluating the rock characteristics and selecting the appropriate equipment to remove the rock in
accordance with the contract documents.

Riverbank Slope Stabilization

The March 2011 GeoDesign seismic hazard assessment report identifies areas of landslide hazard and
slope instability in the vicinity of the proposed access bridge. The July 2011 NHC report recommends
providing slope protection within the project area to minimize the risk of riverbank erosion. Their report
included a preliminary design for slope stabilization that included riprap and large stones. Several
conceptual alternatives for slope stabilization in the project area were provided in our draft technical
memorandum entitled, “River Intake Pump Station (RIPS) Slope Stabilization Alternatives, Lake Oswego-
Tigard Water Partnership — Package 3, Gladstone, Oregon,” dated December 7, 2011.

Based on discussions with the design team, it is our understanding that any slope protection alternative that
includes riprap placed below OHW is undesirable. In this regard, we provided several slope stabilization
alternatives that do not include any modification to the existing riverbank below OHW, including placing
riprap only on the upper portion of the slope, providing a mesh and soil-nail reinforcement on the upper
part of the slope, and leaving the existing slope “as is” and providing additional set back to the landslide
bridge foundation to allow for some future erosion.

After issuing our draft technical memorandum, the PMT and design team evaluated and selected an
additional alternative that better accommodates site constraints and other project goals. This selected
alternative involves construction of a secant pile wall at the location of the bridge abutment. The secant
pile wall will serve to support the bridge foundation and limit the risk of future riverbank slope erosion
adversely impacting the bridge abutment. Recommendations for the secant pile wall are discussed in the
Bridge Foundation Support and Secant Pile Wall section of this report.

Bridge Foundation Support and Secant Pile Wall

General. In conjunction with the new RIPS, an access bridge will be constructed on the right bank of the
river, similar to the existing intake structure. Based on discussions with OBEC, we understand foundation
design loads are on the order of 100 to 200 kips. As discussed in the Riverbank Slope Stabilization section
of this report, the bridge abutment will be supported by a secant pile wall. A secant pile wall consists of a
series of overlapping primary and secondary drilled shafts that form a continuous wall. The primary drilled
shafts are reinforced by either a rebar cage or steel section and are installed after the secondary drilled
shafts have sufficiently set up. For preliminary planning purposes, we have assumed the secant pile wall
will be drilled with 36-in.-diameter tooling.

We recommend about three of the drilled shafts that support the primary bridge loads extend through the
gravels and weathered basalt a minimum distance of 5 ft into soft (R2) or harder basalt. In our opinion, 36-
in.-diameter drilled shafts installed in accordance with these recommendations can achieve an ultimate
compressive capacity of at least 900 kips. Ultimate uplift resistances can be assumed to be two-thirds of
the ultimate compressive capacity. We recommend applying a factor of safety of 3 for dead load and
permanently applied live loads. For transient loading conditions such as seismic conditions, we
recommend using a factor of safety of 1.5 and 2 for compressive and uplift resistances, respectively. The
capacity of these shafts is likely conservative due to the skin friction from the adjacent secondary piles.
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The secondary piles can be terminated at shallower depths in the weathered basalt. The final depth of the
secondary piles can be evaluated after the final geometry of the bridge abutment is determined. The
available resistances, and design earth and water pressures should also be developed after the final wall
location has been determined.

The alluvial gravels, cobbles, and boulders that mantle the site are in a matrix of sand with a trace of silt.
We anticipate groundwater will be encountered in these materials, and caving of the pier walls may occur
during drilling. As a result, it would be prudent for the foundation contractor to assume that casing will be
necessary to support the overburden soils in the drilled shafts. All loose material should be removed from
the bottom of each drilled pier before placing the concrete. If the inflow of water is sufficiently high to
prevent removal of the water, the concrete should be placed using tremie methods. The bottom of the
tremie pipe should be maintained at least 4 ft below the surface of the concrete.

It is important to note the secant pile design criteria discussed in this section are based on the assumption
that the shafts will be installed in materials consistent with the descriptions provided in the Subsurface
Conditions section of this report. Drilling and installation of the secant pile wall should be observed on a
full-time basis by a geotechnical engineer to evaluate the subsurface materials and the contractor's
procedures. In this regard, the recommended depths of penetration into the weathered rock should be
considered a minimum depth. Based on our experience, the quality of the weathered basalt can vary
significantly over relatively short distances, and it should be anticipated that it will be necessary to deepen
some of the shafts to accommodate zones of more-weathered material. In this regard, the reinforcement
lengths for the drilled shafts should contain an allowance for additional drilling length.

Lateral Resistance. Due to the proximity of the secant pile wall to the riverbank slope, we do not
recommend designing the wall to resist significant lateral load in the direction of the riverbank. Based on
our discussions with OBEC, we understand seismic loading on the intake structure may be partially resisted
by an impact slab and drag key constructed at the north end of the access bridge. Horizontal forces can be
resisted by a combination of frictional resistance between the slab and subgrade soil and passive earth
pressure against the drag key. We recommend an ultimate value of 0.40 for the coefficient of friction for
mass concrete cast directly on the silt subgrade. Passive earth pressures against the drag key can be
computed on the basis of an equivalent fluid having a unit weight of about 300 pcf. This passive earth
pressure assumes that the drag key will be backfilled with compacted granular structural fill or cast directly
on undisturbed soil.

LIMITATIONS

This report has been prepared to aid the project team in design of the RIPS structure. The scope is limited
to the specific project and location described herein, and our description of the project represents our
understanding of the significant aspects of the project relevant to the RIPS. In the event that any changes in
the design and location of the RIPS as outlined in this memorandum are planned, we should be given the
opportunity to review the changes and to modify or reaffirm the conclusions and recommendations of this
report in writing.

The alternatives submitted in this report are based in part on the subsurface information developed by
GeoDesign. With respect to the work performed by others, we did not participate in the implementation
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of the work. We make no representations or warranty regarding instruments of service completed by
others.

Please contact the undersigned if you have any questions or comments.

Submitted for GRI,

CHARL J ZMMEMAN
el 1 P wan 7

Renews 11/2013

Scott M. Schlechter, PE, GE Michael J. Zimmerman, PE, GE, CEG H. Stanley Kelsay, PE, GE
Associate Senior Engineer /Geologist Principal Consultant
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Table 1
GUIDELINES FOR CLASSIFICATION OF ROCK

RELATIVE ROCK WEATHERING SCALE:

Term Field Identification
Fresh Crystals are bright. Discontinuities may show some minor surface staining. No discoloration in rock fabric.
Slightly Rack mass is generally fresh. Discontinuities are stained and may contain clay. Some discoloration in rock
Weathered fabric. Decomposition extends up to 1 in. into rock.
Moderately Rock mass is decomposed 50% or less. Significant portions of rack show discoloration and weathering effects.
Weathered Crystals are dull and show visible chemical alteration. Discontinuities are stained and may contain secondary

mineral deposits.

Predominantly ~ Rock mass is more than 50% decomposed. Rock can be excavated with geologist’s pick. All discontinuities
Decomposed exhibit secondary mineralization. Complete discoloration of rock fabric. Surface of core is friable and usually
pitted due to washing out of highly altered minerals by drilling water.

Decomposed Rock mass is completely decomposed. Original rock “fabric” may be evident. May be reduced to soil with
hand pressure.

RELATIVE ROCK HARDNESS SCALE:

Hardness Approximate Unconfined
Term Designation Field Identification Compressive Strength
Extremely RO Can be indented with difficulty by thumbnail. May be < 100 psi
Soft moldable or friable with finger pressure.
Very R1 Crumbles under firm blows with point of a geology pick. 100 - 1,000 psi
Soft Can be peeled by a pocket knife and scratched with
fingernail.
Soft R2 Can be peeled by a pocket knife with difficulty. Cannot 1,000 - 4,000 psi
be scratched with fingernail. Shallow indentation made
by firm blow of geology pick.
Medium R3 Can be scratched by knife or pick. Specimen can be 4,000 - 8,000 psi
Hard fractured with a single firm blow of hammer/geology pick.
Hard R4 Can be scratched with knife or pick only with difficulty. 8,000 - 16,000 psi
Several hard hammer blows required to fracture
specimen.
Very R5 Cannot be scratched by knife or sharp pick. Specimen > 16,000 psi
Hard requires many blows of hammer to fracture or chip.

Hammer rebounds after impact.

RQD AND ROCK QUALITY:
Relation of RQD and Rock Quality Terminology for Planar Surface
RQD (Rock Description of

Quality Designation), % Rock Quality Bedding Joints and Fractures Spacing

0-25 Very Poor Laminated Very Close < 2in,
25-50 Poor Thin Close 2in.-12in.
50-75 Fair Medium Moderately Close 12in.-36in.
75-90 Good Thick Wide 36in.—10ft

90-100 Excellent Massive Very Wide > 10ft
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9725 SW Beaverton-Hillsdale Hwy, Suile 140
Beaverton, OR 97006-3364
pl 503-641-3478 f| 503-644-8034

December 12, 2011 5262-A GEOTECHNICAL DATA RPT
(REVISED)

Black & Veatch
4800 Meadows Road, Suite 200
Lake Oswego, OR 97035

Attention: Patrick Van Duser, PE

SUBJECT: Geotechnical Data Report
Upstream Rock Removal for River Intake Pump Station (RIPS)
Lake Oswego Tigard Water Partnership — Package 3
Gladstone, Oregon

GRI is conducting a geotechnical investigation for the proposed river intake pump station (RIPS) along the
Clackamas River in Gladstone, Oregon. The Vicinity Map, Figure 1, shows the proposed location of the
RIPS. This data report summarizes the results of the exploration program undertaken to characterize
subsurface conditions upstream of the proposed intake, where rock may be removed to increase sweeping
velocities for the proposed intake structure. The results of the explorations are summarized below.

Project Description

Replacement of the existing river intake pump station with a new RIPS is one element of the Lake Oswego
Tigard Water Partnership — Package 3. The new RIPS will be constructed just upstream of the existing river
intake pump station at the location shown on the Site Plan, Figure 2. GRI is currently preparing
geotechnical design recommendations for the new RIPS structure as a subconsultant to Black & Veatch
(B&V). Additional subconsultants to the B&V team include R2 Resource Consultants, Inc. (R2) and OBEC
Consulting Engineers (OBEC).

Brown and Caldwell is the lead consultant for the Program Management Team (PMT) for the Lake Oswego
Tigard Water Partnership. As a subconsultant to Brown and Caldwell, GeoDesign completed a series of
borings to assist with preliminary design. The results of this exploration program are provided in
GeoDesign’s March 7, 2011, report entitled “Geotechnical Data Report, Proposed River Intake Pump
Station.”

Based on the modeling presented by R2 in their Technical Memorandum dated November 14, 2011, they
propose removing material upstream of the new RIPS to improve the sweeping velocity across the intake
screens. As presently envisioned this would include removing about 1,000 cy of material over a footprint
of about 209 by 52 ft, as shown on Figure 2. The depth of the excavation would vary from a few feet to a
maximum depth of about 8 ft.

Site Description

The proposed RIPS is located on the right bank of the Clackamas River in Gladstone, Oregon, near Charles
Ames Memorial Park. The Site Plan, Figure 2, shows the location of the existing river intake pump station
and the approximate location of the new RIPS. During low water conditions, a relatively flat pottion of the

Providing geotechnical and environmental consulting services since 1984



right riverbank is exposed just upstream of the existing pump station. Available topographic information
indicates this area typically ranges in elevation from about +10 to +15 ft. The topography between the
relatively flat portion of the riverbank and the park level near elevation+ 55 ft quickly transitions to nearly
vertical in some areas. All elevations are referenced to the NGVD 29 datum.

Geology

Volcanic rocks of the Tertiary Columbia River Basalt Group are exposed along the riverbank in the area of
the proposed excavation (Walker, 1991). Weathering of the basalt is highly variable horizontally and
vertically and ranges from slightly weathered to predominately decomposed into residual clay, silt, and
sand. In the project area, boulder-size corestones of relatively hard, unweathered rock are present in the
more weathered portions of the basalt.

Subsurface Conditions

General. GRI investigated subsurface materials and conditions in the area of the proposed excavation for
the new RIPS with three borings, designated B-1 through B-3, between October 17 and 19, 2011. Figure
2 shows the locations of the borings completed by GRI and GeoDesign. A discussion of the field
exploration and laboratory testing programs accomplished for this investigation is provided in Appendix A.
Logs of GRI borings are provided on Figures 1A through 3A. Logs of GeoDesign’s borings will be included
with our geotechnical report for the proposed RIPS.

Basalt was encountered from the ground surface to the maximum depth explored in the three borings. The
degree of weathering and hardness of the basalt vary widely. The basalt unit is described in more detail
below; the terms used to describe the rock encountered in the borings are defined in Table 1A.

Basalt. Hard to very hard (R4 to R5) basalt was encountered at the ground surface of borings B-2 and B-3
and extends to a depth of about 6.5 to 7.5 ft, respectively. The hard to very hard basalt is light to dark gray,
ranges from slightly weathered to fresh, and is vesicular. Unconfined compressive strength (UCS) testing
completed on samples of the hard to very hard basalt ranged from 11,569 to 31,953 psi; the results are
summarized in Appendix B. Fracture spacing ranges from close to wide, and the fractures are stained
orange or filled with gray clay. Rock Quality Designations (RQD) typically range from 90 to 95% in the
medium hard to hard basalt, indicating the rock quality is generally excellent. However, the RQD is 0%
between a depth of about 5 and 6.5 ft in boring B-2. Below a depth of 5 ft in boring B-2, the medium hard
to hard basalt becomes dark green to dark gray with very close to closely spaced fractures stained green,
blue, and white. The basalt becomes increasingly weathered below 6.5 ft in boring B-2 and below 8.7 ft in
boring B-3, and is classified as extremely soft to soft in hardness.

Extremely soft to soft (RO to R2) basalt was observed at the ground surface in boring B-1 and below the
medium hard to hard basalt in borings B-2 and B-3. These extremely soft to soft (RO to R2) materials
extend to the maximum depths explored of 15 to 16 ft in the three borings. The extremely soft to soft (RO
to R2) basalt ranges from dark gray to orangish gray to reddish brown and is predominately decomposed to
slightly weathered. UCS testing completed on samples of the extremely soft to soft basalt ranged from 127
to 1,044 psi; the results are summarized in Appendix B. The rock is vesicular, and fractures are very close
to close and typically filled with sand, silt, and clay. RQD values in the extremely soft to soft basalt vary
from 0% to 75%, indicating the rock quality varies from very poor to fair.

:



Groundwater. Groundwater at the boring locations is expected to fluctuate with the elevation of the
Clackamas River.

Limitations

This data report has been prepared to aid the project team in the evaluation of subsurface materials and
conditions upstream of the proposed river intake pump station (RIPS) location. The scope is limited to the
specific project and location described herein, and our description of the project represents our

understanding of the significant aspects of the project relevant to the design and construction of the
improvements.

Please contact the undersigned if you have any questions or comments.

Submitted for GRI,

Scott M. Schlechter, PE, GE Michael J. Zimmerman, PE, GE, CEG H. Stanley Kelsay, PE, GE
Assaciate Senior Engineer /Geologist Principal Engineer
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APPENDIX A
FIELD EXPLORATIONS

General

Subgrade materials and conditions for the Lake Oswego Tigard Water Partnership River Intake Pump
Station (RIPS) were investigated by GRI between October 17 and 19, 2011, with three borings, designated
B-1 through B-3. A geotechnical engineer from GRI maintained a detailed log of the materials and
conditions encountered in the explorations. Logs of the borings are provided on Figures 1A through 3A.
Each log provides a descriptive summary of the various types of materials encountered and notes the depth
where the material and/or characteristics of the material change. The terms used to describe the rock
encountered in the explorations are defined in Tables 1A, To the right of the descriptive summaries, the
depths and types of samples taken are indicated. Where applicable, percent core recovery and Rock
Quality Designation index are also summarized. To the left of the descriptive summary on the boring logs,
a graphic log indicates the general soil or rock types encountered.

The borings were completed using NQ wireline coring techniques with a portable drill rig provided and
operated by PLI Systems of Hillshoro, Oregon. The NQ wireline coring technique allows 5-ft-long,
relatively unfractured and intact “runs” to be extracted from the ground and observed. The rock cores were
classified in the field, including hardness, color, fractures, and other notable aspects. Field measurements
of the rock samples include the length of rock recovered relative to the run length, as well as the Rock
Quality Designation, which is a measure of the unfractured length of rock relative to the run length. The
rock cores were saved in core boxes and returned to our laboratory for further examination and testing.
Logs of the borings are provided on Figures 1A through 3A. Photographs of the samples obtained from the
boring are provided after the boring logs.

Unconfined Compressive Strength

Seven unconfined compressive strength tests were conducted in conformance with ASTM D 2938 to
obtain data on the strength characteristics of representative intact rock core samples. The Colorado School
of Mines Earth Mechanics Institute in Golden, Colorado, performed the tests as a subcontractor to GRI.
Unconfined compressive strength tests were performed with the load oriented along the axis of the core
samples. The results of the compressive strength tests are tabulated below. Data forms for individual tests
are provided in Appendix B.

SUMMARY OF UNCONFINED COMPRESSIVE ROCK STRENGTH

Unconfined
Core Compressive Failure Type
Boring Run  Depth, ft Strength, psi (see Appendix B) Rock Description
B-1 1 2.5 222 Non-Structural BASALT; extremely soft to very soft (RO to R1)
1 7.0 127 Structural BASALT; extremely soft to very soft (RO to R1)
B-2 1 1.25 21,815 Non-Structural BASALT; hard to very hard (R4 to R5)
1 2.25 24,575 Non-Structural BASALT; hard to very hard (R4 to R5)
B-3 1 1.0 31,953 Non-Structural BASALT; hard to very hard (R4 to R5)
2 5.0 11,569 Non-Structural BASALT; hard to very hard (R4 to R5)
3 8.0 1,044 Structural BASALT; soft to medium hard (R2 to R3)



Table 1A
GUIDELINES FOR CLASSIFICATION OF ROCK

RELATIVE ROCK WEATHERING SCALE:

Term Field Identification
Fresh Crystals are bright. Discontinuities may show some minor surface staining. No discoloration in rock fabric.
Slightly Rock mass is generally fresh. Discontinuities are stained and may contain clay. Some discoloration in rock
Weathered fabtic. Decomposition extends up to 1 in. into rock.
Moderately Rack mass is decomposed 50% or less. Significant portions of rock show discoloration and weathering effects.
Weathered Crystals are dull and show visible chemical alteration. Discontinuities are stained and may contain secondary

mineral deposits.

Predominantly ~ Rock mass is more than 50% decomposed. Rock can be excavated with geologist's pick. All discontinuities
Decomposed exhibit secondary mineralization. Complete discoloration of rock fabric. Surface of core is friable and usually
pitted due to washing out of highly altered minerals by drilling water.

Decomposed Rock mass is completely decomposed. Original rack “fabric” may be evident. May be reduced to soil with
hand pressure.

RELATIVE ROCK HARDNESS SCALE:

Hardness Approximate Unconfined
Term Designation Field Identification Compressive Strength
Extremely RO Can be indented with difficulty by thumbnail. May be < 100 psi
Soft moldable or friable with finger pressure.
Very R1 Crumbles under firm blows with point of a geology pick. 100 - 1,000 psi
Soft Can be peeled by a pocket knife and scratched with
fingernail.
Soft R2 Can be peeled by a pocket knife with difficulty. Cannot 1,000 - 4,000 psi
be scratched with fingernail. Shallow indentation made
by firn blow of geology pick.
Medium R3 Can be scratched by knife or pick. Specimen can be 4,000 - 8,000 psi
Hard fractured with a single firm blow of hammer/geology pick.
Hard R4 Can be scratched with knife or pick only with difficulty. 8,000 - 16,000 psi
Several hard hammer blows required to fracture
specimen.
Very R5 Cannot be scratched by knife or sharp pick. Specimen > 16,000 psi
Hard requires many blows of hammer to fracture or chip.

Hammer rebounds after impact.

RQD AND ROCK QUALITY:
Relation of RQD and Rock Quality Terminology for Planar Surface
RQD (Rock Description of

Quality Designation), % Rock Quality Bedding Joints and Fractures Spacing

0-25 Very Poor Laminated Very Close < 2in.
25-50 Poor Thin Close 2in.—-12in.
50-75 Fair Medium Moderately Close 12in. - 36 in.
75-90 Good Thick Wide 36in.—-10ft

90-100 Excellent Massive Very Wide > 101t
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Rock Core Photographs
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APPENDIX B

Unconfined Compressive Strength Testing
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Earth Mechanics Institute

Unconfined Compressive

Mining Engineering Department, CSM
Strength _____

— — - =
Client ;: GRI
Project : 5262
Location : N/A
Rock Type : Weathered
Rock Name : N/A
Characteristles : N/A e ey
=
Core ID : B-1@2.5
File Name : B-1@2.5_UCS
Test Performed by : EAS Client: GRI
Date Tested : 11/16/11 ’)”‘%/t'(‘l- 5202
Data Reduced by : EAS Date: 117162011
Date Reduced : 11/28/11 i
Core 11, B-vw 2.5
Core Length Diameter L/D Fallure Load | Failure Stress UcCs 2:1
Failure Mode
in cm in cm Ratio lbs psi psi MPa
4,006 10.18 2,090 5.31 1.92 759 221 222 15 Non-Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec m/sec ksi GPa v ksi GPa v b/t glcm]
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 109 1.75
500
400
300
]
L=
n
s
=
[}
200
100
[
0 50 100 150 200 250 300
Time (sec)

Earth Mechanics Institute, CSM

11/28/2011




Earth Mechanics Institute
Mining Engineering Department, CSM

Unconfined Compressive Strength

Client : GRI
Project : 5262
Location : N/A
Rock Type : Weathered
Rock Name : N/A
Characterlstics : N/A
Core ID : B-1@7.0
File Name ; B-1@7.0_UCS
Test Performed by : HH Client: GRI
Date Tested : 11/16/11 Project: 5262
Data Reduced by : EAS '

Dares 1171672011
Date Reduced : 11/18/11 S an
Core 11 B-lia 7.0

..

Core Length Dlameter L/D Failure Load | Failure Stress UCs 2:1
Failure Mode
In cm in cm Ratio Ibs psi psi MPa
4.128 10.49 2.062 5.24 2.00 420 126 127 09 Structural
P-wave S-wave Dynamic E Dynamic Static E Static Density, p
ft/sec m/sec ft/sec misec ksi GPa v ksl GPa v Ib/tt® glcm’
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 104 1.67
1l
500
400
300
‘D
=
0
s
s
7]
200
100
0
0 30 80 20 120
Time (sec)

Earth Mechanics Institute, CSM 11/28/2011




Earth Mechanics Institute
Mining Engineering Department, CSM

Unconfined Compressive Strength

Cllent : GRI
Project : 5262
Location : N/A
Rock Type : Igneous
Rock Name : N/A
Characterlstics : N/A
Core ID ;: B-2@1.25
File Name : B-2@1.25_UCS
Test Performed by : EAS
Date Tested : 11/16/11
Data Reduced by : EAS
Date Reduced ; 11/18/11

Cliems: GRI
Project. 5262
Date: 1171672011

Core 117, B-2a 1,25

. ) A ee——

Core Length Diameter LD Fallure Load | Failure Stress UCS 2:1
Failure Mode
in cm in cm Ratio 1bs psi psi MPa
4.029 10.23 2.048 520 1.97 71,350 21,659 21,815 1504 Non-Structural
P-wave S-wave Dynamic E Dynamle Static E Static Density, p
ft/sec m/sec ftisec m/sec ksi GPa v ksl GPa v b/t g/em’
N/A N/A NA N/A N/A NA N/A N/A N/A N/A 159 255

25000

20000

15000
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»
]
@
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w

10000

5000

0

0 120 240 380 480 800
Time (sec)

Earth Mechanics Institute, CSM 11/28/2011



Earth Mechanics Institute
Mining Engineering Department, CSM

Unconfined Compressive Strength

Client : GRI
Project : 5262
Locatlon : N/A
Rock Type : Igneous

Rock Name : N/A
Characterlisties : N/A

Core ID : B-2@2.25

Flle Name : B-2@2.25_UCS

Test Performed by : EAS Client: GRI
Date Tested : 11/16/11 Project 5262
Data Reduced by : EAS ' Date: 1171612011
Date Reduced : 11/18/11 Ceore 11): B2 2.25
Core Length Diameter L/D Failure Load | Failure Stress UcCs 2:1
Failure Mode
in cm in cm Ratlo Ibs pst psi MPa
3.991 10.14 2,048 5.20 1.95 80,421 24,425 24,575 169.4 Non-Structural
P-wave S-wave Dynamic E Dynamic Statlc E Static Denslty, p
fusee |  misee ftisec misee kst GPa v Kl GPa v it gem’®
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 163 261
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Earth Mechanics Institute, CSM 11/28/2011




Earth Mechanics Institute
Mining Engineering Department, CSM
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10 INTRODUCTION

GeoDesign, Inc. is pleased to submit this geotechnical data report for the proposed RIPS on the
Clackamas River. The proposed structure is located upstream of the existing intake structure,
near the north bank of the Clackamas River, approximately 0.8 mile from the confluence with the
Willamette River (Figure 1). Preliminary plans show an approximately 82-foot-high intake
structure with a foundation footprint of approximately 30.5 feet by 45 feet (Figure 2). Preliminary
plans show the proposed intake structure located approximately 10 feet east of the existing
intake structure. The base of the proposed intake will be located in the Clackamas River at an
elevation of 4.0 feet below MSL. The proposed intake structure will be accessed at the top of the
slope by a bridge. The bridge will support foot and vehicle traffic as well as the raw water
pipeline.

In addition, GeoDesign performed subsurface investigations at locations downstream of the
intake structure. The purpose for this exploration was to collect information that can be used to
evaluate the erosion potential of the downstream gravel bar. Erosion of the gravel bar would
potentially result in lower elevation in the river around the intake structure.

2.0 PURPOSE AND SCOPE

The purpose of our services was to explore subsurface conditions at the site and develop a
geotechnical engineering data report for the desigh team of the intake structure. Specifically, we
performed the following tasks:

« Reviewed readily available geologic and geotechnical data relevant to the site.
o Coordinated and managed the field investigation, including utility locates, right-of-way
permits, and scheduling of contractors and GeoDesign’s staff.
e Performed the following explorations in the river and on the riverbank:
« Drilled three borings in the proposed footprint of the RIPS to depths ranging between
31.5 and 42 feet BGS
« Drilled two borings at the gravel bar on the north bank of the Clackamas River,
downstream of the intake structure, to depths ranging between 13 and 15 feet BGS
«» Drilled one boring at the gravel bar on the south hank of the Clackamas River,
downstream of the intake structure, to a depth of 42 feet BGS
» Drilled one boring at the rock outcropping upstream of the existing pump station to a
depth of 15.5 feet BGS
« Drilled one boring to a depth determined by GeoDesign sufficient for a slope stability
analysis
« Obtained undisturbed and disturbed soil samples for laboratory testing.
o Maintained a log of subsurface conditions observed in the exploratory borings.
s Completed a laboratory testing program on selected soil samples collected from the
explorations. Specifically, we completed the following tests:
«  Moisture content determinations on 14 samples in general accordance with ASTM D 2216
+  Five fines determinations and one gradation in general accordance with ASTM D 1140
and ASTM D 422
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= Two Atterberg limits determinations in general accordance with ASTM D 4318
= Ten unconfined compression tests in general accordance with ASTM D 7012

« Mapped the rock outcropping on the riverbank adjacent to the intake structure and created a
profile of the slope.

s Prepared this geotechnical data report detailing our findings.

30 SITE CONDITIONS

3.1 SURFACE CONDITIONS

The proposed structure is located upstream of the existing intake structure near the north bank
of the Clackamas River, approximately 0.9 mile from the confluence with the Willamette River, in
Gladstone, Oregon. The location of the proposed intake structure is at the base of an
approximately 3H:4V slope on basalt that is exposed in the riverbed. A paved parking area is
located at the top of the bank (elevation of 55 feet above MSL), and the face of the slope is heavily
vegetated with blackberries, ivy, and large deciduous trees growing out of the face of the slope.
Basalt bedrock is exposed at an approximate elevation of 15 feet above MSL. The basalt slopes
downward to the southwest at an approximate 2H:1V slope. The elevation of the rock at the
proposed southwest corner of the intake structure is approximately 3 feet above MSL. The basait
bedrock in the northern approximate half of the proposed intake structure was exposed during
our field explorations in August 2010 but is seasonally underwater.

A gravel bar is lacated in the river 40 feet down river, and most of the proposed intake structure
is between the Clackamas River and the base of the riverbank. Gravel, cobbles, and boulders
were observed at the surface, and basalt bedrock was exposed in locations along the southern
edge of the gravel bar. The gravel bar was vegetated with willow trees and grass at the time of
our exploration. The riverbank slopes steeply down to the river, and we understand the top of
the riverbank had been re-graded in the vicinity of boring CR-6 to improve slope stability.

3.2 REGIONAL GEOLOGY AND FAULTING

The site is located at the southwestern margin of the Portland Basin physiographic province. The
Portland Basin is bound by the Tualatin Mountains to the west and south and the Cascade Range
to the east and north. The Portland Basin is described as a fault-bounded, pull-apart basin that
was formed by two northwest trending fault zones (Pratt, et al., 2001). The Portland Hills Fault
Zone trends along the west side of the basin and the Frontal Fault Zone trends along the east
side of the basin near Lacamas Lake, east of Vancouver, Washington. The Portland Basin is
underlain by volcanic bedrock and contains a thick sequence of sedimentary deposits that lap
onto the uplifted bedrock highlands at the basin margins.

The bedrock unit underlying the project area is a sequence of basalt flows belonging to the
Miocene age (20 million to 10 million years before present) CRBG. The CRBG is a widespread
series of flood basalt flows that originated from southeastern Washington and northeastern
Oregon and flowed westward down the ancient Columbia River Valley. The basalt flows generally
followed and filled pre-existing topographic lowlands in western Oregon. Basalt thicknesses can
range from tens of feet to several hundred feet.
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Faulting and folding were contemporaneous with deposition of the CRBG flows, and this
structural deformation continued into the Quaternary (2.6 million years to present). The CRBG
mapped along the southern boundary of the Portland Basin shows an extensive history of
faulting and tectonic displacement (Burns, et. al, 1997; Ma, et. al, 2009). A majority of the
mapped faults in the project area show no documented evidence of displacement during the
Quaternary and are considered to be inactive (Burns, et. al, 1997; Personius, S.F., 2002).

However, several of the faults in the area have evidence of displacement during the Pliocene to
Pleistocene (5.3 million years to 10,000 years), and down-drop along these faults created
lowlands now identified as the Portland Basin. As the floor of these basins down-dropped, they
were filled with a thick sequence of alluvial and fluvial sediments. A coarse-grained facies of the
Troutdale Formation consisting of a sequence of alluvial gravel, sand, and silt was deposited in
the central part of the Portland Basin. A significant portion of the sand and gravel component of
this facies was derived from sediment sources located in eastern Washington and Idaho and
transported to the Portland Basin by the proto-Columbia River.

The Springwater Formation is a sequence of Pliocene to Pleistocene alluvial gravel, sand, and silt
deposited in the eastern part of the Portland Basin. The Springwater Formation is similar in age
and consolidation history to the Troutdale Formation; however, the Springwater Formation was
deposited in major river drainages that originated in the Cascade Mountains and foothills.

Hence, a significant portion of the sand and gravel component of this formation contains volcanic
rock of the Cascade Mountains, which distinguishes it from the Troutdale Formation. Geologic
mapping by Madin (1990) indicates the presence of Troutdale Formation in the site vicinity, while
mapping by Ma (Ma, et al. 2009) indicates the unit belongs to the Springwater Formation. For the
purposes of this report we have referred to the unit by the original classification as the Troutdale
Formation.

During the late Pleistocene (15,500 to 13,000 years before present), a sequence of catastrophic
floods inundated the Portland Basin. These floods originated from repeated collapses of a
glacially dammed lake in western Montana, and water from these outbursts flowed down the
Columbia River into the Portland Basin. These series of outburst floods are termed the Missoula
Floods, and the upper water surface during these events reached as high as 400 feet, inundating
much of the Portland Basin.

The Missoula Floods selectively eroded the pre-existing topography in the Portland Basin and
subsequently deposited sediments as the flood waters receded. A variety of individual
sedimentary facies are associated with the Missoula Floods, including coarse-grained deposits of
gravel and sand associated with floodways and tributary channels and a fine-grained facies
composed of silt and clay deposited in slack-water lakes.

3.3  RIPS GEOLOGY

The site of the proposed intake structure is located on the northern bank of the Clackamas River,
approximately 0.8 mile east of the confluence with the Willamette River. The area of the intake
structure is dominated by a prehistoric high river terrace that has been cut by the Clackamas
River to form a very steep bank that slopes down to a modern river-cut terrace. The
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river-cut bank has exposed volcanic bedrock at the river level that is overlain by sedimentary
deposits decreasing in relative age to the top of the bank.

The geologic profile located at the intake site consists of basalt flows of CRBG overlain by
laminated sandy silt and clay of the Pliocene to Pleistocene age. The unit is mapped as Troutdale
Formation by Madin (1990). The Troutdale Formation is overlain by interbedded sand and gravel
layers of the Missoula Flood deposits. The flood deposits are capped by fill material and
development features that include parking areas and roads.

The surface of the basalt at the base of the intake structure has been severely eroded by the river
and exhibits a distinctive columnar jointing pattern. Typically, the vertical joints are open at the
surface and filled with clay or hard, black secondary mineralization. A semi-continuous, healed
fracture within the basalt is located approximately 100 feet east of the existing intake structure
and trends roughly southwest to northeast. The mapped surface geologic units at the site and
the approximate healed fracture are shown on Figure 3.

3.4 FAULTS

There are no mapped late Quaternary age faults (faults within known movement in the last
16,000 years) within the RIPS site boundaries. The nearest mapped fault is an unnamed fault
mapped approximately 0.5 mile northeast of the proposed RIPS structure. There is no
documented evidence of displacement of the unnamed fault during the Quaternary period

(2.6 million years to present) and the fault is considered to be inactive (Burns, et. al, 1997). The
nearest Quaternary age fault is the Oatfield Fault mapped approximately 0.6 mile northeast of
the site (Burns, et. al, 1997; Personius, S.F., 2002). Exposure from a light rail tunnel excavation
indicates that the QOatfield Fault offsets approximately 1 million year old Boring Lava. There is no
evidence that the Qatfield Fault offsets Missoula Flood deposits.

3.5 SUBSURFACE CONDITIONS

We explored subsurface conditions at the site by drilling eight borings (CR-1 through CR-8) to
depths ranging between 13 and 65 feet BGS. The approximate locations of the borings are
shown on Figure 2. Descriptions of the field explorations, laboratory procedures, and logs of the
explorations and laboratory testing results are provided in Appendix A. A description and results
of unconfined compression strength testing performed by others are pravided In Appendix B.

Subsurface conditions consist of fill, loose sand, dense gravel and cobbles, alluvium, and hard silt
overlying bedrock. The following sections provide a more detailed description of subsurface
conditions observed in the borings.

3.5.1 Fill

Three inches of asphalt underlain by 6 inches aggregate base was encountered in boring CR-8,
located in the parking lot north of the intake structure. The pavement section is underlain by
medium stiff clay to a depth of 4.5 feet BGS at the location of our exploration. Gravel and cobble
fill soils were also encountered in CR-6 to a depth of 5 feet BGS. Laboratory testing performed on
the samples of the clay fill indicate that the natural moisture content varied between
approximately 21 and 23 percent at the time of our exploration. Laboratory testing performed
on a sample of the clay fill indicates the clay fill had low to medium plasticity.
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3.5.2 Silt, Sand, Gravel, and Cobble Alluvium

Alluvium was encountered at the slopes on the north and south riverbanks in borings CR-6 and
CR-8. Alluvium was also encountered in borings CR-4 and CR-5 located on the gravel bar on the
north side of the river. The alluvium consists primarily of gravel and cobbles with varying
amounts of silt and sand. Boulders were encountered in the gravel and cobble matrix.

Interbedded layers of very loose to medium dense sand were encountered between gravel and
cobble deposits in borings CR-4 and CR-8. The sand deposits encountered in CR-4 and CR-8 are
1.5 and 5.5 feet thick, respectively. Medium stiff to very stiff silt layers up to 5 feet thick were
also encountered between sand and gravel layers in borings CR-6 and CR-8.

3.5.3 Fine-Grained Troutdale Formation

Silt was encountered between approximately 28 and 48 feet BGS (elevation of 27.8 to 48 feet
above MSL). SPT blow count data indicated that the consistency of the silt is very stiff to hard.
This unit was interpreted to be fine-grained Troutdale Formation soils. The silt has varying
amounts of sand, and particle size analyses of the silt indicated the soil has between 92 and
57 percent fines. Laboratory testing indicates that the fine-grained soils have medium to high
plasticity. The natural moisture content of the silt varied between approximately 35 and

51 percent at the time of our exploration.

3.5.4 Basalt

Basalt bedrock interpreted to belong to basalt flows of the Miocene age (20 million to 10 million
years before present) CRBG were encountered in borings CR-1, CR-2, CR-3, CR-4, CR-7, and CR-8.
The rock hardness rating of the basalt ranges from extremely soft (R0) to very hard (R5) and is
related to the degree of weathering, discontinuities (fractures and joints), and vesicular content.
The vesicular content of the basalt ranges from less than 5 percent to 40 percent based on visual
estimates. Weathering of the rock mass occurred along discontinuities that included fractures
and joints. The basalt generally ranges from intensely to slightly fractured with smooth planar
joints that have secondary mineralization and clay infilling at the joints.

The degree of weathering ranges from decomposed to fresh. Weathering is commonly associated
with the age of the rock unit and exposure to weathering agents, such as water. Extremely soft
(RO) to soft (R2) basalt was encountered in the upper 8 to 10 feet of borings CR-1, CR-2, and CR-7
drilled within the footprint of the proposed intake structure. In our opinion, the deep weathering
profile is the result of erosion and seasonal contact with water from the Clackamas River. An
approximately 10-foot-thick zone of medium hard (R3) to very hard (R5) basalt was encountered
beneath the upper weathered zone. A second approximately 6- to 10-foot-thick zone of intensely
weathered basalt was encountered between depths of approximately 18 and 20 feet BGS. The
second zone of weathered basalt was typically underlain by medium hard (R3) to hard (R4) basalt
to the maximum depths explored in CR-1, CR-2, and CR-7.

Extremely soft (RO) to soft (R2) basalt with up to 2 feet of joint infilling was encountered CR-3.
GeoDesign interprets boring CR-3 to be drilled through a joint in the columnar basalt formation.
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3.5.5 Groundwater

The river level was within 1 foot of the ground surface elevation of boring CR-2 (elevation of
9.9 feet above MSL) at the time of exploration in August 2010. A review of aerial photographs
and site visits performed in the winter of 2009/2010 indicate that the ground surface at the
location of CR-1, CR-2, and CR-7 are seasonally underwater. Artesian pressures were observed
during drilling of borings CR-1 and CR-2 with moderate to rapid groundwater seepage at the
ground surface. The artesian pressures were observed while at depths between 27 and 40 feet
BGS.

3.6  EXISTING SLOPE PROFILE

GeoDesign mapped the basalt outcropping in the vicinity of the proposed intake structure.
Exposed basalt was typically observed from an elevation of 10 feet to approximately 12 to 15 feet
above MSL. A map showing the area of exposed basalt and other geologic units is shown on
Figure 3. The geologic units along the face of the slope were observed along Section A-A" on
Figure 3 by repelling from the top of the slope and removing vegetation to abserve and sample
the soil of the slope face.

The basalt was overlain by the fine-grained Troutdale Formation between elevations of 12 and

38 feet above MSL. The Troutdale Formation is overlain by alluvial sand, gravel, and fill to the top
of the bank at an elevation of approximately 56 feet above MSL at the top of the bank. The
riverbank shows evidence of several landslides in the form of distinct steep concave upper slopes
with disturbed soil lobe deposits at the toe of the slope. The landslide material appears to have
originated near the top of the slope within the interbedded sand and gravel layers of the Missoula
Flood deposits and slumped down to the toe. We observed abundant groundwater seepage
located mid-slope near the contact between the Troutdale Formation and the overlying Missoula
Flood deposits that likely acts to de-stabilize the steep face of the riverbank. The slump features
have been subsequently modified by river erosion during seasonal high stands.

A slope profile based on the soils encountered in a boring at the top of the slope (CR-8) and the
mapped geologic units at the slope face are presented on Figure 4. Because of limitations in the
survey data along the steeper sections of the slope, the slope contours in our profile were
approximate based on mapping that occurred as GeoDesign went down the face of the slope.

4.0 LIMITATIONS

We have prepared this data report for use by Brown and Caldwell, the City of Lake Oswego, and
members of their design and construction teams for the proposed project. The data and report
can be used for bidding or estimating purposes, but our report, conclusions, and interpretations
should not be construed as warranty of the subsurface conditions and are not applicable to other
sites.

Exploration observations indicate soil conditions only at specific locations and only to the depths
penetrated. They do not necessarily reflect soil strata or water level variations that may exist
between exploration locations. If subsurface conditions differing from those described are noted
during the course of excavation and construction, re-evaluation will be necessary. The scope of

[@TIDESIGN: 6 BrownCald-49-03:030711



our services does not include services related to construction safety precautions, and our
recommendations are not intended to direct the contractor's methods, technigues, sequences, or
procedures.

Within the limitations of scope, schedule, and budget, our services have been executed in
accordance with generally accepted practices in this area at the time the report was prepared. No
warranty, express or implied, should be understood.

L 2K 2N 4

We appreciate the opportunity to be of continued service to you. Please call if you have questions
concerning this report or if we can provide additional services.

Sincerely,
GeoDesign, Inc.

Elliott C. Mecham, P.E.
Project Engineer

rett A. Shipton, P.E.,, G.E.
Principal Engineer

EXPIRES: € * S0 22/ 2
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APPENDIX A
FIELD EXPLORATIONS

GENERAL

We explored subsurface conditions at the site by drilling eight borings (CR-1 through CR-8).
Borings CR-1 through CR-7 were drilled to depths varying between approximately 13 and 42 feet
BGS between July 20 and August 18, 2010. Borings CR-1 through CR-7 were drilled by PLI
Systems of Hillsboro, Oregon, using hollow-stem auger drilling methods and HQ and NQ wire line
coring techniques. Boring CR-8 was drilled to a depth of 65 feet BGS using mud-rotary methods
by Western States Drilling of Aurora, Oregon. The approximately boring locations are shown on
Figure 2. The boring locations of the explorations were surveyed in the field by Westlake
Consultants.

SOIL AND ROCK SAMPLING

A member of our geological staff observed the explorations. We obtained disturbed soil samples
and rock cores from the explorations for geotechnical laboratory testing. Classification and
sampling intervals are shown in the exploration logs included in this appendix.

Soil samples were obtained from the borings using one of the following methods:

o SPTs were performed in sandy soils in general conformance with ASTM D 1586. The sampler
was driven with a 140-pound hammer frae-falling 30 inches. The number of blows required
to drive the sampler 1 foot, or as otherwise indicated, into the soils is shown adjacent to the
sample symbols on the exploration logs. Disturbed sand samples were obtained from the
split barrel for subsequent classification and index testing.

« A Dames & Moore Type-U sampler was also used to collect samples. The sampler was driven
using a 140-pound hammer falling 30 inches, just as with the SPT samples, and the
penetration resistance was recorded for general correlation with previous subsurface
information. Samples retained from the split barrel consist of up to six 1-inch-high by 2.48-
inch-diameter brass rings.

An automatic trip hammer was used to drive the samples in boring CR-8; a cat head was used to
lift the hammer in borings CR-1 through CR-7.

ROCK CORING

Rock was cored continuously using NQ and HQ wire line rock coring methods in general
accordance with ASTM D 2113-99. The percentage of the core recovered and RQD are noted on
the exploration logs. RQD is determined by summing the length of intact pieces of core longer
than 4 inches and dividing by the length of the core advance.

SOIL AND ROCK CLASSIFICATION

The soil and rock samples were classified in the field in accordance with the “Exploration Key”
(Table A-1), “Soil Classification System” (Table A-2), and “Rock Classification System” (Table A-3),
which are included in this appendix. The exploration logs indicate the depths at which the soil
and rock characteristics change, although the change actually could be gradual. If the change

([@FADESIGN: Al BrownCald-49-03:030711



occurred between sample locations, the depth was interpreted. Classifications and sampling
intervals are presented on the exploration logs included in this appendix. Photographs of the
rock cores are also included in this appendix.

LABORATORY TESTING

CLASSIFICATION

The soil samples were classified in the laboratory to confirm field classifications. The laboratory
classifications are presented on the exploration logs if those classifications differed from the field
classifications.

MOISTURE CONTENT

We determined the natural moisture content of selected soil samples in general accordance with
ASTM D 2216. The natural moisture content is a ratio of the weight of the water to dry soil in a
test sample and is expressed as a percentage. The moisture content of samples tested are
presented on the exploration logs included in this appendix.

ATTERBERG LIMITS

The plastic limit and liquid limit (Atterberg limits) of a selected soil sample was determined in
accordance with ASTM D 4318. Atterberg limits include liquid limit, plastic limit, and plasticity
index of soils. The index properties are used to classify soils and for correlation with other
engineering properties of soils. The results of the tests are presented on Figure A-9 and on the
boring logs.

PARTICLE SIZE ANALYSIS

Particle size analyses was performed selected samples in general accordance with ASTM D 1140
and ASTM D 422. These tests are a quantitative determination of the soil particle size
distribution expressed as a percentage of soil weight. The test results are presented on

Figure A-10.

We also completed particle size analyses on selected samples in general accordance with

ASTM D 1140. This test determines of the amount of material finer than a 75-um (No. 200) sieve
expressed as a percentage of the dry weight of soil. The test results are presented on the
exploration logs in this appendix and on the |laboratory summary on Figure A-11.

[@TSDESIGNE A2 BrownCald-49-03:030711



SYMEBOL

SAMPLING DESCRIPTION

-
e

I
E
I

I

\ 4

Location of sample obtained in general accordance with ASTM D 1586 Standard Penetration Test

with recovery

Location of sample obtained using thin-wall Shelby tube or Geoprobe® sampler in general
accordance with ASTM D 1587 with recovery

Location of sample obtained using Dames & Moore sampler and 300-pound hammer or pushed

with recovery

Location of sample obtained using Dames & Moore or 3-inch-O.D. split-spoon sampler and 140-
pound hammer or pushed with recovery

Location of grab sample

Rock coring interval

Water level during drilling

Water level taken on date shown

Y]

Graphic Log of Soil and Rock Types

$ ity Observed contact
R between soil or rock units
o (at depth indicated)

Inferred contact between
soil or rock units

(at approximate depths
indicated)

GEOTECHNICAL TESTING EXPLANATIONS

ATT Atterberg Limits P Pushed Sample
CBR Califarnia Bearing Ratio PP Pocket Penetrometer
CON Consolidation P200 ;’grcent Passing U.S. Standard No. 200
ieve
bD Dry Density
RES Resilient Modulus
DS Direct Shear
SIEV Sieve Gradation
HYD Hydrometer Gradation
TOR Torvane
MC Moisture Content
uc Unconfined Compressive Strength
MD Moisture-Density Relationship
VS Vane Shear
oC Organic Content
kPa Kilopascal
ENVIRONMENTAL TESTING EXPLANATIONS
CA Sample Submitted for Chemical Analysis ND Not Detected
P Pushed Sample NS No Visible Sheen
PID Photoionization Detector Headspace SS Slight Sheen
Analysis
. MS Moderate Sheen
ppm Parts per Million
HS Heavy Sheen

[T DEsIGNe

15575 SW Sequoia Parlway - Suite 100
Partland OR 57224
OIf 5D3.968.8787 Fax 503.968,3068

EXPLORATION KEY

TABLE A-1




RELATIVE DENSITY - COARSE-GRAINED SOILS

. . m
Relave Dersty | Standard Pentration | Dames & Moore Sampler | Darmes & MaoreSampler
Very Loose 0-4 0-11 0-4
Loose 4-10 11-26 4-10
Medium Dense 10 - 30 26-74 10-30
Dense 30-50 74-120 30-47
Very Dense More than 50 Mare than 120 Mare than 47

CONSISTENCY - FINE-GRAINED SOILS

Consistenc Standard Penetration | Dames & Moore Sampler | Dames & Moore Sampler | Unconfined Compressive
y Resistance (140-pound hammer) (300-pound hammer) Strength (tsf)
Very Soft Less than 2 Less than 3 Less than 2 Less than 0.25
Soft 2-4 3-6 2-5 0.25-0.50
Medium Stiff 4-8 6-12 5-9 0.50-1.0
Stiff 8-15 12 -25 9-19 1.0-2.0
Very Stiff 15-30 25-65 19 - 31 2.0-4.0
Hard More than 30 More than 65 More than 31 More than 4.0
PRIMARY SOIL DIVISIONS GROUP SYMBOL GROUP NAME
CLEAN GRAVELS
GRAVEL (< 5% fines) GWor GP GRAVEL
(more than 50% of GRAVEL WITH FINES GW-GM or GP-GM GRAVEL with silt
coarse fraction (> 5% and < 12% fines) | GW-GC or GP-GC GRAVEL with clay
. i L
COARSE-GRAINED | retained on GRAVELS WITH FINES - siity GRAVE
SOILS No. 4 sieve) & 12% fines) GC : clayey GRAVEL
GC-GM silty, clayey GRAVEL
(more than 50% CLEAN SANDS
N?‘gg‘ggigce) SAND (<5% fines) S QRS SAND
’ — SANDS WITH FINES SW-SM or SP-SM SAND with silt
coarse fraction (= 5% and < 12% fines) SW-SC or SP-SC SAND with clay
passing SM silty SAND
; SANDS WITH FINES
No. 4 sieve) & 12% fines) SC : clayey SAND
SC-SM silty, clayey SAND
ML SILT
FINE-GRAINED CL CLAY
Liguid limit less th
SOILS iguid limit less than 50 CLML silty CLAY
(50% or more SILT AND CLAY OL ORGANIC SILT or ORGANIC CLAY
i MH SILT
passing U
No. 200 sieve) L'q”";r','e’:t';rso or CH CLAY
OH ORGANIC SILT or ORGANIC CLAY
HIGHLY ORGANIC SOILS PT PEAT
'(‘:"&g’;lgl':;n oN ADDITIONAL CONSTITUENTS
Secondary granular components or other materials
Term Field Test such as organics, man-made debris, etc.
Silt and Clay In: Sand and Gravel In:
d very low moisture, Percent | fine-Grained Coarse- Percent |  Fine-Grained Coarse-
Y dry to touch Soils Grained Soils Soils Grained Soils
moist damp, without <5 trace trace <5 trace trace
visible moisture 5-12 minor with 5-15 minor minor
wet visible free water, >12 some silty/clayey 15-30 with with
usually saturated 2 G T S D AN > 30 sandy/gravelly | sandy/gravelly

[@TeDesione
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SOIL CLASSIFICATION SYSTEM

TABLE A-2




HARDNESS

DESCRIPTION

Extremely Soft (RO)
Very Soft (R1)
Soft (R2)
Medium Hard (R3)
Hard (R4)
Very Hard (R5)

Indented by thumbnail

Can be peeled by pocket knife or scratched with finger nail
Can be peeled by a pocket knife with difficulty

Can be scratched by knife or pick

Can be scratched with knife or pick only with difficulty
Cannot be scratched with knife or sharp pick

WEATHERING

DESCRIPTION

Decomposed

Predominantly Decomposed

Rock mass is completely decomposed
Rock mass is more than 50% decomposed

Moderately Weathered Rock mass is decomposed locally
Slightly Weathered Rock mass is generally fresh
Fresh No discoloration in rock fabric
JOINT SPACING DESCRIPTION
Very Close Less than 2 inches
Close 2 inches to 1 foot

Moderate Close

1 foot to 3 feet

Wide 3 feet to 10 feet
Very Wide Greater than 10 feet
FRACTURING FRACTURE SPACING

Very Intensely Fractured
Intensely Fractured
Moderately Fractured
Slightly Fractured
Very Slightly Fractured

Chips and fragments with a few scattered short core lengths

0.1 foot to 0.3 foot with scattered fragments intervals
0.3 foot to 1 foot with most lengths 0.6 foot

1 foot to 3 feet

Greater than 3 feet

No fractures

Unfractured

HEALING DESCRIPTION

Not Healed Discontinuity surface, fractured zone, sheared material or filling not re-cemented
Partly Healed Less than 50% of fractured or sheared material

Moderately Healed
Totally Healed

Greater than 50% of fractured or sheared material
All fragments bonded

GEO[B N[N

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503,968.8787 Fax 503.96B,3068

ROCK CLASSIFICATION SYSTEM

TABLE A-3




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.CDT

DRILLED BY: PLI Systems Inc.

LOGGED BY: JGH

z
g Oz 9| w| asowcount INSTALLAT'IE?J_NI_ AND
DEPTH | u MATERIAL DESCRIPTION 9| E Z| @ MOISTURE CONTENT % COMMENTS
FEET %: do( | | OIDRQD% 7] CORE REC%
(%]
00 [ ":Jo_g = 50 100
I1T)| Extremely soft (RO), orange-brown Water return: brown-arange
1/!1| BASALT; decomposed, jointed 20", 50", at 0.0 feet
. and 70°, moderately to intensely
TH‘ fractured, irregular, rough joint surfaces, —_—s T
with open joints oriented 20", 50°,a nd VI T TET VT
_TL|-|- 70 (Columbia River Basalt). g i
25— i
I 8 |
I1I][ Extremely soft to very soft (RO-R1), 3.0
1!{l]] orange-brown BASALT; decomposed,
{T{Ty] intensely fractured, oriented 30 - 50'.
Ny
I
5.0—
Hl becomes orange-gray; decomposed to UC = 395 psi
LI intensely weathered, moderately to
: : |ntefnsely fractured, |rregu|ar rough joint TOTR, -, “-,,/'-/3/”-
surfaces, open joints oriented 15, 357, oy ] I
'IJTL and 75° with clay infilling at 5.0 feet e RAASENESS
= |I |
7.5 _:_:_:l
i o |
I11{| Medium hard (R3), orange-gray BASALT; | 9¢
1 slightly to moderately weathered,
10.0—11Tj| intensely fractured, irregular, rough joint
T surfaces, oriented 10 20°, 50°, and 65 -
Tl 707, W|th clay, and moderately healed
B with secondary mineralization, vesicular s Bop o
TITL (<5%). TR T TR AV T T T A
“\TLrL becomes hard (R4), gray; fresh, T e S T AR
]l[l moderately fractured at 11.0 feet
M|
12.5—] [ | |
{Tih
' 22 | |
111} Hard to very hard (R4-RS), gray BASALT; | 135 UC = 37147 psi
1'{!| fresh, moderately to slightly fractured, '
{TiTy| rough joint surfaces, open, oriented 10" -
ITj] 207, 35", and 60" - 90", moderately
15.0 ] healed, with quartz and iron oxide,
unn vesicular (<5%).
AT ’j oo
Ill VT LIS
o
175 I
1)
L
| 87
I/T1| Extremely soft to soft (RO-R2), green- 19.5
20.0 e 50 100

COMPLETED: 08/08/10

BORING METHOD: NQ: rack coring (see report text)

BORING BIT DIAMETER: 2 1/2-inch

-DES IGNZ BROWNCALD-49-03

BORING CR-1

15575 SW Sequola Parkway Suite 100
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Off 503.968.87B7 Fax 503 968.3068 MARCH 2011
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PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

DEPTH
FEET

—20.0

GRAPHIC LOG

MATERIAL DESCRIPTION

A BLOW COUNT INSTALLATION AND

@ MOISTURE CONTENT % COMMENTS
IID rQD% CORE REC%

0 50 100

ELEVATION
DEPTH

TESTING

SAMPLE

22.5 —

dark gray BASALT; intensely weathered,
intensely fractured to sheared, irregular,
rough joint surfaces.

T, : z
VAl T LS |

25.0

Very soft to soft (R1-R2), green-gray
BASALT; intensely weathered, 10" - 207,
35°, and 65°, moderately to intensely
fractured, smooth to rough joint
surfaces, partly healed, open with
orange clay, oriented 10" - 20°, 357, and
65" - 90, vesicular (30%).

becomes extremely soft (R0); with red
clay infilled fractures at 25.0 feet
becomes soft (R2) at 26.0 feet

Water return: brown-red at
24.5 feet

i T 2 2
VAT T AV T T T

UC = 1,056 psi

Water return: gray at 27.0
feet

32.5

Medium hard to hard (R3-R4), gray
BASALT; fresh to slightly weathered,
slightly to moderately fractured, rough
joint surfaces, moderately healed, open
with quartz and white oxide filling,
oriented 0" - 20", 30°, and 70°.

40.0

Medium hard to hard (R3-R4), gray
BASALT:; fresh to slightly weathered,
slightly fractured, rough joint surfaces,
moderately healed, open with quartz and
iron oxide filling, oriented 30, 507, and
80", vesicular (40%).

fractures predominately oriented 15 -
70" at 38.0 feet

UC = 9,566 psi

[NEREAONREDERNENDNRARRGNUENDEEN ]

DRILLED BY: PLI Systems Inc.

100

LOGGED BY: JGH COMPLETED: 08/08/10

B80RING METHOD: NQ rock coring (see report text)

BORING BIT DIAMETER: 2 1/2-inch

DES IGNg BROWNCALD-49-03

15575 SW Sequaia Parkway - Sulte 100

Portland OR 97224
Off 503.968.8787 Fax 503.968.3068 MARCH 2011

BORING CR-1

(cantinued)

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR FIGURE A-1




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_.8.GP) GEODESIGN.GDT

2
3 Ox|u| u A BLOW COUNT INSTALLATION AND
- EElZ| 2 COMMENTS
DEPTH | v MATERIAL DESCRIFTION Q%[ = | &| @ MOISTURE CONTENT %

FEET | £ glala| 2

o o Y| < OI0rQD% CORE REC%

§ [vw) = wv

L 400 [} 50 100
I1T]| (continued from previous page) R e a e
1T i
A0

I|—|—! UC=14,917 psl

nn

T 1.2 .

- After drllling,
Exploration completed to a depth of Lo aut of hole to !ﬁl‘;ﬁé‘&‘:ﬂ"g
42.5 — 42.0 feet. surface at approximately 2
gallons/minute,
45,0 —
47.5 —
50.0 —
52.5 —
55.0 —
57.5—
60.0 50 : 100
DRILLED BY: PLI Systems Inc. LOGGED BY: JGH COMPLETED: 08/08/10

BORING METHOD: NQ rack caring (3ee report text)

BORING BIT DIAMETER: 2 1/2-inch

@S DEsIGN

BROWNCALD-49-03

BORING CR-1

(continued)

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.96B.3068

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-1




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.CP] GEODESIGN.GDT

| ||1 | Basalt).

oo, -
Vi AT AV T

I11]] Extremely soft (R0), brown-orange-gray
2.5 ilil \BASALT; decomposed.

R VAV iV i i Vil iV i i 4

CRER

/]

]

=z

5.0 —

\at 8.5 feet

Extremely soft (RO), gray-orange

1:.Ti| BASALT; decomposed, intensely
‘TLI'L fractured, rough joint surfaces, planar
| joints oriented 20" and 45°.

AT

T:TlL becomes very soft to soft (R1-R2),

T green-gray; intensely to moderately
75— T weathered, intensely fractured, open,
11|l with clay filling and slickensides,

L1l oriented 30" - 35" and 50" at 6.5 feet
/TIl becomes medium hard (R3), gray;

I11]] moderately weathered, moderately to
intensely fractured at 7.5 feet
becomes medium hard to hard (R3-R4)

T T T
LLiPT7TTTZTIT7TIIZZ

Vil T TT LTV T T L TTTL

R

BASALT; slightly weathered, moderately
fractured, rough joint surfaces, open,
\oriented 50" and 60" - 70".

IRERARSANENNRNERARNNNRN] :
/._ LLLSS /////_/'/._/

=]

12.5

15.0—||i|

_lJTL
inn
10.0 _TL_IJT]_TL Medium hard to hard (R3-R4), gray

il
||][
i
0l
[
il

o
_IJ.I.L

Hard to very hard (R4-RS), gray BASALT,;
fresh to slightly weathered, slightly
fractured, smooth to rough joint
surfaces, open with clay secondary
mineral filling and slickensides, oriented
30" and 60" - 70°.

T becomes intensely fractured at 15.0 feet
L]

e

|T|] BASALT; moderately to intensely
weathered, intensely fractured, rough
| joint surfaces, open with clay and
17.5—11.7/T\ secondary mineral filling, oriented 0" -
{7 \20" and 75 - 90

|
[
l1| Soft to medium hard (R2-R3), gray
I
|

o
o

TI 777777 7777777777

&
I

~
n

7] Very soft (R1), green-gray BASALT;
'IJTL intensely weathered, moderately to

!1| intensely fractured, smooth to rough
L I} joint surfaces, open with clay filling,
! oriented 15" and 60" - 70°, vesicular

.

Z
3 Szl g| w| asowcon INSTAUSATIONFAND
DEPTH N MATERIAL DESCRIPTION E &l E . ® MOISTURE CONTENT %
FEET | = Lol 1| £ | 0D reow CORE REC%
§ i | wv
L 0.0 = 9.9 0 50 100
I1] Extremely soft (RQ), brown-orange-gray Water return: brown-orange
[I{!|| BASALT; decompased (Columbia River at 0.0 feet

Stop Run 2 to contaln cuttings
at 2.5 feet.

Water return: gray at 3.0 feet

UC = 45131 psl

20.0 —LL

DRILLED BY: PLI Systems Inc.

0 50 100

LOGGED BY: JGH COMPLETED: 08/05/10

BORING METHOD: NQ rack coring (see report text)

BORING BIT DIAMETER: 2 1/2-inch

[@XODEsIGN:
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BORING CR-2

MARCH 2011
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GLADSTONE, OR

FIGURE A-2




PRINT DATE: 3/7/31:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

DEPTH
FEET

——20.0

GRAPHIC LOG

MATERIAL DESCRIPTION

A BLOW COUNT
@ MOISTURE CONTENT %
[ rQD% CORE REC%

50 1

DEPTH
TESTING

ELEVATION
SAMPLE

INSTALLATION AND
COMMENTS

(20%).
becomes red-gray at 19.0 feet
(continued from previous page)

becomes extremely soft (R0), dark gray;
very intensely fractured to sheared at
21.5 feet

Pl T i AT AT AV AT

27.5

Very soft (R1), green-gray BASALT,;
intensely weathered, moderately to
intensely fractured, irregular, rough joint
surfaces, open, with clay filling, oriented
15" and 60" - 70", vesicular (20%).
becomes very soft to soft (R1-R2), gray
to dark gray; partly healed at 23.5 feet

V- TTITIE VT FTTETA

30.0 —

EEEEH

-1

i

Medium hard (R3), gray BASALT, slightly
to moderately weathered, moderately to
intensely fractured, partly healed, rough
joint surfaces, open, with quartz and
secondary mineralization, oriented 60" -
90, vesicular (20 - 30%).

Water flowing out of hole at
surface after corlng to 27.0

feet.

g////f/'/

£

32.5 —

EEEEEEEEEEEREEE

Medium hard to hard (R3-R4), gray
BASALT,; fresh, moderately fractured,
rough joint surfaces, partly healed,
open, with quartz, clay, and secondary
mineralization, oriented 0" - 20" and 75" -
90°, vesicular (20 to 30%).

No HCL reaction

Driller Comment:
approximately 2 to 3 inches
rapld fall durlng last 2.5 feet,
coring "open joints'?

ucC=11,898 psi

N
i~

F— |

37.5i==

Nl

40.0

SSE

Medium hard to hard (R3-R4), gray
BASALT,; fresh, moderately fractured,
smooth to rough joint surfaces,
moderately healed, open with clay and
secondary mineralization, oriented 10,
65" to 90°".

w
A
o

VTS TLTIVTTTT TS|

DRILLED BY: PLI Systems Inc.

0 50

LOGGED BY: JGH

100

COMPLETED: 08/05/10

BORING METHOD: NQ rock caring (see report text)

BORING BIT DIAMETER: 2 1/2-

inch

BROWNCALD-49-03

@TDEsIGN:

BORING CR-2

{continued)

15575 SW Sequoia Parkway - Suite 100
Portland QR 97224
Off 503.968.8787 Fax 503.968.3068

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

CLADSTONE, OR

FIGURE A-2




PRINT DATE: 3/7/11:XT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

DRILLED BY: PLI Systems Inc.

LOGGED BY: JGH

2
g EE Q| w| ABLOWCOUNT lNSTééhAJég%ANo
DFEEPETTH 2 MATERIAL DESCRIPTION S& £| Z| @ MOISTURE CONTENT %
% Lol Y| <| 010 reox% CORE REC%
-4 | = [%2]
—40.0 ) — 50 100
' Exploration completed to a depth of 300 " )
1 | 40-0feet P b
approximately 5
68 gallons/minute.
42,5 —
45,0 —
47.5 —
50.0 —|
52.5 —
55.0 —;
57.5 —
600 50 - 100

COMPLETED: 08/05/10

BORING METHQOD: NQ rock coring (see report text}

BORING BIT DIAMETER: 2 1/2-inch

@ DesIGN:

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.96B.3068

BROWNCALD-49-Q3

BORING CR-2

(continued)

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
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PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-498-03-CR1_8.GP) GEODESIGN.GDT

2|
3 ,C:)':l_: Q| | A& BLOWCOUNT lNSTéékAAh)I-IIEﬁ'NrSAND
DEPTH | v <= | E{ ®MOISTURE CONTENT %
T MATERIAL DESCRIPTI L =
FEET | SCRIPTION gol | 2| om rep% 273 core Reck
= w - wn
L 00 IL:; N4 0 50 100
|'[] Very soft to soft (R1-R2), brown to gray - oy eyt
1111] BASALT /vertical joint infilling; very | [~ ’/-/’-'/;///" Block off at 0.5 foot. Hole
LT intensely fractured, rough joint surfaces, Cotamas withn -vertealflot
i ed. system.
T
L L
I111| Very soft (R1), dark gray, red/orange 20
25—T|T|| BASALT/vertical joint infilling; intensely
_1]I| weathered to decomposed, intensely I L
[T)| fractured, irregular, rough joint surfaces, 27777777 LLLllisy
T(T| partly healed.
g
410
5.0 :':f
L 59
I11)| Soft (R1-R2), dark gray BASALT /vertical 5.5
1111y] jointinfilling; intensely weathered,
ATyTy] irregular, rough joint surfaces, jointed
NI 207, 45°, and 60" with slickensides - 30°
I, T/] rake, intensely fractured. it i Z
75_’]ITI P AT AV TP
]|l||I
St | LY
I|1{| Soft (R1-R2), dark gray BASALT /vertical 9.0
[{1]] joint infilling, intensely weathered,
10.0 il jointed 10" to 15°. 14
/ Very stiff, red mottled gray CLAY; wet L
/ (decomposed basalt/joint infilling). Water return: gray to red at
7 10.5 feet
/ ¢ I ]
/; /_/;I//JI"// /:/;r‘/.////
M » . - .
[11;] Soft (R2), dark gray BASALT /vertical 120
125—I11}] joint infilling; intensely weathered, very ]
[T|Tj| intensely fractured to intensely pesid o e
I fractured, irregular, rough joint surfaces,
T partly to not healed, vesicles apparent at
1. _margins of basalt fragments. 26 ||
) 111 Soft (R-2), dark gray BASALT /vertical . i
I Jjoint infilling; intensely weathered, T, e e
15.0—![!}| intensely fractured. Ll L ZLe e LT er
I AL L]
Explaoration completed to a depth of 5
- 15.5 feet.
17.5 —
200 50 . 100

DRILLED BY: PLI Systems Inc.

LOGGED BY: CLR

COMPLETED: 08/04/10

BORING METHOD: NQ rack coring (see report text)

BORING BIT DIAMETER: 2 1/2-inch

GEONNEE

15575 SW Sequola Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

BORING CR-3

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-3




PRINT DATE: 3/7/1 VKT

BORING LOG BROWNCALD-49-03-CR1_8.CP) GEODESIGN.GDT

2
(&)
9 g E g 5 A BLOW COUNT |NSTAL[MATIO¥SAND
DEPTH | 0 R ——— <|=|Z| =| ®moIsTURE CONTENT % COMMEN
FEET | £ go|n| 2
= o 4| < | 0O Rred% CORE REC%
§ 77 = w
0.0 Q 11.8 50 100
021 Very dense, dark gray COBBLES with R
'?,Q gravel (GP), trace sand and silt; moist. OO
- 83{ B
_‘cp‘ s i3 : Intermittent drlll chatter
e : : k
4971 ]
05 : §
2.5 —{o%] 7T T T
2 'Eib . o Heavy drlll chatter at 2.5 feet.
00
Kb%
-5
- Q‘g
108 _
bo :
5.0 — 035 -
ey | 63 .
444 Very loose, brown, silty SAND (SM); wet BiS A Smooth, soft drilling from 5.5
: to 7.0 feet,
_____________________ 4 48
Medium dense, gray GRAVEL with 7.0 ey
7.5 cobbles and boulders (GP), minor sand P T T TE T
and silt; moist to wet, rounded to — | :
subrounded.
10.0 . & —
Medium hard to hard (R3-R4), gray : Smooth, hard drilling from
BASALT, slightly weathered, moderately 10.0 to 15.0 feet
fractured, vesicles <5%, jointed 60" to
70°, moderately close spacing,
moderately to intensely fractured.
12.5 — TOTITITTTIN :
n | | [f£L2227777T
1]
T
1311}
]ll
I
15.0 —f—= _ e -
Exploration completed at a depth of -
ki 15.0 feet.
17.5 —
e T 100
DRILLED BY: PL| Systems Inc. LOGGED BY: BBP COMPLETED: 08/12/10
BORING METHQD: hollow-atem auger and HQ rock coring (see report text) BORING BIT DIAMETER: 1 3/4-inch

GEONSENE

15575 SW Sequola Parkway - Sulte 100
Portland OR 97224

Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

BORING CR-4

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-4




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

A BLOW COUNT INSTALLATION AND
@ MOISTURE CONTENT % COMMENTS
10 rQD% CORE REC%

50 100

DEPTH

FEET MATERIAL DESCRIPTION

ELEVATION
DEPTH

TESTING

SAMPLE

P
=]

% GRAPHIC LOG

Very dense, gray-brown COBBLES and
BOULDERS with gravel and fine to
medium sand (GP-GM), minor silt; moist,
rounded to subrounded gravel, cobbles,
and boulders greater than 14 inches in
diameter.

1

S0
S¢

o908

N
tn
|
Ot
o

[ i Il
e ()-;" » o
0555,

Ogv

|
20"
() S

o
o

5.0 —p"

)
Sov

v

o«

|
O
'Ok

i -
039

il |
O OO
.‘20.*?(')"3034

7.5 —

S 6500650
Sor3S0%r

0y

boulder at 9.5 feet Ll I B :5‘?“"“

5
o)

S
o
|
02
1

%
wh

Exploration completed at a depth of L
. 13.0 feet.

20.0

Q 50 100

DRILLED BY: PLI Syslems Inc. LOGGED BY: JGH COMPLETED: DB/10/10

BORING METHOD: solid-stem auger, HQ and NQ rock coring (see report text) BORING BIT DIAMETER: 4-inch

DES'G N BROWNCALD-49-03 BORING CR-5

1235Wissquol ShankwayZSdite 10D PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
Off 503.92?3?3‘; OFRa)gjszgg.QﬁB.SOGs MARCH 2011 GLADSTONE, OR FIGURE A‘5




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1.8.GP) GEODESIGN.GDT

silt at 15.5 feet

2
§ g |J_: Lz; 5 A BLOW COUNT INSTALLATION AND
DEPTH | © <z £| 2| @ moisTurE CONTENT % COMMENTS
FEET | I MATERIAL DESCRIPTION SEl sl =S
& ol | g 010 RrRQD% CORE REC%
P4 vw| | wv
0.0 LJ 31,5 0 50 : : 100
£ ¢ Dense, brown, gravelly COBBLES (GP), ]
1S 0.8 . Bench height = 24.6 feet
OQ trace sand and silt - FILL. above water line; determined
"2}' with clinometer
- 2ed Hand dug first foot for sump.
054
- o.
sO
N 3&(
2.5 462
-]
B Py
004
i 'O-Q
J '._Es-‘.-‘ Slight chatter at 3.5 feet,
054
15
e .
5.0 —Hed—— - 285 -
Stiff, brown, fine, sandy SILT (ML), trace 5.0 E
= to minor clay, sparse to trace organics 12:
i (roots); dry to moist. A
7.5 —
- 2L5
Medium dense, gray, fine to coarse 100 :
GRAVEL with cobbles (GW), minor sand, 15
trace silt; moist. . Driller Comment: boulderr
ht i 1 t 11.0 feet.
boulder at 11.0 feet Driling chatter &t 11.0 feet,
Begin coring attempt. Unable
to proceed. Advance casing.
)
Hard, slow drilling from 14.0
to 15.0 feet.
grades to very dense, with sand, minor TITITIIIATZ / )

1 I

Vil AV,

Casing at 17.3 feet.

Smoother drilling. Slight
chatter.

DRILLED BY: PLI Systems Inc.

LOGGED BY: BBP

50 100

COMPLETED: 08/16/10

BORING METHOD: hollow-stem auger and HQ rock coring (see report text)

BORING BIT DIAMETER: 1 3/4-inch

15575 SW Sequoia Parkway - Suite 100

Portland OR 97224
Off 503.968.8787 Fax 503.968.3068 MARCH 2011

D ESIGNg BROWNCALD-49-03

BORING CR-6

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR FIGURE A-6




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.CP) GEODESIGN.GDT

DRILLED BY: PLI Systems Inc.

LOGGED BY: BBP

Z
FElz| & COMMENTS
DEPTH | v MATERIAL DESCRIPTION S ] z @® MOISTURE CONTENT %
FEET | £ ol vl g| [0 RrRed% CORE REC%
§ w |l wv
L_20.0 &) 0 50 100
' | Very dense, brown-gray, fine to coarse e J_ R A
T GRAVEL with cobbles (GW), minor sand, -
] trace silt; moist. S
22,5 — r 77 7]
25.0 — - Core recovered at 25.0 feet.
: Ream casing and core back to
o : 5; bottom. Resume coring at
Toson A 25,0 feet.
i 7777777
27.5 —
| §
T /)/)/2/?
0.5 :
Medium dense, gray COBBLES with b AT
gravel (GP); moist. 1) :
T TS TOTAVTTTTTTTA
25 a AT W B T T Drilling chatter at 33.5 feet,
Medium dense, brown-gray, sandy 34.0 .
GRAVEL to SAND with gravel with
cobbles (GW/SP), minor silt; moist to
wet.
ral
0.' A 50 : : ']00

COMPLETED: 08/18/10

BORING METHOD: hollow-stem auger and HQ rack coring (see repon text)

BORING BIT DIAMETER: 1 3/4-inch

BROWNCALD-49-03

GEOB N

BORING CR-6

{continued)

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224

Off 503.966.8787 Fax 503.968.3068 MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-6




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP] GEODESIGN.GDT

2
3 8,3_: Q| uy| & BLOWCOUNT INST@(S'KAAJE%#SAND
DEPTH | v <|a;| | =| @ MOISTURE CONTENT %
I MATERIAL DESCRIPTION L
FEET | £ @D ] E 1D rQD% CORE REC%
é [vu] [ (V4]
|__40.0 6] 50 100
/] Stiff, gray CLAY (CH), trace rounded B
-% gravel; moist.
% 205
Exploration completed to a depth of R
42.5 — 42.0 feet.
45.0 —
47.5 —
50.0 —
52.5 —|
55.0 —|
57.5 —
60.0

DRILLED BY: PLI Systems inc.

0 50

LOGGED BY: BBP

100

COMPLETED: 08/18/10

BORING METHOD: hollow-stem auger and HQ rock coring (see report text)

BORING BIT DIAMETER: 1 3/4-inch

15575 SW Sequaia Parkway - Sulte 100
Portiand OR 97224

Off 503.968.8787 Fax 503.96B.3068

DES IGNZ BROWNCALD-49-03

BORING CR-6

(continued)

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-6




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP] GEODESIGN.GDT

z
Lé E Ij—: &) I_'l_l'l A BLOW COUNT INSTALLATION AND
DEPTH | ¢ MATERIAL DESCRIPTION i é S| @ MOISTURE CONTENT % COMEENTS
FEET é ED vl 2| 00D red% CORE REC%
00l B el 7 50 100
’ _H_L Very soft (RO-R1), gray-brown and red
- BASALT; intensely weathered to
JJTL decomposed, intensely fractured,
T:T#' irregular, rough joint surfaces, partly
I healed, open with clay filling, oriented
ITT 15" and 30".
IITI becomes extremely soft (RO) at 2.0 feet
2.5 — s —
1 VAT T A VTG
‘:‘L:J‘ ol o i o
it
l1T]] becomes gray; intensely weathered at
5.0 —
'IJ:T!' 4.5 feet 64 UC = 624 psi
_H_L Very soft (R1), gray BASALT; intensely 5.5
= weathered, intensely fractured, irregular,
TlTL rough joints surfaces, open with clay : : :
T filling, oriented 20" and 60" it
I11{| becomes soft (R2): moderately ' Do Pl
75—11}] weathered, moderately fractured,
[LTi]. moderately healed, vesicular (10%) at 7.0 | 3.9 | |
1] \feet i
11!1| Medium hard (R3), gray BASALT; slightly
4111| weathered, moderately fractured,
IT|] irregular, rough joint surfaces, open with
T clay and iron oxide filling, oriented 10",
10.0 —ﬁ 257, 607, and 90°, vesicular (5%). - .
L TS
L] : 5o
jinn
41 P
|||| :
12.5
T 3
a | ¢
.:.L:_L Hard to very hard (R4-R5), gray BASALT; | 130 Eo
] slightly weathered to fresh, slightly o
_'IJTL fractured, irregular, rough joint surfaces, d
'|JTL open with clay filling, oriented 35, :
I\Ti] vesicular (5%). 4
15'0_ﬁ o
i )
1Y : t -
“ﬁ UC = 32,864 psi
17.5 }-{-:J'.
i sl |
_:J_:_j_ Medium hard to hard (R3-R4), gray 18.0
141| BASALT; fresh to slightly weathered,
{TiTj| moderately fractured, irregular, rough
‘|J|T{‘ joint surfaces, partly healed, open with Water rewn: gray to dark
H1H 1 . u red at . eet
_!J_,T_L clay filling, oriented 20" and 60", - o
20.0 HERERIARENNENE
) 50 100

DRILLED BY: PL| Systems Inc.

LOGGED BY: CLR

COMPLETED: 08/06/10

BORING METHOD: NQ rack caring (see reporl text)

BORING BIT DIAMETER: 2 1/2-inch

BROWNCALD-49-03

BORING CR-7

[@Te)DESIGN:

15575 SW Sequaia Parkway - Sulte 100
Portland QR 97224
OFff 503.968.8787 Fax 503.968.3068

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-7




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

2
8 Ox|g| w| asowcount INSTALLATION AND
DEFTHI| 2 MATERIAL DESCRIPTION <&| £ | 2| @ moIsTURE CONTENT % EONMEES
FEET § %D ¥ | <| [I0Rreo% CORE REC%
o ) = [75]
L—20.0 v 0 50 100
M1l becomes very soft to soft (R1-R2), dark S e A
11Ty gray; intensely weathered, very intensely - e Water return: green to gray
[TiT|| to intensely fractured at 20.0 feet Popod PoEE D | w200t
I A
T 101 |
11| Soft (R2), red-gray-black BASALT; 220
225—NiT|| intensely weathered, moderately to

4N intensely fractured, irregular, rough joint
i surfaces, partly healed, open with clay,
nn iron oxide, and secondary mineral filling,
oriented 0" - 20" and 75 - 90°, vesicular b
it (10- 20%). LT ALV
1.LU becomes extremely soft (RO), orange- % 4
250 Nl gray; decomposed, intensely fractured at
NTj| 24.0 feet

becomes soft (R2), gray; intensely Poiod _ :
weathered at 25.6 feet DR . UC = 2,968 psi

[1T] Medium hard (R3), gray BASALT; slightly | 26%

11iT{| weathered, moderately fractured,

275 1T} irregular, rough joint surfaces, partly

T healed, open with quartz and secondary

I mineral filling, oriented 10°, 30", and 60°
- 90, vesicular (25 to 30%).

ANRIERANNRNRREN
-Illl P T T 77777
A . PR

I

30.0—{TT|
mm
Il
I
.'J.LQ L}
Exploration completed to a depth of 315
1 31.5 feet.
32,5 —
35.0 —
37.5 —
g 0 50 ' 100
DRILLED BY: PLI Systems Inc. LOGGED BY: CLR COMPLETED: D8/06/10
BORING METHOD: NQ rock caring (see report text) BORING BIT DIAMETER: 2 1/2-inch
D u BROWNCALD-49-03 BORING CR-7
ESIG NZ {continued)

18sZ5SWsEquolJicH waySUElO PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
Off 503.92?{2739 0§a37§§§.958.3068 MARCH 2011 GLADSTONE, OR FIGURE A-7




PRINT DATE: 3/7/1 L:KT

BORING LOG BROWNCALD-43-03-CR1_8.GP] GEODESIGN.GDT

Z
= Ol INSTALLATION AND
DEPTH| o 52| 2] omoson CONTENT % COMMENTS
I IAL =
FEET g MATER DESCRIPTION E 8|4 <§( (D) RaD% P
1%, ]
L 00—t u._;"s_s . 50 100
’ — ASPHALT CONCRETE (3 inches). o 505.35
1o AGGREGATE BASE (6 inches). ii.Q
-y Medium stiff, brown CLAY (CL), trace LE
/ sand, gravel, and organics (rootlets); : Ay
% moist (disturbed structure) - FILL. - A @
2.5 —/ )
/ minor sand at 2.5 feet _
% A e
7
o8] Dense, brown-gray, fine to coarse 3
5.0 GRAVEL and COBBLES with sand and silt
o (GP-GM), trace organics (rootlets); : o
S¢q moist, subrounded to subangular and ® P
1564 angular gravel (Missoula Flood oo rogo
feddd Deposits). BER poL
& B b g N
- .g.(;b Lo Lo oo 2
7.5 — OFdS T —
0811 becomes very dense, without rootlets at Bt d 3 B
1 é. 7.5 feet ©optg S T
b ® @ @ 5o & Uriller Comment: cobbles at
..,d.E, ong oG = s = 7.5 feet
15 N
0O 200 1T o oa Heavy drilling chatter at 9.0
- % ; Eow ol feat
10.0 28, . — —
%c becomes with sand at 10.0 feet SR S
_§° SIEV . Pod g - J{B
--.'a??- : 0oz g
1op
12.5 —50s ) .
Sked becomes medium dense, with orange SE
25N mottles at 12.5 feet o 8 71
5! e : I
P, -
¢
of
15.0 %E
' }gf becomes very dense, with sand at 15.0 :
1ah3 feet 81 -
top ® s
|"§._
1ok
o 388
#1411 Loose, brown, fine to medium, silty 12.0
SAND with fine to coarse gravel (SM); 3 3
maist, subrounded (Missoula Flood z i P200 = 17%
Depasits). p200| | B ® .
M Disturbed grab sample
200 0 I 50 I 100
DRILLED BY: Wastem States Soil Conservation, Inc. LOGGED BY: NAK COMPLETED: 07/20/10

BORING METHOD: mud rotary and HQ rock coring (see report text)

BORING BIT DIAMETER: 4 7/8-inch

[@FDEsIGN

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

BORING CR-8

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR

FIGURE A-8




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1_8.GP) GEODESIGN.GDT

Z
8 SE 9|yl asowcour INSTALLATION AND
DEPTH | 2 MATERIAL DESCRIPTION S|ti| £ | S| @ MOISTURE CONTENT % COREENIE
FEET | & %D 9| 2| (10 RrRap% 7] CORE REC%
§ i = wi
0.0 [&] 1] 50 100
Very stiff, brown, sandy SILT (ML); Bt ; P b200 = 53%
- moist, low plasticity, fine sand (Missoula Lol
| Flood Deposits). P200 L
| Disturbed grab sample
D ) e T T 333 S
04 Dense, brown-orange and gray, fine to 22.5
1:{J7 coarse GRAVEL with silt and sand (GP-
lopid GM); moist to wet, subrounded to
% subangular (Missoula Flood Deposits).
2
e
;0 4
25.0 —154% —
BN Lol '32 P200 = 10%
_g P200 @ A
i :
42,
0
Heded
08,
_loddy
27.5 501
I e e e 27.8
lT Very stiff, brown-green with white 28.0
i stripes SILT (MH), minor sand; moist,
4 medium to plasticity (Troutdale
Formation).
— : : i
AW r P200 =
G I NI I e
PL =42%
g P38 as
E LA
32.5 — L
35.0 — f
becomes trace sand at 35.0 feet .
. 53
o
37.5 —
40 CR— C — 100
DRILLED BY: Western States Scil Conservation, Inc. LOGGED BY: NAK COMPLETED: 07/20/10
BORING METHOD: mud rotary and HQ rock coring (see report text) BORING BIT DIAMETER: 4 7/8-inch
D Y BROWNCALD-49-03 BORING CR-8
ESlG NZ (continued)
IS SWoequoliatkweySIEINI0 PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
OFF 503.963 8387 Fax 203.968.3068 MARCH 2011 GLADSTONE, OR FIGURE A-8




PRINT DATE: 3/7/11:KT

BORING LOG BROWNCALD-49-03-CR1.8.GPj GEODESIGN.GDT

Z
Q [e)] INSTALLATION AND
a =Tl o A BLOW COUNT
DEPTH | © el £ 2| @ woisTore conrentx COMMENTS
I MATERIAL DESCRIPTION Z Wkl s
FEET | = Lol | £ | 000 rReDk CORE REC%
§ o | wv
(6] '] 50 100
—40.0 - - o
(continued from previous page) i : ool
- P200 @ ‘536
becomes hard, brown-red to green, P
- sandy; blocky at 41.0 feet
42.5 —
45.0 — : .
b H ® :fo-sa:-t';"
47.5 — _
I T I S 7.8 '
;/7 Very dense, gray-green to brown, clayey | 480 §o
/ SAND (SC); moist (decomposed basalt h
L4 rock). i
/j m . I
. 'Hl Very soft to soft (R1-R2), gray BASALT; | 00| |9 TETA
= intensely to moderately weathered, :
_T{'IJ[ intensely fractured, random, irregular, P
T rough joint surfaces, open, Lo '
1,T/| predominantly oriented 60" - 70", -l i
i vesicular (5 - 10%). o P
N ST — ;|
525 TH e P S SRS
[/1]] becomes medium hard to hard (R3-R4); P
111!j] moderately to slightly weathered,
] moderately to slightly fractured at 53.0
'IJ|T:' feet
1
550 | - - M —|
|1} Medium hard to hard (R3-R4), gray 550 B
111|| BASALT; slightly weathered, slightly
ATiT|| fractured, smooth to rough joint e Dol
1T)| surfaces, open, oriented 10"- 157), Db uceraserps
T\Ty| vesicular (5 - 10%). Pop g '
- Illl R U=
575l A
T
"[J[T}' becomes soft (R2); 80" to 90" planar ue sl 7
joint, slightly open with oxide coating at | | '
M1
60.0 T 59.0 feet : L
: 50 T0)

DRILLED BY: Westem States Sail Conservation, inc,

LOGGED BY: NAK

COMPLETED: 07/20/10

BORING METHOD: mud rotary and HQ rock coring (see repart text)

BORING BIT DIAMETER: 4 7/8-inch

G EON TN

15575 SW Sequoia Parkway - Sulte 100
Partland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

BORING CR-8
{cantinued)

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR

FIGURE A-8




PRINT DATE: 3/7/1 1:KT

BORING LOG BROWNCALD-49-03-CR1.8.GP) GEODESIGN.GDT

DRILLED BY: Weslem States Soll Conservation, Inc.

LOGGED BY: NAK

Z
3 Ox|y| | asowcoun INSTALLATION AND
DEPTH | u <|=|Z| £| @ MOISTURE CONTENT % COMMENTS
I MATERIAL DESCRIPTION L =
FEET g %o 4 ; (II0 RQD% [Z7] CORE REC%
(6 50 100
—60.0
'T{| Hard to very hard (R4-R5), gray BASALT; | &%
-{TTy| slightly weathered to fresh, unfractured,
AT Ty1 vesicular (<5%).
[']
Il
hhy uc L
62.5—{1!| ARIANINNENAENARRRNARER] uc = 20,381 psi
: I I //T//_/(/-_/ //_/(/_//(/I
I|l|
4 [:|: becomes jointed, moderately to
T intensely fractured, rough joint surfaces,
||]| open, predominantly oriented 0' - 20,
65.0 . With planar open joint oriented 80 - 90", | 45 L
‘ discontinuities filled with clay at 63.6 65.0
E feat
i Exploration completed at a depth of
65.0 feet.
67.5 —
70.0 —|
72.5 —
75.0
77.5 —
80.0 0 T T

COMPLETED: 07/20/10

BORING METHOD: mud rotary and HQ rock coring (see report text)

BORING BIT DIAMETER: 4 7/8-inch

[@TODESIGN:

15575 SW Sequaia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

BORING CR-8

(continued)

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-8




PRINT DATE: 3/7/11:KT

ATTERBERG_LIMITS 7 BROWNCALD-49-03-CR1_8.GP] GEODESIGN.GDT

60

4
Vi
50 CH br OH
/ "A"|LINE
*x 40
Lt
)
z //
5=
=
g 30 .
= b
v CLoroOL
d
-8
20 /
g
/ MH H
10 prO
/| cm 7 ML pr OL
0 ./
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BORING CR-2, BOX 2, 9.5 TO 17.5 FEET

DES IGNY BROWNCALD-49-03 CORE PHOTOGRAPHS
15575 SW sequola Parkway - Suite 100
PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
off 503.9:::;:‘7‘0:;7:;;.958.!060 MARCH 20] ] GLADSTONE' OR FIGURE A'47
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BORING CR-2, BOX 4, 26.0 TO 36.0 FEET

DES| GNe BROWNCALD-43-03 CORE PHOTOGRAPHS

e MARCH 2011 PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
Off 503.968.8787 Fax 503.968.3068 GLADSTONE, OR

FIGURE A-48
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BORING CR-2, BOX 5, 36.0 TO 40.0 FEET

DES IGNZ BROWNCALD-49-03

CORE PHOTOGRAPHS

15575 SW Sequoia Parkway - Sulte 100

Portland OR 97224
off sns.ms;:7 Fax 503.968.3068 MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-49
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BORING CR-3, BOX 2, 9.25 TO 15.5 FEET

[@FDEsIGN:

15575 SW Sequola Parkway - Sulte 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

CORE PHOTOGRAPHS

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR

FIGURE A-50
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BORING CR-7, BOX 2, 8.0 TO 17.25 FEET

'S

[@FeDesicne BROWNCALD-49-03

CORE PHOTOGRAPHS

15575 SW Sequola Parkway - Suite 100

Portland OR 97224 MARCH 2011

Off 503.968.8787 Fax 503.968.3068

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION

GLADSTONE, OR

FIGURE A-51
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BORING CR-7, BOX 3, 17.25 TO 26.25 FEET

BORING CR-7, BOX 4, 26.25 TO 31.5 FEET

[@FeDEsIGN:

15575 SW Sequoia Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

CORE PHOTOGRAPHS

MARCH 2011

PROPOSED CLACIKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR

FIGURE A-52
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BORING CR-8, BOX 1, 50.0 TO 58.5 FEET
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BORING CR-8, BOX 2, 58.5 TO 65.0 FEET

[T DESIGN:

15575 SW Sequala Parkway - Suite 100
Portland OR 97224
Off 503.968.8787 Fax 503.968.3068

BROWNCALD-49-03

CORE PHOTOGRAPHS

MARCH 2011

PROPOSED CLACKAMAS RIVER INTAKE PUMP STATION
GLADSTONE, OR

FIGURE A-53
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APPENDIX B

OUTSIDE LABORATORY TESTING

We submitted several bedrock samples to ACS Testing Inc. of Tigard, Oregon, and to Kleinfelder
of Redmond, Washington, to conduct supplemental [aboratory testing. The results of their
testing are discussed below and included in this appendix.

UNCONFINED COMPRESSION STRENGTH
Unconfined compressive strength testing was completed on several samples from the extracted
rock cores. The testing was completed in accordance with ASTM D 7012. The test results are

included at the end of this appendix and summarized in Table B-1.

Table B-1. Unconfined Compressive Strength Test Results

- Depth o Unco-nfined
Boring (feet BGS) Rock Description Compressw? Strength

(psi)

CR-1 5.0 Extremely Soft Basalt (R0) 395

CR-1 13.5 Very Hard Basalt (R5) 37,147

CR-1 26.0 Soft Basalt (R2) 1,056

CR-1 34.8 Hard Basalt (R4) 9,566

CR-1 40.9 Hard Basalt (R4) 14,917

CR-2 15.0 Very Hard Basalt (R5) 45,131

CR-2 345 Hard Basalt (R4) 11,898

CR-7 185 Hard Basalt (R4) 9,971

CR-7 49 Extremely Soft Basalt (R0) 624

CR-7 15.2 Very Hard Basalt (R5) 32,864

CR-7 25.7 Soft Basalt (R2) 2,968

CR-8 57 Hard Basalt (R4) 12,547

CR-8 59 Soft Basalt (R2) 1,727

CR-8 60 Very Hard Basalt (R5) 20,381

[@FDESIGNE B-1 BrownCald-49-03:030711
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Unconfined Compressive Strength Test ASTM D7012-09 el

PROJECT: Clackamas River LAB SAMPLE NO.: 9778
PROJECT NO.: 113373 SAMPLE NO.: CR-1 5.0-5.9'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 8/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 0.00 Di (in) 203
Wet Sp Weight + tarc (g) 37540 Area (in’) 324
Dry Specimen Weight + tare (g) 375.40 Ileight (in) 439
Weight of Water (2) 0 Valume (in”) 1421
Weight of Dry Speci (g) 37540 Maximum Laad. P (Ibs) 1,280
Weight of Wet Specimen (g) 37540
Water Content (%) 00 Campressive Strength (PST) 393
Unit Weight Wet (peh 100 6 Specific Gravity 16l
Unit Weight Dry (pef) 100 6 Sample Break Intact X
Unit Weight of Water (pcf) 6243 Type Fracture
Other Break
Commentis:

Deftection | Axial Strain | Compressive
Axial Load (1bs) (inch) (inch/inch) | Stress (PST)
I

0 0,000 1 00000 0

50 0.005 000Hd 15
200 oMo 000228 62
360 0015 000342 1
550 0020 000456 170
740 0025 {1 00569 220
030 0.030 0 00683 287
1.080 0.035 000797 334
1.190 0040 000911 368
1,280 0.045 001025 195

Compressive Stress versus Axlal Strain Plot
450

400 °

350

Compressive Stress (PSI)
2 o 8 8
o o [=) (=]
*

[¢4])
[=]

0 e—- E - =
0.000 0.002 0.004 0.006 0.008 0.010 0.012

Axial Straln (inch/inch)

KLEINFELDER (41710 NE 87th St Suite 100 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-7901 @ January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 ¢

PROJECT: Clackamas Rivr

PROJECT NO.: 113073

RopEeser &

SAMPLE NO.. OR1 5099

B UBSURLEN: o7

REPORTED BY: A Siitys

PROJECT: ~ Clockamas Rie

PROCTNO 1

OMPLEDESCRI: Bl

oMIPLEND. (5049
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Unconfined Compressive Strength Test ASTM D7012-09
PROJECT: Clackamas River LAB SAMPLENO.: 9770
PROJECT NO.: 113373 SAMPLE NO.: CR-1 13.5-14.5'
PROJECT LOCATION: Gladstone. OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 0.00 Diameter (in) 2.04
Wet Specimen Weight + tare () 668.90 Area (in’) izl
Dey Specimen Weight + tare (g) 668.90 Height (in) 443
Weight of Water (g) 000 Volume (in*) 14 48
Weight of Dry Specimen (g) 668.90 Maximum Load, P (lbs) 121,416
Weight of Wet Specimen (g) 668.90
Water Content (%) 00 Compressive Strength (PSD|  37.147
Unit Weight Wet (peD 176.0 Specific Gravity 282
Unit Weight Dry (pef) 176 0 Samgple Break Tnlact x
Unit Weight of Water (pc) 62 43 Type Fracture
Other Break
C ts:
Deflection | Axial Strain | Compressive|
Axial Load (Ihs) (inch) (inch/inch) | Stress (PSI)
0 0.000 .00000 0
1.030 0.(05 000113 315
2.660 0010 0 00226 14
7.464 0.015 0.00339 2.284
16.260 0.020 0.00451 4,975
29.455 0.025 0.00564 9013
43,781 0.030 000677 13.395
58.006 0.035 0.00790 17.747
71,540 0,040 0.00903 21.888
85.300 0.045 001016 26.097
OR.218 0050 0.01129 30.050
110.880 0.055 0.01242 33,924
121.416 0.060 0.01354 37.147
Compressive Stress versus Axlal Strain Plot
40,000 |
\ ® |
35,000 | —.
§J!O,OOO °* il
= !
25,000 2
=1
S °
® 20,000
2
] * .
& 15,000 '
£ p °
8 ! |
10,000 i p” ‘
5,000 - !
.' o |
00— = - — g - = —
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Axial Strain (inch/inch)

KLEINFELDER 14710 NG 87th St Suite 100 Redmond, WA 98052 Office (425) 636-7900 Fex (425) 636-7901 © January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 ¢’

PROJECT: Clackamas River

PROJECTNO. 113373

SAMPLE DESCRIP: Basal

SAMPLENO.: OR-1 135-149

LAB SAMPLE NO. 970

REPORTED BY: AStitys

PROJECT: Clackamas River

PROJECT NO.: 113373

Basal

SAMPLENO.  CR{ 135445

LAB SAMPLE NO.. am

A.Strys
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Unconfined Compressive Strength Test ASTM D7012-09 b
PROJECT: Clackamas River LAB SAMPLENO.: 9776
PROJECT NO.: 113373 SAMPLE NO.: CR-1 28.0’-26.8'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 000 Di (in) 203
Wet Specimen Weight + tare (g) 479.20 Area (in) 324
Dry Speci Weight + tare (g) 479.20 Height (in) 464
Weight of Waler (g} 000 Volume (in') 15 02
Weight of Dry Specimen (g) 479 20 Maximum Load, P (lbs) 3418
Weight of Wet Specimen (g} 479 20
Water Content (%) 00 Compressive Strength (PST) 1,056
Unit Weight Wet (pch 1215 Specific Gravity 195
Unit Weight Dry (pef) 1215 Sample Break Inlact X
Unil Weight of Water (pcf) 62 43 Type Fracture
Other Break
Comments:

Deflection | Axial Strain | Compressive
Axial Load (!g) (inch) (inch/inch) | Stress (PSI)

0 0.000 0.0nNNan 0
1.005 0.005 000108 il
1.281 0.010 000216 196
1.658 0.015 0 00323 810
2.48R 0.020 000431 769
3418 0.025 000539 1.056

Compresgive Stress versus Axlal Strain Plot

1200
1,000 = . :
800 . i |
600

400 | L

Compressive Stress (PS)

200

2o
0.006

0De — et it . :
0.000 0.001 0.002 0.003 0.004 0.005
Axlal Straln (inch/inch)

KLEINFELDER 14710 NE 87th St Suile 100 Redmund, WA 98052  Office (425) 636-7900 Fax (425) 636-7901  ® January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 el

PROJECT: (Clackamas River

PROJECTNO. 113373

SAMPLE DESCRIP: Basal

SAMPLE NO. CR-1 260-268

LAB SAMPLE NO.. 9776

PROJECT: Clackamas River

PROJECT NO.. 113373

SAMPLE DESCRIP: Basal

&

£

by '
r_.

SAMPLE NO.: OR-1 260268

15 SAIPLENO: 07

R REPORTEDBY:  ASios

KLEINFELDER 14710 NE 87th St Suite 100 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-790t © Ianuacy 2010
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Unconfined Compressive Strength Test ASTM D7012-09 el
PROJECT: Clackamas River LAB SAMPLE NO.: 9773
PROJECT NO.: 113373 SAMPLE NO.: CR-1 34.8'-35.6'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stlrbys
Tare Weight (grams) 0.00 Di (im__ 2.04
Wet Specimen Weight + lare (g) 527.90 Area (in") 37
Dry Specimen Weight + tare (g) 52790 Height (in) 4.12
Weight of Water (g) 000 Volume (in") 1347
Weight of Dry Specimen (g) s2790 Maximum Load, P (1bs) 11.263
Weight of Wet Specimen (g) 52790
Water Content {%) 00 Compressive Strength (PSI) 9,566
Unit Weight Wet (pef) 149 3 Specific Gravily 2139
Unit Weight Dry (pcf) 149 3 Sample Break Intact X
Unit Weight of Water (pcf) 06243 Type Tracture
Other Break
Comments:

Deflection | Axial Strain |Compressive
Axial Load (Ibs) (inch) (inchfinch) | Stress (PSI)
EEEEEESSS

0 0.000 1).(0000) 0
1.330 0.005 00zl 407
2.086 0.010 000243 [axt
5.428 0.015 0001364 1.661
13.144 0.020 1) D485 4021
22.795 0.025 0 00607 6974
31.265 0.030 00728 Y 566

Compressive Stress versus Axlal Straln Plot
12‘000 l.,, w— ————e - - ate e mmm e e - " S - o

10,000 !

8,000

6,000

Compressive Stress (PSI)

|

i

|
4,000 ’ *

i

i

2,000 }

i

i

*
0 & i =

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

Axial Strain (Inch/inch)

KLEINFELDER 14710 NE 87th S Suite 100 Redmond, WA 98052  Office (425) 636-7900 Tax (425) 636-7901 © January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 ol

PROJECT: Clackamas River

PROJECT NO.: 113973

SAPLE DESCRIP: Basal

SAMPLENO.  CR{ 348-%6

LAB SAMPLENO.: s

REPORTEDBY: Sty

PROJECT: Clackamas River

PROJECT NO. 113373

SAMPLE DESCRIP: Basal

SAMPLENO. (R 48-356

LAB SAMPLE NO. s

HEPOFITED BY: A Stibys
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Unconfined Compressive Strength Test ASTM D7012-09 ©'

PROJECT: Clackamas River LAB SAMPLE NO.: 9772
PROJECT NO.: 113373 SAMPLE NO.: CR-1 40.9-41.¢'
PROJECT LOCATION: Giadstane, OR SAMPLE DESCRIP:  Basall
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
"Tare Weight (grams) 0.00 Di (in) 204
Wet Sp Weight + tare (g) 629.80 Area fin') 327
Dry Specimen Weight + tare (g) 629 80 Height (in) 4.63
Wcight of Water (g) 000 Volume (in’) 1513
Weight of Dry Specimen (g) 629.80 Maximum Load, P (Ibs) 48.757
Weight of Wet Speci (3] 629 80
Water Content (%) 00 Compreasive Strength (PSI) 14917
Unit Weight Wet (pcf) 158 5 Specific Gravity 254
Unit Weight Dry (pc) 158 5 Sample Break Intact X
Unit Weight of Water (pch 6243 :l'ype Fracture
Other Break
Comments:

Deflection | Axial Strain | Compressive
Axiul Load (b} (inch) (inch/inch) | Stress (PSI)

0 0.000 ) 00000 1]
6.980 0.005 000108 2136
10.980 0010 0 00216 3.359
19.125 0.015 0 40324 5.851
27.268 0.020 0 (0432 8.343
38.208 0.025 000540 11 690

48,757 0030 000648 14917

Compressive Stresa versus Axial Straln Plot

16,000 [ I
14,000 !

12,000

10,000 |

8,000 |
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o
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o
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|

‘ ®
2,000 |
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0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007

|
|
1
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|
|

Axiat Strain (inch/inch)

KLEINFELDER 14710 NE 87ih St Suite 100 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-7901 © January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 el

PROJECT: Clackamas River

PROJECT NO.: 113373

SAMPLE DESCRIP: Bagalt

SAMPLE NO. OR-1 409-416

LAB SAMPLE NO. g2

™ REPORTEDBY:  ASils

PROJECT: Clackamas River

PROJECTNO.. 11307}

S8 o 7 LR
DR SHPLEND (R g

LAB SAMPLENO.: i

BIESENZ REPORTED BY: A Sty
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Unconfined Compressive Strength Test ASTM D7012-09

PROJECT: Clackamas River LAB SAMPLENO.: 9771
PROJECT NO.: 113373 SAMPLE NO.: CR-2 15.0-15.5'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basall
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 0.00 Di (in) 2.05
Wet Specimen Weight + tare (g) 693.40 Area (in") 330
Dry Specimen Weight + tare (g) 69340 Height (in} 4 48
Weight of Water (2) 000 Volume (in’) 1479
Weighi of Dry Speci (] 6493 40 Maximum Load, P (1bs) 148,964
Weight of Wel Speci (8) 693 40
Water Conlent (%) 00 Compressive Strength (PSI)| 45,131
Unil Weight Wet (pef) 178 6 Specific Gravity 286
Unit Weight Dry (pef) 1786 Snmple Break Infact X
Unit Wcight of Water (pcf) 6243 Type Fraclure
Other Break
Comments:
Deflection | Axial Strain | Compressive
Axial Load (1bs) (inch) (inch/Inch) | Stress (PSI)
——————
1] 0 00 ) Q0000 0
2.160 0.005 000112 6354
3.744 0.010 100223 1134
8.142 0.015 1 003 AS 2467
18.028 0.020 (1 0N446 5.462
10.536 0.025 0 00558 0,252
45,538 0.030 000670 13,197
62.479 0.035 000781 18929
77.081 0.040 0 00893 231353
91.861 0.045 001004 27 831
106.512 0.050 001116 32.270
121.900 0.055 001228 36932
135.400 0.060 0Nn13ig 41.022
148.961 0065 001451 45.131

Compressive Stress versus Axial Strain Plot

50,000

45,000 |

*

40,000 !
35,000 Fie

30,000

25,000
20,000

15,000

Compresslve Stress (PSl)

L

10,000 | p

5,000 | el
L J
0 s _* .
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.018

Axlal Strain (inch/inch)

KLEINFELDER 14710 NE BTth St Suite 100 Redmond, WA 9R052  Office (425) 636-7900 Fax (425) 636-790)  © Januacy 2010
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Unconfined Compressive Strength Test ASTM D7012-09 i

PROJECT: Clackamas River
PROJECT NO.: 13373

SAMPLE DESCRIP: Basal
SAMPLE NO.: CR-2 150-15.5

B | AB SAMPLE NO.: 97

W REPORTEDBY: AStiys

PROJECT: Clackamas Rive
- PROJECTNO. {13373
¥ SAMPLE DESCRIP: Basal
S SMPLENO: OB 180455
LAB SAMPLENO. i
REPORTED BY: A Sitys
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Unconfined Compressive Strength Test ASTM D7012-09 @
PROJECT: Clackamas River LAB SAMPLE NO.: 9774
PROJECT NO.: 113373 SAMPLE NO.: CR-2 34.5-35.1"'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 0.00 Diameter (in) 204
Wet Specimen Weight + tare (g) 586.90 Area (in) 3.27
Dry Specimen Weight + tare (g} 586.90 Height (in) 438
Weight of Water (g) 0.00 Volume (in”) 1432
Welght of Dry Specimen (g) 586.90 Maximum Load, P (1bs) 38.889
Weight of Wet Specimen (g) 586 90
Water Content (96) 00 Compresalve Strength (PST)|  11.898
Unit Weight Wet (pcf) 156.2 Specific Gravity 250
Unit Weight Dry (pef) 156.2 Sample Break Intact L3
Unit Weight of Waler (pcf) 62.43 Type Fracture
Other Break
Comments:

Defection | Axial Strain | Compressive
Axial Load (Ibs) | (inch) (inch/inch) | Stress (PSI)

0 0.000 000000 0
10.781 0.005 000114 1208
18457 0.010 0 00228 5.647
28.776 0.015 0.00342 R R0
38,889 002 | 000457 11,808

Compressive Stress versus Axial Strain Plot
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KLEINFELDER [4710 NE 87ih St Suite 100 Redmand, WA 98052 Office (425) 636-7900 Fax (425) 636-790} @ January 2010
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Unconfined Compressive Strength Test ASTM D7012-09 a

PROJECT: Clackamas River

PROJECT NO. 11337}

SAMPLE DESCRIP: Basal

SAMPLENO..  (R2 M5

LAB SAMPLE NO.. UL

mE BB NN CCOREDB: At

PROJECT: Clackamas River

PROJECT NO. 113373

B BURESARE
N SMPLEND. R M5!

R SBuesuren:

8 CEOMEDRY: Ao
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Unconfined Compressive Strength Test ASTM D7012-09 el
PRQOJECT: Clackamas River LAB SAMPLE NO.: 9777
PROJECT NO.: 113373 SAMPLE NO.: CR-7 4.9-5.5'
PROJECT LOCATION: Gladstone. OR SAMPLE DESCRIP:  Basall
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 0.00 Diameter (in) 2.04
Wet Specimen Weight + tare (g) 40000 Area (in’) 127
Dry Speci Weight + tare (g) 400 00 Height (in) 431
Weight of Water () 000 Volume (in’) 1409
Weight of Dry Speci (g) 100 00 Maximum Load. P (Ibs) 2,040
Weight of Wet Speci (g) 400 00
Water Content (%) 00 Compressive Strength (PSD 624
Unit Weight Wet (pcf) 108 2 Specific Gravity 1713
Unit Weight Dry (pcf) 1082 Sample Break Intact X
Unit Weight of Waler (pcf) 6243 Type Fracture
Other Break
Comments:
Deflection | Axial Strain | Compressive
Axial Load (lbs)} (inch) (inch/inch) | Stress (PSI)
0 0 000 000000 0
110 0.005 000116 34
230 0.010 000232 70
320 0.015 ) 034K 98
330 0.020 ) 00464 101
520 0.025 0 00580 159
680 0.030 0 00696 k(YT
910 0.035 000812 278
1.160 0.040 0 00Y28 135
1.440 0.045 001044 A §
1.660 0.050 ) 01160 508
1,860 0.055 001276 560
2040 0.060 001392 624
Compressive Stress versus Axial Strain Plot
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0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Axial Strain (Inch/inch)

KLEINFELDER | {710 NE 87th St Suite 100 Redmond, WA 98052  Office (425) 6367900 Fax (425) 636-7901 @ Jonuory 2010
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Unconfined Compressive Strength Test ASTM D7012-09 =

PROJECT: Clackamas River
l PROJECTNO.: 13373

- BSAMPLE DESCRIP: Basalt

"B SAMPLE NO.: CRT7 4955
LAB SAMPLE NO.. o717

i iT1EE REPORTED BY: A Stirbys

PROJECT: Clackamas River
PROJECT NO.: 113373
SAMPLE DESCRIP: Basalt
SAMPLE NO.: (R7 4955
LAB SAMPLE NO. o777
B8 REPORTED BY: A Stirbys




( KLEINFELDER Dala checked by:  CL. Dato: a et

N
Unconfined Compressive Strength Test ASTM D7012-09 o

PROJECT: Clackamas River LAB SAMPLE NO.: 9769
PROJECT NO.: 113373 SAMPLE NO.: CR-7 15.2-16.0
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Slrbys
Tare Weight (grams) 000 Diameter (in) 205
Wet Specimen Weight + tare (g) 692.40 Arca (in') 330
Dry Specil Weight + tare (¢) 692 40 Height (in) 4.52
Weight of Water (g) 000 Volume (in’) 1492
Weight of Dry Specimen (2) 69240 Maximum Load, P (ibs) 108472
Weight of Wet Specimen (g) 692 40
Water Content (%) 00 Compressive Strength (PSI) 32.864
Unit Weight Wet (pcf) 176 8 Specific Gravity 283
Unit Welght Dry (pcf) 1768 Sample Break Intact X
Unit Weight of Water (pcf) 6243 Type Fracture
Other Break
Comments:

Deflection | Axial Strain | Compressive
Axial Load (Ibs) (Inch) (inch/inch) | Stress (PSI)
|— ———

0 0000 0.00000 0

11,586 0.005 0.0011L1 1.510
21.760 0.010 0.00221 6.593
32,800 0.015 0.00332 9937
44.780 0.020 0 00442 13.567
56.754 0.025 0 00553 17.195
69.114 0.030 0.00664 ML.040
81.379 0.035 0.00774 24.656
92.789 0.040 0 (0885 28112
103.573 0.045 0.00996 31.380
108.472 0.050 n.olios 32 864

Compressive Stress versus Axial Straln Plot

35,000 I
30,000

fzs.ooo 3

_
[
o
[=]
(=]

Col
S g
[=)
1=}
L=
*

0.000 0.002 0.004 0.006 0.008 0.010 0.012

Axial Strain (Inch/Inch)

KLEINFELDER 14710 NE 87th §t Suite 100 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-7901 © lanuary 2010
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KLEINFELDER

\—/_/
Unconfined Compressive Strength Test ASTM D7012-09 °’

PROJECT: Clackamas Rive
PROJECT NO.: 13373
SAMPLE DESCRIP: Basal
SAMPLE NO.: CR-7 15.2-160
LAB SAMPLE NO.: 0769
REPORTED BY. AStitys

o PROJECT:
s i " PROJECT NO. 113473
- SRNSMPLEDESCRP:  Basl
(T SAMPLENO. CR7 152460
LAB SANPLE NO. 0769
REPORTED BY: AStys

Clackamas River

KLEINFELDER 14710 NE 87th St Suite 100 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-7901 © January 2010



G/T;NFELDER Naid checked by:  CL Dake h k|
N

Unconfined Compressive Strength Test ASTM D7012-09 el

PROJECT: Clackamas River LAB SAMPLE NO.: 9775
PROJECT NO.: 113373 SAMPLE NO.: CR-7 25.7'-26.8'
PROJECT LOCATION: Gladstone, OR SAMPLE DESCRIP:  Basalt
SAMPLED BY: JGH DATE TESTED: 9/27/2010
DATE SAMPLED: REPORTED BY: A.Stirbys
Tare Weight (grams) 000 Dil (in) 1.97
Wet Specimen Weight + tare () 427.00 Area (in”) 305
Dry Specimen Weighl + lare (g) 42700 Height (in) 4.06
Weight of Water (g) 000 Volume (in’) 1238
Weight of Dry Specimen (g) 42700 Maximum Load, P (Ibs) 9,047
Weight of Wet Specimen (g) 42700
Water Content (%) 00 Compressive Strength (PS)) 2.968
Unit Weight Wet (pef) 1314 Specific Gravity 2
Unit Weight Dry (pef) 1304 Sampe Break Intact X
Unit Weight of Water (pcf) 6243 Type Fraciure
Other Break
Comments:

Deflection | Axial Strain | Compressive
Axial Load (Ibs) (inch) (inchAinch) | Siress (PSI)
d e e

0 0 000 0 00000 0
2.463 0.005 000123 808
4.724 0010 000246 1.550
7,012 0.015 0 00369 2.300
9,047 0020 0 00493 2.968

Compressive Stress versus Axial Strain Plot

N
Q
<]
a

1,500 -¢ |

1,000 |

Compressive Stress (PSl)

500 |

Qe
0.000 0.001 0.002 0.003 0.004 0.005 0.006

Axial Strain (Inch/Inch)

KLEINFELDER 14710 NE B7th St Suite 00 Redmond, WA 98052  Office (425) 636-7900 Fax (425) 636-7901 ® Janunry 2010
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N
Unconfined Compressive Strength Test ASTM D7012-09 o

PROJECT:
prosslll PROJECT NO. 1393
L JGANPLEDESCRP:  Basa
o= T SMPLENO: A7 %578
BB SANPLEN.: 4T
REPORTEDBY: ASiiys

Clackamas River

PROJECT: Clackamag River
onaomml PROJECT NO.: 113373
. BAPLEOESCRP: el
B gk SMPLENO:  CR7 257258
I B SAMPLE NO. 9775
WS BB REPORTEDBY. ASitys




191;;7..: AGS Tesling, Inc
l 7408 SW Tech Canter Dr Ste 145

il Tigard, OR 97223
O cring, e PH: 503-443-3799 F: 503-520-2748

Geo Design

Attn: Jason Bryant

15675 SW Sequoia Parkway #100
Portland OR 97224

PROJECT: CLACKAMAS RIVER INTAKE STRUCTURE JOB NOQ: 10-2827-000
LOCATION: CR-08 @ 55-6T" WORK ORDER NO: BrownCald-49-03
MATERIAL: ROCK CORES LAB NO: 51511

SAMPLE SOURCE: Site DATE SAMPLED: NG

SAMPLE PREP:

UNCONFINED COMPRESSION STRENGTH OF Rogk Coras
APPLICABLE PORTIQNS OF (ASTM D7012)

DIAMETER: 240 in MAXIMUM STRESS: 12,547 psi
HEIGHT: 5.58 in AT STRAIN; 0.99%
STRAIN RATE: .005 inches/min.
DRY DENSITY: 176.0 Ib/cu.fi
MOISTURE: 0.0%
14000 ; : -
12000
10000
‘g 800D
£
% 6000 -
4000 -
2000
0 T - ; !
0 0.01 0.02 0.03 0.04 0.05
Strain {in)

REVIEWED BY

DOUG ESQAIVEL, VI? OPERATIONS
DE#s



TEHALT
SUCHELE

ClLE
Tenttne, Jite

Geo Design

Attn: Jason Bryant
15675 SW Sequoia Parkway #100
Partland OR 97224

PROJECT:
LOCATION:
MATERIAL:

SAMPLE SOURCE: Site

SAMPLE PREP:

ACS Testing, Ine
7409 SW Tech Center Dr Ste 146
Tigard, OR 97223
PH: 503-443-3799 F: 503-520-2748

CLACKAMAS RIVER INTAKE STRUCTURE JOB NO:
CR-08 @ 59'
ROCK CORES LAB NO:

WORK ORDER NO:

DATE SAMPLED:

10-2827-000
BrownCald-49-03
5151-2

NA

UNCONFINED COMPRESSION STRENGTH OF Rock Cores
APPLICABLE PORTIONS QF (ASTM D7012)

DIAMETER:
HEIGHT:
STRAIN RATE:
DRY DENSITY:
MOISTURE:

240 in MAXIMUM STRESS: 1,727 psi

403 in AT STRAIN: 0.50%

.005 inches/min
169.4 lb/eu.ft
0.0%

2000

1800 +—-

1400 |-

1200

1000

Stress {psi)

600

400 -

200 -

1600 — —

0.01 0.02 0.
Strain (in)

Care shear break fram fracture ran full langth of core

REVIEWED BY /o /

i
DOUG ESQUIVEL, VP OPERATIONS

DEfis



ACS Testing, Inc

7408 SW Tech Cenler Dr Ste 145
Tigard, OR 97223

M e fn PH: 503-443-3799 F: 503-620-2748

SFEALT

JUHCTETR

Goo Design
Attn: Jason Bryant
15575 SW Sequoia Parkway #100

Portland OR 97224

PROJECT: CLACKAMAS RIVER INTAKE STRUCTURE JOB NO: 10-2827-000
LOCATION: CR-08 @ 60'-63 &' WORK ORDER NO: BrownCald-49-03
MATERIAL: ROCK CORES LAB NO: 5151-3

SAMPLE SOURCE: Site DATE SAMPLED: NA

SAMPLE PREP:

UNCONFINED COMPRESSION STRENGTH OF Rack Cores
APPLICABLE PORTIONS OF (ASTM D7012)

DIAMETER: 2.40 in MAXIMUM STRESS: 20381 psi
HEIGHT: 5.82 in AT STRAIN: 0.60%
STRAIN RATE: 005 inches/min.
DRY DENSITY; 1782 blcu f
MOISTURE: 0.0%
25000 ‘. e e s o
20000 { 4
= 15000 f—— = === e -
7]
&
"3
n
g
® 10000 NP
5000 v -
b ' b l
0 0.01 0.02 0.03 0.04 0.05

Strain {in)

REVIEWED BY / //
T~

10U ESEGIVEL, VP OPERATIONS
DEfjs



ACRONYMS



ACRONYMS

ASTM American Society for Testing and Materials
BGS below ground surface

CRBG Columbia River Basalt Group

HV horizontal to vertical

MSL mean sea level

psi pounds per square inch

RIPS River Intake Pump Station

RQD rock quality deslgnation

SPT standard penetration test

pm micrometer

[@TIDESIGN BrownCald-49-03:03071}
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5/2001 B-01-2001

92_PORT_ENV; File: TCSD.GPJ; 6/2:

Ropart: G

Project:  Tri-City Service District Log of Boring B8-01-2001
Project Location:  Clackamas County S
. eeft 1 of 2
Project Number:  52-00082010.09
Jatels) gz B0 chm Gy ocked JOoD
Driling  Hollow Stem Auger S floe 2" Macro Cora Bit L 3.5FT
?':'giamg & MEIS 82:'||ilrr|§ctor Geotech Exploration gﬂ?aoggrﬁéﬁalion NIA
Groundwater Level  27.0 feet bgs on 6/12/01 Melhaq) 2" California Modified Split Spoon | HAMMEr 446 16, Hammer
Borehale 14 Bentonite Chips Location
SAMPLES
o, T
_ . o> | o
o c =} T
S . ofa| = 3128
B £ § |SRc|e8| 2 | @ MATERIAL DESCRIPTION REMARKS
5. 8. L |E58%|52| £ | 8w
28 &8|8 £|Eg2(88| &2
o — =]
. F 2 |dem|de| 6 | 2
0 DARK GRAY COBBLES, some sand, very dense, [dry].
| GC | DARK REDDISH BROWN [2.5yr-3/4] CLAYEY GRAVEL, some
y | sand, medium dense, [molst). i
5__ b -
S 1| 18 | on P37 : PID=76
// CH | DARK REDDISH BROWN [2.5yr-3/4] CLAY WITH SAND,
] % | medium stiff to stiff, plastic, [moist]. =
T % | Sand content increases with depth. ’
10— / L N
"S 2 | 8 [111% / i |PiD=8.4
*s~'l GP | VERY DUSKY RED {z.sy:-z-s:ze POORLY GRADED GRAVEL,
i v'd . some cobbles, medium dense, [moist]. z
(4274
- - ‘.1 L -
LA
e 4
ML | DARK GRAY [2.5yr-4/1] SILT, stiff, [moist].

133.3% L

20 L
§ 4 | 9 le6% L

25— =
—S 5 12 |100% -

30

" 6”to 12" Thick alternating fayers of Bluish Gray S, Poorly Graded |
|. Very Fine Sand and Clay.

" Grades to Wet.

-|P1D=40.3, Note: Concrete in
Sampler

-{PID=40.7

{PID=427

URS
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LA 3R IR A T Em aEm ==

Project:  Tri-City Service District
Project Location: Clackamas County
Project Number:  52-00082010.09

Sheat 2 of 2

Log of Boring 8-01-2001

g 551 =
g
& . 4
g ] |
N
3 1 J
a ] |
(5]
a
g 60— -
w
I.LI‘
E i -
Q
a.
el 1 1
65

SAMPLES
; 330y
g yE g%
B - -} ©
5§ £ 5 259 25| 2 | B9 MATERIAL DESCRIPTION REMARKS
>0 fLas o |ane >l = oW
5% o8|y € |EGE88] 9|28
L Diloo =
35 2 2 |8ea|de| & | 52
\ ’ 4 SP BLACK [5yr-2-5/1] POORLY GRADED SAND WITH GRAVEL,
X s TRE | dense, [wet]. APID=41.3
] Boring lerminaled at a depth of 31.5 feel below ground surface ]
bgs], on 6-12-01 and backfilled with bentonite chips upon
| completion, i
35+ —
40— i
45— -

Report: G.
—
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Projact:  Tri-City Service District
Project Location: Clackamas County

Log of Boring B-02-2001

32_PORT_ENV; File: TCSD.GPJ: 6/26/2001 B-02-2001

Report: G.

5 :
-§ 1 81/11" |86.6%

| sand, very dense, [moist].

Project Number:  52-00082010.09 Sheet 1 of 2
ate(s) Logged Checked
riled’ 1201 By CNM i JOD
Drillin Diill Bit " : Total Depth
Mothey ~ Hollow Stem Auger SizefType 2" Macra Core Bit of Borehole 3M.5FT
Drill Ri Drillin . Approximale
Type O CMET75 Contracior  Geotech Exploration S ee Elegation NA
r { li - R - . H r
Sr:gunng{’evar\t/leea"s%\:d Not Encountered I\Sdaertnh%:i?g] 2" California Modified Split Spoon [ p3n™™ 140 Ib. Hammer
Eg;i%?lle 1/4" Bentonite Chips Location
SAMPLES
j o
£ o € g3
2 - ofal 2 3| 28
s £ 3 |Esz|Es| ¢ | 24 MATERIAL DESCRIPTION REMARKS
(1>J g OB o |apholaz| €1 L
2 o O 8- E |EB zlo 8 [+% o O
Le nfle 5 |585| 50| 8 |£9
0 - Z |uxa|lax| O | O
DARK GRAY COBBLES, some sand, very dense, [dry].
GC | DARK REDDISH BROWN [2.5yr-3/4] CLAYEY GRAVEL, some

Sampler

ML

BLUISH GRAY [Glet2-6/5PB] SILT, very stiff, jmoist).

66.6%|

DARK GRAY [2.5y-4/1] CLAYEY SAND, frace gravel, medium

dense, [moist].

-|PID=39.0

ML
0%

56.6%

25—
-lg 5 14

160%

DARK GRAY {2.5y-4/1) SILT, medium skilf to very sliff, [moist}.

| 6" to 12" Thick alternating layers of Dark Gray to Black Silt, Poorly 1
| Graded Very fine Sand and Clay.

of Sampler

4PID=36.3

1PID=6.3

30

APID=32.6, Note: Asphalt in Shoe of

JAPID=N/A, Note: Concrete in Shoe
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Project:  Tri-Gity Service District Log of Boring B-02-2001
aroiect Location: Clackamas County
: fole | . Sheet 2 of 2
| Project Number: _62-00082010.09
SAMPLES 25
= g E 1238
g = < 2N 25| 2 | 20 MATERIAL DESCRIPTION REMARKS
1> B S |58 83| § 245
100 oClo € |5 21 e8 % g b7
we 0% 5 |lcgedlsa| £ | =D
30 = Z |lmeo|ax| O | 9%
_§ 5 [100% L {PID=52
_ Boring terminated at a depth of 31.5 feet balow ground surface A
7 [bgs], on 6/12/01 and backfilied wilh bentonile chips upon
i | completion.
35— - —
40— - -
45 - -
50 = -
5
8 55— - =
g
m - F B
5 ] L ]
o
Q
3 60— — o
=
& | _ ]
5 = ol o
@
g L - 1
o
ﬂ.l I
iﬂ: - b
65
}




6/26/2001 B-03-2001

“32_PORT_ENV; File: TCSD.GP.;

Repoit: GF

Project:  Tri-City Service District Log of Boring 2-03-2001
Project Location: Clackamas County X
. Sheet 1 of 2
Project Number:  52-00082010.09
3(s) Logyed Checked oo
L By GNM By 3
i Drill Bit Tolal Depth
DAlNg  Hollow Stem Auger e type i Deplt M.5FT
ill Ri Drriflin Approximate
%’/;‘,'eR'g CME 75 ornn o Geotech Exploration o Iate ation NIA
Groundwater Level Sampling oy ier Hammer
ang Date Measured Not Encountered Methed(s) 2" Galifornia Modified Split Spoon Dala 140 tb. Hammer
Borehdle 114" Bentonite Chips Location
SAMPLES
. 2w
g gl | B 238
g £ 5 |26 =8| 2 | 89 MATERIAL DESCRIPTION REMARKS
Z>a Qs o |age =2l £ | Q 3
58 88|g £(Eg5|83| v |28
" 2 = |ord|lar| & | 32
e DARK GRAY COBBLES, [some sand}, dense, [dry].
GC | DARK REDDISH BROWN [2,5yr-3/4] CLAYEY GRAVEL, some Note: Wood Chips in Sampler
A | sand, medium dense, [moist]. i
5— =
8 1 21 |44.4% 4PID=3.8
§ vk >
1 7/ CH | DARK REDODISH BROWN [2.5yr-3/4] FAT CLAY, some sand,
i % | very sliff, [moisl). |
ML DARK GRAY [5y-411)] SILT, some clay, soft to hard, [molsi].
. 2 4 [17.7% {PID=6.1
i - ) 1
6" to 12' Thick alternating la of Dark Gray to Black Sit, Poorly
15— Graded Very Fine Sand and Clay _
S 3 4 |100% J{PiD=5.2
20— -
S 4 4 |100% 1PID=4.3
25— =
S 5 16  [100% 4 gg::;ilg Note: Sticks and Twigs in
J |
30

F




E project: Tri-City Service District Log of Boring B-03-2001
Project Location; Clackamas County

Project Number:  52-00082010.09 Sheet 2 of 2

-l
SAMPLES
S
c PR = Iy
A - olf«a| 2 7| 20
g £ 5 [£55[28| 2 | 9q MATERIAL DESCRIPTION REMARKS
sy 53|s £ [222(88| 5|8
(=]
(B 00 2 5|82 6 |52
l . G 12 [100% - |PID=3.5
a5 - =
l -g 7 g |100% L JPID=6.7
| |
40— — —|
I S 8 8 [100% s {PID=2.2
) P . Boring lerminated at a depth of 41.5 feet below ground surface 2!
i [bgs), on 6-12-01 and backfilled with bentonite chips upon
I X | completion. |
45— —~ .

&

1 L i
T T T
L 1 i

=
. § 55
: o - - 2
:"..(,l.
I"’
o y . -
1
8 § -
. g
Lo
@ 7 4
l#
a,
] - 4
&
i B 60— - .
N
. 2
l\.L i 1
Y
2 4
fri
5ok
[rENg - 4
B
‘-kl
o h L
ww o -
o
65

AR
Report:
r._




Project: Tri-City Service District
Projecl Location: Clackamas County
Project Number;  52-00082010.69

Log of Boring B-04-2001
Sheet 1 of 2

1B2_PORT_ENV; File: TCSD.GPJ: 67262001 B-04-2001

Raport: (

§4-8" | 0%

4PID=2.1, Note: Cancrete fn
Sampler

ate(s) L.ogged Checked
2R sr2i01 B CNM By Jop
Drillin Drll Bit Total Depth
Metho% Hollow Stem Auger SizeType of Borehgle 41.5FT
Drill Rig Drlitin . Approximale
Type CME 75 Contrgclor Geotach Exploration Su?t’ace Elevation N/A
Sroundwater Level  Not Encountered Memad 2" California Modified Split Spoon | H&M™e" 14 1. Hammer
Borefole  1/4" Bentanite Chips Location
SAMPLES N
N s 9|88
2 - o8al_z| o | 28
® £ § |E8=|eg| 2 | 24 MATERIAL DESCRIPTION REMARKS
3% o o 2 and ] 3 5 Q ]
i S; ] 0| a £ E" 2 = O ] _g [52)
uE 9tz 3 1582 k8| 5 |53
$ DARK GRAY GOBBLES, some sand, dense, [dry].
’ SM | DARK OLIVE GRAY [5y-3/2) SILTY SAND, trace gravel, very
4 | dense, [moist]. |
= X -
-S 1 50/56" [33.3% E JPID=7.2
i ? CL-ML | VERY DARK GRAYISH BROWN [10yr-3/12] SILTY CLAY WITH
_ % . SAND, lrace gravel, medium stiff lo hard, [mois!]. i
! Z _ _
L I
-S 2 26 555%% L JPID=3.7
I % 1 | 6" to 12" Thick allernating {?’ers of Dark Gray to Black Silt, Poorly |
il % | Graded Very Fine Sand and Ciay. ]
é
i é ]
15— o — o
é
- 3 5 [100% ’// - JPID=2.8
%
4 é . 1
H / L 4
1 é I - 7l
20— é - =
—S 4 5 |[100% é - APID=7.3
7
?
é
?
7
é
%
i

30




L R O . N B OB BN .

Project:

Tri-City Service District
Project Location: Clackamas County

Log of Boring B-04-2001
Sheet 2 of 2

B2_PORT_ENV; File: TCSD.GPJ; 6/26/2001 B-04-2001

Raport: G.

Project Number;  52-00082010.09
SAMPLES
o
c @ 2| 3%
£ - o« 2 2 8 3
@ S 5 |Saz|ee| & | Pn MATERIAL DESCRIPTION REMARKS
5% SBle 2 |222/83| 5|80
me Selz 558358 8|59
2z |omed|lac| & |52
30— 77
S 5] 27 |100% ﬁ_‘ JPiD=2.2
_ "1 8P || VERY DARK BROWN [10yr-2/2) POORLY GRADED SAND, fine
e to medium grained, meduim dense to very dense, {moist).
35— = tand
-g 7 29 - 4PID=2.8
’ | Grades with Gravels 7
40— - -
~s 8 50/3" | 0% | b o JPID=N/A

ibas], on 6-12-01 and backfilled with bentonite ! ips upon
) | completion. %
45— — —
50— = )
55— - -
60— = =
65

| Boring terminated at a depth of 41.5 feet below ?.rmmd surface




6/26/2001 B-05-2001

Raport: G

Project:  Tri-City Service District ng of Boring B-05-2001
Project Location: Clackamas Gounty
Project Number:  52-00082010.09 Sheet 1 of 2
te(s) Logged Checked
Jdlled 6/12/01 By CNM By JOD
Drilling Drill Bit Toia) Depth
Mathog  Hollow Stem Auger SizeType of Borehole 41.5FT
Drill Rig Drillin . Approximate
Type CME 75 Contrgclor Geotech Exploration Sﬂrface Elevation NA
gsr:guggtgahlneeraléeu\::ld Not Encountered a%r:;‘%lgzg) 2" California Modified Split Spoon )S:;gmer 140 Ib. Hammer
Borefiole 474" Bentanite Chips Location
SAMPLES
S0y
= gE g1273
B . o2 = | o 8
® £ 5 |[ER|(ed| 2| @ MATERIAL DESCRIPTION REMARKS
35 ow o |aga|laz| | 29
Ly o8lo ¢ €532 ] gl alea O
we olle 558858 2|59
ol Z |o@@lar| 6 | 5 =
DARK GRAY COBBLES, some sand, dense, [dry].
DARK OLIVE GRAY [5y-3/2] SILTY SAND WITH GRAVEL, very
Il | dense, [dry]. i
5 - =
-S 1 50/5.5" [11.1% + JPID=2.7
J | VERY DARK GRAY [5y-3/1] FAT CLAY, some silt, stiff to hard, |
|maist).
10 o =
~§ 2 10  {66.6%, - JPID=2.3, Nole: Asphalt in Sampter
| " Afternaling layers of Dark Grsy to Black Sitt, Poorly Graded Very
4 | Fine Sand and Clay. ]
15— - -
_S 3 50-2" | 0% L JPID=N/A, Note: Concrete in Shoe
of Sampler
4 L 4
i 1
20~ - _
S 4 50 |5.5% - JPID=NIA
=
[} E L
[=]
w
o = S o
-
lt 28 VERY DARK BROWN [7.8yr-2 /2] POORLY GRADED SAND
% 5 27 0% | WITH GRAVEL, medium dense, [moist]. _|p|D=N/A
]
W
-4 . - 1
o
B - R i A
30 AR
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Raport: G

JB2_PORT_ENV: File: TCSD.GPJ; 6/26/2001 B-05-2001

Project: Tri-Gity Service District i oy of Bm‘inq B-05-2004
Project Location: Clackamas County o
Project Number:  52-00082010.08 Sheet 2 of 2
SAMPLES
Dw
g gE g a3
5 £ 5 258 =8| 2 | B85 MATERIAL DESCRIPTION REMARKS
S% SE|a £ (225 58
=) B =]
. 2 |3es|dx| o | 52
N s | 18 |oow]® : |PiD=38
35— = -
S 7 | 30 |100% L {PID=17
i SN | VERY DARK EROWN [7.5y7-2 52 SILTY SAND WITH
40— | GRAVEL, very dense, vvel¥ _
3 8 | som a.a%":.;;__ |PID=15

65

| Boring lerminaled at a deplh of 41.5 feet below ground surface
[bas], on 6-12-01 and backfilled with bentonite chips upon
| completion.




S eniect: POt § et \ . . .
Project: Tri-City Service District Log of Boring £3.06-2001
Project Location: Clackamas County
Project Number: 52-00082010.09 Sheet 1 of 2
J& s googed  onm ghocked JOD
Drillin Drill Bit Total Depth
Melhogd Hollow Stem Auger Size/Type of Borehble 368 FT
Drilt Rig Drilling - Approximate
Type CME 75 _ Contractor Geotach Exploration SBl?!ace Elevation N/A
Groundwaler Lovel,  26.0 feet bgs on 6/13/01 Nampling, 2" California Modified Split Spoon Hammer 140 ib. Hammer
Borehidle  114” Bentonite Chips Location
SAMPLES
y ga
c o .g g123
8 . o8| = 2| 20
B £ 5 |EG=|®o|l 2| D MATERIAL DESCRIPTION REMARKS
>a e L1558l 6z 5128
2% o00|la £ |88 £18al 5 ) e
we ogle 515805|/53| 8| £9
_|F z |oc@jac] 0 [ S2
g DARK GRAY COBBLES, 50me sand, very dense, [dry].
] CH VERY DARK BROWN {10yr-2] FAT CLAY, some sand, hard,
4 / | [maist). ]
g 1| 50 [33.3% //: PID=3.0
/ CH | VERY DARK GRAYISH BROWN {10yr-3/2) FAT GLAY with gray
i % | silt mottles, hard, [moist). ]
7 |
AL SM GRAY [10yr-5/1] SILTY SAND, fine grained sand with race
] 2 59 rs'ﬁﬂk AL _ gravel, very densa, [maist]. APID=4.8
i | Grades with more Sand and Gravel. |
15— - =
S 3 85 |100%]: K lPiD=2.5
2 RUEs
] i RE |
$ ' " : ::
o 20— 4 q -
. / CH | DARK BROWN [10yr-3/3] FAT GLAY, very plastic, red sireaks in
§ gl 4 2 1100% / | sampler, very soft to soft, [moisl]. JPID=186
] /
w - -
z %
& 4 I i
[a)
S 2
g /
[ 25—
. e ML VERY DARK GRAYISH BROWN [10yr-3/2] SILT, very soft o
% | 5 6 [100% | medium stiff, [wet). V. |PID=1.1 :
oL Water Level at 26.0'
o . 3 4
EI Alternating layers of Silt, Very Fine Send and Clay.
ﬁ -] - -

eport: G
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g Project: Tri-City Service District
Project Location: Clackamas County
LProject Number: 52-00082010.09

Log of Boring B-06-2001
Sheet 2 of 2

L

w
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-
m
W

Elevation,
feet
L2} Depths

feet
Number
Sampling
Resistance,
Blows/12 in.
Percent
Recovery
Graphic Log
Lithologic Log
(USCS Code)

MATERIAL DESCRIPTION

REMARKS

100% F

T
fllﬂ Type
o
N

100%

PID=0.2

PID=1.2

w
o
L ]
...4
w
=

B2_PORT_ENV File: TCSD.GPJ; 6/26/2001 B-06-2001
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bt g g

45'-'- -.—
1 |
, 50— -
| | :
| ﬁ _

55__ -
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Baring terminated at a da?‘lh of 36.5 fest below ground surface
[bgs], on 6-13-01 and backfilled with benlonile chips upon

L completion.
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Project:  Tri-City Service District
Project Location: Clackamas County

Log of Boring B-07-2001

0B2_PORT_ENV. File: TCSD.GPJ, 6/26/2001 B-07-2001

Project Number:  52-00082010.00 Sheet 1 of 2
i e(s) Logged Checked
jod 6/13/01 By CNM . By JOD
Drillin Drilt Bit Total Depth
Mol "9 Holtow Stem Auger SizerType s Borahoio 31.5FT
Drill Rig Drillin : Approximale
Tvpe CME 75 Contiautor  Geotech Exploration A ane Elevation NIA
Groundwater Level, 24,0 feet bgs on 6/13/01 Samplite 2" Galifornia Madifled Spiit Spoon Hammer 440 Ib. Hammer
gggi?lﬁle 1/4” Bentonita Chips Location
SAMPLES .
< @S 154 §’ S
2 . ool 2| 2 | 28
5§ £ 5 125528 2 | 8% MATERIAL DESCRIPTION REMARKS
@ § 28| €[22 2183l 5|80
me o&ie 5 |588|s8| B | & ‘g
b = Z |wEod|ox| O | 3=
DARK GRAY COBBLES, some sand, very dense, [dry].
’ CH | VERY DARK BROWN [10yr-2/2] FAT CLAY WITH GRAVEL,
| _ some sand, hard, [moist]. -
5— = niid
-S 1 66/11" [88.8% JPID=2.6
107 77771 SC | VERY DARK BROWN [10yr-2/2] CLAYEY SAND WITH
A 2 22 A7 | GRAVEL, medium dense lo dense, [maist], JPID=6.0
15— il = -
p Clay content decreases.
N 3 45 77 L APID=N/A
| 7
V CH | DARK YELLOWISH BROWN [10yr-3/4] FAT CLAY, plastic, very
20 / | sof, jwet]. _
S 4 ¢ 100% % - {PID=1.2
i / - Y A\Water Level al 24.0
2 —
% ML VERY DARK GRAY [10yr-3/1] SILT, soft to medium stiff, [wet].
< 5 4 100% - JPID=25
| i Alternating fayers of Silt, Yery Fine Sand and Clay. )
30
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E eroject:  Tri-City Service District ng of Boring B-07-20601
Froject Location: Clackamas Caounty
Project Number:  52-00082010.09 Sheet 2 of 2
e SAMPLES
j 2w
5 gl | 8|33
l ¥ £ o |2ES <5l 2 | B85 MATERIAL DESCRIPTION REMARKS
%0 Bres 8 |35 > Sle|ew
KO Q| € |E® E 8§ Q o0
we olle 55886 | £9
2 z |ord|de| o |52
I 30
. 6 5  [100% L JPID=0.7
| | Baring terminated at 2 c;ralh of 31.5 feet below ground surface ]
{bas. on 6-13-01 and backfilled with bentonite chips upan
A | completion. ]
36 - -
40 — -
451 — il
50— = =
g
8 55 = —
8
© -4 + -
§ -5 o -
@ | .
(a]
a 60 - |
e
S 4
& - J
o
= 4 8 i
g
of - B =
g
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Report:”

Proiect:  Tri-City Service District
Project Location: Clackanas County

L.og of Boring B-08-2001

Sheet 1 of 1

Froject Number:  52-00082010.09
i o) snalot gyooe CNM gheoked JOD
urilling Drilt Bit Total Depth
Method  Hollow Stem Auger Size/Type of Borehole 20.0 FT
Drill Rig Drilliry N Approximate
Type CME 75 g ior  Geotech Exploration S Covation N/A
roundwater Level Sampli T . : amm:
aG‘nd Dale Measured 14 feet bgs on 6/13/01 Melh%hi}g) 2" California Modified Split Spoon Bata er 140 th. Hammer
gggi%?lle 1/4" Bentonite Chips Location
SAMPLES
i B
g gsl .| 8|23
it = =) Q
g £ s 1259 =8| 2 | BS MATERIAL DESCRIPTION REMARKS
o5 R§le £ (E2283| 5|83
ué S$|& £1588|55| B | £
olF_Z 19 ra|lax| ¢ | 52
DARK GRAY COBBLES, some sand, very dense, [dry].
i "] SM | DARK GRAY [10yr-4/1] SILTY SAND WITH GRAVEL, loose lo
A A4 | very dense, [molst]. i
5— - =
,g 1 52 L 4PID=0.0
Grades with more Gravel.
- B : L |
LR L g
10— ; e N -
: Grades to Wel with less Gravel.
E 2 5 5.5% | g JPID=0.0
; v
- 15 A = -
-.S 3 40 0% I APID=N/A
20 - =
Boring terminaled at a depth of 20.0 feel below ground surface
4 | [bgs], on 8-13-01 and backfilled with bentonite chips upon |
completion.
25— - =
30
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Project: Tri-City Service District
Project Location: Clackamas County

Project Number:  52-00082010.08

L.og of Boring B-09-2001

Sheet 1 of 2

/B2 -PORT-ENV: File: TCSD.GPJ; 6/26/2001 B-09-2001

Report: ¢

ate(s) Logged Checked
Ass sn3ion By CNM By Jop
Drillin Drill Bit Total Depth
Melhbgd Holiow Stem Auger Size/Type of Borehole 36.5FT
Drill Ri Drilling o Approximale
Type © CME7S Contragtor  Ge0tech Exploration Surface Etevation N/A
Groundwater Level Samplin " : : N Haramer
and Date Maasured Not Encounterad Meth%d{g} 2 Cahforr_lia Modified Split Spoon Dala 140 1b. Hammer
Borehole 414 Bentonite Chips Location
SAMPLES
Z S
: TIREE
B - [&]
g £ 5 1259 =8| 2 | 85 MATERIAL DESCRIPTION REMARKS
iy o5le © (22283l 5|23
we Sels 51585158 £ | £9
= Z2 |loxojocx| © )
¢ DARK GRAY COBBLES, some sand, dense, [moist].
i /A4 CH REDDISH BROWN [5yr-4/4] SANDY FAT CLAY, very sliff,
i A | [moist]. |
5- 4% - .
N 1| | PID=0.0
S 77, CH | DARK RED [2.5yr-3/4] FAT CLAY, with dark motiles, ground
] | organic malerials and areas of light to medium cementation, |
% medium shil to very stiff, [moist].
10- % B =
g 2 | 7 laaan % IPiD=00
18 / | Grades to Wet. Ml
. 3 6 33.3%/ - ' |PID=0.0
/ CH ALTERNATING LAYERS OF VERY DARK GRAYISH BROWN
20 | [10yr-3/2] AND VERY DARK GRAY [10yr-3/1] FAT CLAY. very _
plastic, very soft lo medium sliff, jwet].
A 4 2 |100% / |PID=0.0
Y %
1 % " Dark Gray altemating fayers of Silt, Very Fine Sand and Clay. "|Water Level at 24.0
251 / I~ .
§ 5 4 100% / - 4PID=0.0
) /
1 %
" 7




Report: ¢

E Project: Tri-City Service District Log of Boring 8.006-2001
Project Location: Clackamas County
. Project Number:  52-00082010.09 Sheet 2 of 2
E SAMPLES ol
: gel | 8138
. T & 5 255 28| 2 | o0 MATERIAL DESCRIPTION REMARKS
5% B%|a £ (22885 823
T JE 2 |8da SE| & |52
i 7
.. S 6 5 100%? {PID=0.0
g 7 4 [100% // - |PiD=0.0
4 | Borinr lerminaled at a depth of 36.5 feet below ground surface
[bgs], on 6-13-01 and backfilled with bentonite chips upon
l | | completion. ]
! 40— = -
] | |
. 45— - -
. 50— = =
g 55 - :
; o
l g
[1a]
" @ - _
5 _
a
. D 60— - ]
=
2 1 - ]
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I Project Number:

Project: Tri-City Service District
Project Location: Glackamas County
52-00082010.08

Log of Boring B-10-2001

Sheet 1 of 2

opged

Checked

(s) s L
ed 6113101 ) By CNM B By JOD
Drilling Drill Bit Total Depth
Method  Hollow Stem Auger Size/Type of Borehole 400 FT
Drill Rig Drilling . Approximate
Type CME 75 Contractor Geotech Exploration SuHace Elevation N/IA
| mpli . - . - H
Sraundwater Level,  24.0 feet bgs on 6/13/01 Sampling,  2” California Modified Split Spaon | p3R™™ 140 lb. Hammer
Sg;ir"-lﬂ'e 1/4" Bentonite Chips Location
SAMPLES .
< G 2|58
£ - =fn| 2| 2 | 28
I 5 |E5S| =8| 2 | 20 MATERIAL DESCRIPTION REMARKS
2% 98|l £|22%2|83| 6|23
me olle 5|568|6g| 8| £9D
ol _Z |oua er| @ | 52
DARK GRAY COBBLES, some sand, dense, [moist].
1 CH | REDDISH BROWN [Syr-4/4] SANDY FAT CLAY WITH GRAVEL,
i | with motlles of gray and dark brown areas of cementalion, stiff, i
[moist].
5_ - —
-li 1 10 |100% - |P10=0.2, Note: Some Organic
977 Malerials
105 f/ CH | ALTERNATING LAYERS OF BROWN AND GRAY FAT CLAY,
H 2 13 |5.5% / | very plastic, very soft to sliff, [moist). APID=N/A
15- / "~ Dark Gray alternating layers of Silt, Very fine Sand and Clay. N
B 3 3 100% / - {PID=0.0
20~ % | Grades to wet. =
4 4 2 100% / = 4P1D=0.0
il % 3 ¥ Water Level at 24.0°
25~ / = -
g 5 7 |100% / 3 JpID=0.0
I
1 i % I “Inote: Wood Chips at 26.5°
7

30




Project:  Tri-City Service District
Project Location: Clackamas County

Froject Number:  52-00082010.09

L.og of Boring B-10-2001
Sheet 2 of 2

82_PORT_ENV: File: TCSD.GPJ; 6/28/2001 B-10-2001

SAMPLES

Etevation,

feet
Number
Sampling
Resistance,
Blows/12 in
Percent
Recovery
Lithologic Log
(USCS Code)

w DEDth,
feet
Type

MATERIAL DESCRIPTION

REMARKS

i
@
(4]

100%

100%

W Graphic Log

1PID=0.0

4PID=0.0

40

45— —

65

Boring terminaled at a depth of 40.0 feel below I:?Irounti surface
| (bgs], on 6-13-01 and backfilled with bentanite

ips upon
complelion.

Report: €




Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

Appendix B

Field Explorations

CONTENTS
B.l  Generaluumsssissiiiaisinssssevsinmsisis s D1
B.3  Sampling.;uusecasimsssinmvs s oo s sssssssssissimessisissssssssiss D-1
B.3.1 Disturbed Sampling........ccciiiiiiiminiiiiis s B-1
B.3.2 Undisturbed Sampling ........c.coccvmininminiiissssiss i B-2
B.4 Material DeSCriptions ... s st B-2
B.5  Drill LOGS.sssussssssssasmiossssinsisassasssssssssonnsinsrsorommosunsnsasassossssssssuneoneasassasassssnssyasssassassmnsensonrs D2
B.6 Borehole Abandonment.........cciciiiiii e s B-3
B.7 In-Situ Infiltration TestiNg uaaississssssssissssisiisiisminivissiiioarasirasimaoss DO

Figures
Figure Bl1:  Drill Log, Boring B-1
Figure B2:  Infiltration Test Results, I-1
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

B.1 GENERAL

Shannon & Wilson, Inc., explored the subsurface conditions at the project site with one (1)
geotechnical boring and one (1) shallow infiltration test boring. The geotechnical boring
was designated B-1 and extended to a depth of 71.5 feet below the ground surface (bgs).
The infiltration test boring was designated I-1 and extended to a depth of 5 feet bgs. The
infiltration test was performed within approximately 10 feet of the geotechnical boring. The
approximate geotechnical boring location is shown on the Site and Exploration Plan, Figure
2. This appendix describes the techniques used to advance and sample the borings and
presents logs of the materials encountered during drilling. Infiltration testing methods and
logs are also presented.

B.2 DRILLING

Borings B-1 and I-1 were drilled on July 26, 2019, by Western States Soil Conservation, Inc.,
(Western States) of Hubbard, Oregon. Western States provided and operated a track-
mounted CME-B5 rotary drill rig to complete the borings. Mud-rotary drilling techniques
were used to advance the geotechnical boring and hollow-stem auger drilling techniques
were used to advance the infiltration test boring. A qualified Shannon & Wilson staff
member was on site throughout the field exploration program to locate the borings, observe
drilling, collect samples, and log the materials encountered.

B.3 SAMPLING
B.3.1 Disturbed Sampling

Disturbed samples were collected in the borings, typically at 2.5- to 5-foot depth intervals,
using a standard 2-inch outside diameter (O.D.) split spoon sampler in conjunction with
Standard Penetration Testing. In a Standard Penetration Test (SPT), ASTM D1586, the
sampler is driven 18 inches into the soil using a 140-pound hammer dropped 30 inches. The
number of blows required to drive the sampler the last 12 inches is defined as the standard
penetration resistance, or “N-value”. The SPT N-value provides a measure of in situ relative
density of cohesionless soils (silt, sand, and gravel) and the consistency of cohesive soils (silt
and clay). All disturbed samples were visually identified and described in the field, sealed
to retain moisture, and returned to our laboratory for additional examination and testing.

SPT N-values can be significantly affected by several factors, including the efficiency of the

hammer used. Automatic hammers generally have higher energy transfer efficiencies than

January 2020
B-1
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

cathead (manual) hammers. Western States provided an energy efficiency value for the
automatic hammer used on site, which is presented on the Drill Logs. The drill rig operated
by Western States used an automatic hammer with a calibrated energy efficiency of 85.8
percent when measured in December 2018. All N-values presented in this report are in
blows per foot, as counted in the field. No corrections of any kind have been applied.

An SPT was considered to have met “refusal” where more than 50 blows were required to
drive the sampler 6-inches or less. If refusal was encountered in the first 6-inch interval (for
example, 50 for 1.5”), the count is reported as 50/1st 1.5”. If refusal was encountered in the
second 6-inch interval (for examples, 48, 50 for 1.5”), the count is reported as 50/1.5”. If
refusal was encountered in the last 6-inch interval (for example, 39, 48, 50 for 1.5”), the count
is reported as 98/7.5”.

B.3.2 Undisturbed Sampling

An undisturbed sample was collected in a 3-inch O.D. thin-wall Shelby tube which was
hydraulically pushed into the undisturbed soil at the bottom of Boring B-1. The soils
exposed at the ends of the tube were examined and described in the field. After
examination, the ends of the tube were sealed to preserve the natural moisture of the
sample. The sealed tube was stored in the upright position, and care was taken to avoid
shock and vibration during their transport and storage in our laboratory.

B.4 MATERIAL DESCRIPTIONS

In the field, samples were described and identified visually in accordance with the ODOT
Soil and Rock Classification Manual (1987). The ASTM International (ASTM) D2488 Visual-
Manual method was also used as a guide in determining the key diagnostic properties of
soils. Consistency, color, relative moisture, degree of plasticity, peculiar odors, and other
distinguishing characteristics of the samples were noted. Once returned to our laboratory,
the samples were re-examined, various standard laboratory tests were conducted, and the
field descriptions and identifications were modified where necessary. Please refer to the
ODOT Soil and Rock Classification Manual (1987) for definitions of descriptive terminology
used in the Drill Logs.

B.5 DRILL LOGS

The summary log for Boring B-1 is presented in the Drill Logs, Figure B1. Material
descriptions and interfaces on the logs are interpretive, and actual changes may be gradual.
The left-hand portion of the Drill Log gives individual sample intervals, percent recovery,

January 2020
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

SPT data, and natural moisture content measurements. Material descriptions and
geotechnical unit designations are shown in the center of the Drill Log, and the right-hand

portion provides a graphic log, miscellaneous comments, and a graphic depicting hole
backfill details.

B.6 BOREHOLE ABANDONMENT

The borings were backfilled with bentonite chips in accordance with Oregon Water
Resource Department regulations.

B.7 IN-SITU INFILTRATION TESTING

One in situ infiltration test was completed using the Encased Falling Head Test method to
support design of stormwater infiltration facilities within the project area. The infiltration
test was performed in close proximity to the geotechnical boring location. The test was
conducted in accordance with the Clackamas County Stormwater Standards. At the
infiltration test location, a hole was drilled to the desired test depth of 5 feet using an 9-inch
outside-diameter, 6-inch inside-diameter hollow stem auger. Twelve inches of water was
then added to the bottom of the auger to presoak the soil. After the presoak period, water
was again added to the hole to return the level to 12 inches over the test surface, and the
drawdown was measured at 10-minute intervals for 1 hour. This process was repeated two
more times for a total of three trials. At the beginning of each trial, the water level was
returned to approximately 12 inches. Infiltration test results are presented in Figure B2.

Jonuary 2020
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SHANNON & WILSON, INC.
DRILL LOG Figwe B
OREGON DEPARTMENT OF TRANSPORTATION Page 1 of 2
Hole No B-1
Project Trolley Trail Bridge: Gladstone to Oregon Clty Feasibility Study Purpose Pedestrian Bridge E.A. No, N/A
Highway N/A County Clackamas Key No. N/A
Hole Location Northing: ~ 630,348 Easting: ~ 7,664,586 Start Card No. N/A
Equipment CME 55 Track Rig (Hammer Efficiency = 85.8%) Driller = Westemn States Bridge No. N/A

Project Geologist Seth Sonnier, RG

Recorder Micah Hintz

Ground Elev,

~47 ft.

Start Date  July 26, 2019

End Date July 26, 2019

Total Depth 71.50 ft

Tube Height N/A

ODOT DRILL LOG - FOR SW REVIEW 101474-003.GPJ ODOT_MANWITHSWLAB.GDT 1/8/20

Test Type Rock Abbreviations o Typical Drilling Abbreviations
"A" - Auger Core 'GP" - GeoProbe™ | Discontinyity Shape rface Rough Drillin M |.° Dalling Remarks
Y . . WL - Wire Line LW - Lost Water
-~ Auger J - Joint Pl - Planar P - Polished
] . R . HS - Hollow Stem Auger WR - Water Retum
C" - Core, Bairel Type F - Fault C - Curved Sl - Slickensided . L
YN - Standard Penetrati B - Beddi U - Undulati S - Smooth DF - Drill Fluid WC - Water Colot
) - an. ar ! enelration - Be .||1g - Undulating m - Smoo SA - Solid Augcr DP - Down Pressure
U - Undls!mbed Sample Fo - Foliation St - Stepped R - Rough CA - Casing Advaucer DR - Drill Rate
“T" - Test Pit S - Shear Ir - Irregular VR - Very Rough HA - Hand Auger DA - Drill Action
Soil  Rock Material Description Unit Description
. 5 " SOIL: Soil Name, USCS, Color, Plasticity,
s 9 [ 5 Moisture, Consistency/Relative Density, o g
4 8 g‘ -g Texture, Cementation, Structure, Grigin. g0 % 3 ]
= g &~ § EX s ROCK: Rock Name, Color, Weathering, Hardness, st £ w H - :'!3
=t & ] %”g g g« EE Discontinuity Spacing, Joint Filling, 2 g8 3 g g E
E 2 g -2 @ a ‘f g g Core Recovery, Formation Name, E’ = % = E 52 3 é
a = a Ax AOC | &2 6 | A= 8 20| @&
0 0.00 - 7.50 Mud rotary drilling L7
Silty SAND; SM; Dark technigue (5-inch hole) | %~ #
brown; Nonplastic o e
' | fines; Moist; Very P
N1 61 3.3-3 30 N-1 (2.50-4.00) Silty SAND; SM; Dark brown; Nanplastic 4 P St b,
fines; Maist; Loose; Fine sand; Trace organics; (Allvium) | Joose to loose; Fm_e A
sand; Trace organics;
A {Alluvium) £
N2 1 1-2-1 N-2 (5.00-6,50) Silty SAND; SM; Dark brown; Nonplastic Py
fines; Moist; Very locse; Fine sand; Trace organics;
(Alluvium) o
-, LS
N3 56 0-1-1 40 N-3 (7.150-9.00) Sandy SILTI'; ML; Dark brown; Nonrgladslic 7.50 - 9.50 N-3: 62,0% Fines e/ e
to low plasticily; Moist; Very loose; Fine sand, Stratifie Sandy SILT; ML; Dark
\(A;\IH:L 3] LtJ(r)n &;—lnch interbeds of Silty SAND (SM); Micaceous; brown; Nonplastic to : P)
1 o S o L7
VN 22 111 24 | N-4 (10.00-11.50) Silty SAND; SM; Dark brown: Low g’":t?:f_s"ciw’ d'f"°'31s
plasticity fines; Moist; Very loose; Fine sand; Micaceous; oft; Fine sand, “
{Alluvium) Stratified with 2 to o
4-inch interbeds of o
U1 100 25 U- 1 (12.50-14.50) Silly SAND; SM; Dark brown; Low Silty SAND (SM); U-1: 35.0% Fines; Dry /
plasticity fines; Maist; Fine sand, Micaceous; (Alluvium) Micaceous; Density=69.2 pcf ol
Alluvium) U-~1: Dry density =69.2 .7
15 N5 39 2-3-2 28 N-5 (14.50-16.00) SAND with some silt; SP-SM; Dark 9.50 - 14.50 1 pef -4
brown; Nonplastic fines; Moist; Loose; Fine sand; Silty SAND; SM: Dark 11 N-5:24.8% Fines
Micaceous; (Alluvium) ity ; SM; Dar a4
brown; Low plasticity
fines; Moist; Very iy
N6 28 2-3-3 17 | N-8 (17.50-19.00) SAND with some sik; SP-SM; Dark loose; Fine sand; N-6: 23.4% Fines 24,
brown; Nonplastic fines; Maist, Loose; Fine sand; Micaceous; s
Micaceous; (Alluvium} Alluvium) s/
20 ' " 14.50 - 23.00 .
N7 50 2-2-2 26 N-7 (20.00-21.50) SAND with some siit; SP-SM; Dark A . N~7: 15.9% Fines
brown; Nonplastic fines; Moist; Very loose to loose; Fine SAND with some silt; 7
sand; Micaceous; (Alluvium) SP-SM; Dark brown; ol
Nonplastic fines; e
Moist; Very loose to ) LY
loose; Fine sand; Gravelly material
Micaceous: inferred from drilling o
. (Alluvium) ! action encountered at i
N8 33 36-50/5" 8 N- B (25.00-25.90) Sandy GRAVEL with some silt; GP; approximately 23 feet.
Dark gray, Nonplastic fines; Moist; Very dense; Fine o 23.00 - 32,50 X N-8: 60% gravels, 30% [ 7 <
coarse subangular gravel; Fine to coarse sand; (Gravel Sandy GRAVEL with sands, 10% fines oy
Alluvium) some silt to GRAVEL s/
with some sand and ‘
silt; GP/IGP-GM; Dark ¢/ <
gray; Nonplastic o/
U o T 50/1st 6" N-9 (30.00-30.50) GRAVEL with some sand and sil; gnes, _I\n'g:‘s;,tviry ' s
GP-GM; Dark gray; Nonplastic fines; Maist, Very danse; ense; 0 coarse i
Fine to coarse subangular gravel; Fine to coarse sand, subangular gravel;
(Gravel Alluvium) Fine to coarse sand; il
"\(Grave! Alluvium) e
32.50 - 52.00 e
GRAVEL with some
s a4
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Figure  B1

ODOT DRILL LOG - FOR SW REVIEW 101474-003.GPJ ODOT_MANWITHSWLAB.GDT 1/8/20

80

85

texture; Heavy iron
staining; (Sandy

River Mudstone)

71.50
End of hole

Project Name Trolley Trail Bridge: Hole No. B-1 Page 2 of 2
Soil Rock Malerial scriptio Qnil Qggcriglicm
. g > SOIL: Soil Name, USCS, Color, Plasticity,
5 g [a) é Moisture, Consistency/Relative Density, " g
Z S 2 -z Texture, Cementation, Structure, Origin. = B = ]
= o ~ 8 | B s ROCK: Rock Name, Color, Weathering, Hardness, =  » &2 | .5
5| 2| 5| 2| EB | &g Discontinuity Spacing, Joint Filling, 2128 2 T | EE
-3 K g z2a | 2% g = Cote Recovery, Formation Name, g T35 g 58 é E
Al & | & |Ax' B8 |82 S | 82 5 2A| BE
35 N10 67 39-36-30 8 N-10 (35.00-35.50) GRAVEL with soma sand and lrace sand and trace to b~ | N-10: 68% gravels, 26% /
sifl, GP; Dark brown with some dark gray and red-vellow | gome silt: GP/GP-GM: |° Gﬂ sands, 6% fines e
gravel, Nenplaslic fines; Moist; Very dense; Fine to Dark * N lasti o)) -
coarse subangular to subrounded gravel; Fine to coarse ark gray; Nonplastic = 0 ”we
sand; (Graval Alluvium) fines; Moist; Very 5O o
dense; Fine to coarse |, 6“ 5
subangular gravel; )D o
L 0 Fine to coarse sand; Qq Y,
N11 | o 50/1st 6" N-11 (40.00-40.50) No recovery (Gravel Alluvium) i 0 e
)C) o e
DO C )
a Bo o/
}Q D )
- 45 b 7
N12 17 37-25-23 N- 12 (45.00-46.50) GRAVEL with trace sand; GP; Dark ° Qﬂ
gray; Moist; Dense; Fine lo coarse subangular gravel; D b
Fine to coarse sand; (Gravel Alluvium) r::O D 8
4 [BE A8
) e/
o D
OO ( e/ .
O TNE] o 50/1st 3" N- 13 (50,00-50,30) No recovery o(\e P
o) Dr v .
L) L)
52.00 - 57.50 ‘o
Sandy SILT with trace
to some gravel; ML; Y
i5 Olive-gray to /e
N14 | 100 12-25-24 N- 14 (55.00-56.50) Sandy SILT with trace to some olive-brown with ¥,
graval, ML; Olive-gray to olive-brown wilh blue-gray and blue-gray and yellow
yellow layers; Nenplaslic to low plasticily, Moist;, Hard: |nyers; Nonp'asﬁc to .
Fine to medi S“nd:R Relict mudstone lexture; Heavy low plasticity; Moist; e’
jron staining; ver Mudston '
Won st (Bancy " Hard; Fine to medium Z/ 4
sand; Relict / e
mudstone texture; /
. L) ’
8 TR15 | 100 6-11-13 N-15 (60.00-61.50) Silty GLAY with some sand; CL; Heavy iron staining; /
Olive-gray to olive-brown; Medium plasticity; Moist; Very | |(Sandy River L
Stiff, Fine sand; Relict mudstone texture; Heavy iron dstone) ey
staining; (Sandy River Mudstone) 57.50 - 62.50 %
¥ 2 Ly
11 Silty CLAY with some
sand; CL; Olive-gray S
to olive-brown; a/
"% TNe | 100 0-11-11 47 | N-16 (65.00-66.50) Clayey SILT with some sand, MH; Medium plasticity; Atterberg Limits N-16;: [ % *
Gray to yellow-brown; High plasticity; Moist; Very Siff; Moist; Very Stiff; Fine LL=67, PL=33, P|=35 e
Fine sand, Relicl mudstone texiure; Heavy iron slaining, sand; Relict
(Sandy River Mudstone) mudstone texture; b
Heavy iron staining; P
Sandy River v d
udstone) £
0 TNT7 | 100 6-14-19 N-17 (70.00-74.50) Clayey SILT with some sand, MH; | 62.50 -71.50 &4
Dark gray to olive-brown with blue-gray layers; High Clayey SILT with
plasticity, Moist; Hard, Fine sand, Relict mudstona some sand; MH; Gray -2
texture; Heavy iron slaining; (Sandy River Mudstone) to yel!nw-browu; Higl‘l
plasticity; Moist; Very
Stiff; Fine sand;
Relict mudstone
- 75
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= 1]J SHANNON WILSON.INC.

GEOTECHNICAL AND ENVIRONMENRTAL CONSULTANTS.

Project Name:

Trolley Trail Bridge

3990 SW Collins Way, Suite 100 Job #: 101474
Lake Oswego, Or 97035 Elevation: Approx. 408 ft.
Office: 503.210.4750 Fax: 503.210.4890 Field Rep.: MXH
Location: Clackamas County, Oregon Date: 7/26/2019 |Test Hole Number: I-1
Depth to battom of hole: Dimension of hole: Test method:
4.7 feet 8" Hollow-Stem Auger Encased Falling Head Test
Depth (feet): Soil Texture:
0.0-4.7 Silty SAND (SM)
Presaturation Start Time: 7/26/2019 @ 0823
Time: Time Interval Measurement Drop in water | Infiltration rate Remarks:
{minutes): (inches): level (inches): (inches per
hour):

11:50 - 4,15 = 0.0

12:10 20 4.25 0.1 3.6

12:10 - 4.15 - 0.0

12:30 20 4.24 0.1 3.2

12:30 - 4.15 - 0.0

12:50 20 4.25 0.1 3.6

12:50 - 4.15 - 0.0

13:10 20 4.25 0.1 3.6
REV03 FIG. B2



Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

Appendix C

Laboratory Test Results

CONTENTS

Gl GENETAL..u.eseite sttt e sssars s sesass st st seass s s enses st a sttt seanen C-1
C.2  Moisture (Natural Water) CONENL .........c..ccueruerrrcneerneneeniresnesssesensesse s ssssssssssesssssseseesenes C-1
C.3 Unit WEIGht ...ttt sss s ess st b sessessass s s seessessssssases C1

C4  Atterberg Limits smmimimssima it menaintiiisssmmssismummmsmmmmssmamsesasessy C-2
C.5 Particle-5ize ANALYSIS ......coiivcruuccsiccisiisnisissessecsnssssssesssesssssssssssssssssssssssssssesssssssssseesse G2
Figures

C1 Atterberg Limits Results
C2 Grain Size Distribution
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

C.1 GENERAL

The soil and rock samples obtained during the field explorations were described and
identified in the field in accordance with the ODOT Soil and Rock Classification Manual
(1987). The samples were then reviewed in the laboratory. Physical characteristics of the
samples were noted, and field descriptions and identifications were modified as necessary.
During the course of the examination, some samples were selected for further testing. We
refined our descriptions and identifications based on the results of the laboratory tests, in
accordance with the ODOT Soil and Rock Classification Manual (1987).

The soil testing program included moisture content tests, unit weight tests, Atterberg limits
tests, and particle-size analyses. Laboratory testing was performed by Shannon & Wilson,
Inc. All test procedures were performed in accordance with applicable ASTM International
standards. Test procedures are summarized in the following paragraphs.

C.2 MOISTURE (NATURAL WATER) CONTENT

Natural moisture content tests were performed, in accordance with ASTM D2216, on
selected soil samples. The natural moisture content is a measure of the amount of moisture
in the soil at the time of exploration. Itis defined as the ratio of water weight to dry soil
weight, expressed as a percentage. Results of all moisture content tests are presented on the
Drill Logs in Appendix B. Results of the moisture content tests are also presented in this
appendix.

C.3 UNIT WEIGHT

Unit weight of one undisturbed soil sample was determined in accordance with ASTM
D7263. The test was conducted in conjunction with moisture content testing, described
above in Section C.2. Wet and dry unit weights were calculated by measuring the
dimensions of the cylindrical undisturbed sample, the sample weight, and moisture content.
Unit weight is defined as the ratio of soil weight in pounds (wet and dry) to the in-place
volume of the sample in cubic feet and is presented in pounds per cubic foot (pcf). Results
of the unit weight test are presented on the Drill Logs in Appendix B.

January 2020
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

C.4 ATTERBERG LIMITS

Atterberg limits were determined for one selected sample in accordance with ASTM D4318.
This analysis yields index parameters of the soil that are useful in soil identification, as well
as in engineering analyses. An Atterberg limits test determines a soil’s liquid limit (LL) and
plastic limit (PL). These are the maximum and minimum moisture contents at which the
soil exhibits plastic behavior. A soil’s plasticity index (PI) can be determined by subtracting
PL from LL. Results of all Atterberg limits tests are presented on Figure C1, Atterberg
Limits Results.

C.5 PARTICLE-SIZE ANALYSIS

Particle-size analyses were conducted on select samples, including one bulk streambed
sediment sample collected from the Clackamas River and provided to Shannon & Wilson by
West Consultants, Inc., in accordance with ASTM D6913. For all samples, a wet sieve
analysis was performed to determine the percentage (by weight) of the sample passing the
No. 200 (0.075 mm) sieve. For select samples the material retained on the No. 200 sieve was
then shaken through a series of sieves to determine the distribution of the plus No. 200
fraction. Results of all particle-size analyses are presented on Figure C2, Grain Size
Distribution.

January 2020
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NOTES: ) )
1) Sieve analyses were performed in general accordance with ASTM D6913, sieve wt!h_ hydrometer analyses z =]
were performed in general accordance with ASTM D422, and amount finer than #200 sieve analyses were S = 3| N
performed in general accordance with ASTM D1140 unless otherwise noted in the report. . n o) 5 O 5
2) Group Name and Group Symboal are in accordance with ASTM D2488 and are refined in accordance with 2 = S 0 3
ASTM D2487 where appropriate laboratory tests are performed. zs| 5 ?lea
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

Appendix D

Global Stability Analysis Results

CONTENTS

* Figure D1: North Abutment, Static Condition

* Figure D2: North Abutment, CSZE Seismic Condition

* Figure D3: North Abutment, 1000-Year Seismic Condition
* Figure D4: South Abutment, Static Condition

* Figure D5: South Abutment, CSZE Seismic Condition

* Figure D6: South Abutment, 1000-Year Seismic Condition
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

Important Information

About Your Geotechnical/Environmental Report

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR
SPECIFIC CLIENTS.

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared for
a civil engineer may not be adequate for a construction contractor or even another civil engineer.
Unless indicated otherwise, your consultant prepared your report expressly for you and expressly for
the purposes you indicated. No one other than you should apply this report for its intended purpose
without first conferring with the consultant. No party should apply this report for any purpose other
than that originally contemplated without first conferring with the consultant.

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS.

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider
a unique set of project-specific factors. Depending on the project, these may include the general
nature of the structure and property involved; its size and configuration; its historical use and
practice; the location of the structure on the site and its orientation; other improvements such as
access roads, parking lots, and underground utilities; and the additional risk created by
scope-of-service limitations imposed by the client. To help avoid costly problems, ask the consultant
to evaluate how any factors that change subsequent to the date of the report may affect the
recommendations. Unless your consultant indicates otherwise, your report should not be used

(1) when the nature of the proposed project is changed (for example, if an office building will be
erected instead of a parking garage, or if a refrigerated warehouse will be built instead of an
unrefrigerated one, or chemicals are discovered on or near the site); (2) when the size, elevation, or
configuration of the proposed project is altered; (3) when the location or orientation of the proposed
project is modified; (4) when there is a change of ownership; or (5) for application to an adjacent site.
Consultants cannot accept responsibility for problems that may occur if they are not consulted after
factors that were considered in the development of the report have changed.

SUBSURFACE CONDITIONS CAN CHANGE.

Subsurface conditions may be affected as a result of natural processes or human activity. Because a
geotechnical/environmental report is based on conditions that existed at the time of subsurface
exploration, construction decisions should not be based on a report whose adequacy may have been
affected by time. Ask the consultant to advise if additional tests are desirable before construction
starts; for example, groundwater conditions commonly vary seasonally.

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or
groundwater fluctuations may also affect subsurface conditions and, thus, the continuing adequacy
of a geotechnical/environmental report. The consultant should be kept apprised of any such events
and should be consulted to determine if additional tests are necessary.

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS.

Site exploration and testing identifies actual surface and subsurface conditions only at those points
where samples are taken. The data were extrapolated by your consultant, who then applied

January 2020
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Trolley Trail Bridge: Gladstone to Oregon City Feasibility Study
Preliminary Geotechnical Report

judgment to render an opinion about overall subsurface conditions. The actual interface between
materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas
not sampled may differ from those predicted in your report. While nothing can be done to prevent
such situations, you and your consultant can work together to help reduce their impacts. Retaining
your consultant to observe subsurface construction operations can be particularly beneficial in

this respect.

A REPORT'S CONCLUSIONS ARE PRELIMINARY.

The conclusions contained in your consultant’s report are preliminary, because they must be based
on the assumption that conditions revealed through selective exploratory sampling are indicative of
actual conditions throughout a site. Actual subsurface conditions can be discerned only during
earthwork; therefore, you should retain your consultant to observe actual conditions and to provide
conclusions. Only the consultant who prepared the report is fully familiar with the background
information needed to determine whether or not the report's recommendations based on those
conclusions are valid and whether or not the contractor is abiding by applicable recommendations.
The consultant who developed your report cannot assume responsibility or liability for the adequacy
of the report’s recommendations if another party is retained to observe construction.

THE CONSULTANT'S REPORT IS SUBJECT TO MISINTERPRETATION.

Costly problems can occur when other design professionals develop their plans based on
misinterpretation of a geotechnical/environmental report. To help avoid these problems, the
consultant should be retained to work with other project design professionals to explain relevant
geotechnical, geological, hydrogeological, and environmental findings, and to review the adequacy of
their plans and specifications relative to these issues.

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED
FROM THE REPORT.

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled
by site personnel), field test results, and laboratory and/or office evaluation of field samples and data.
Only final boring logs and data are customarily included in geotechnical/environmental reports.
These final logs should not, under any circumstances, be redrawn for inclusion in architectural or
other design drawings, because drafters may commit errors or omissions in the transfer process.

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be
given ready access to the complete geotechnical engineering/environmental report prepared or
authorized for their use. If access is provided only to the report prepared for you, you should advise
contractors of the report’s limitations, assuming that a contractor was not one of the specific persons
for whom the report was prepared, and that developing construction cost estimates was not one of
the specific purposes for which it was prepared. While a contractor may gain important knowledge
from a report prepared for another party, the contractor should discuss the report with your
consultant and perform the additional or alternative work believed necessary to obtain the data
specifically appropriate for construction cost estimating purposes. Some clients hold the mistaken
impression that simply disclaiming responsibility for the accuracy of subsurface information always
insulates them from attendant liability. Providing the best available information to contractors helps
prevent costly construction problems and the adversarial attitudes that aggravate them to a
disproportionate scale.

January 2020
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READ RESPONSIBILITY CLAUSES CLOSELY.

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is
far less exact than other design disciplines. This situation has resulted in wholly unwarranted claims
being lodged against consultants. To help prevent this problem, consultants have developed a
number of clauses for use in their contracts, reports, and other documents. These responsibility
clauses are not exculpatory clauses designed to transfer the consultant’s liabilities to other parties;
rather, they are definitive clauses that identify where the consultant’s responsibilities begin and end.
Their use helps all parties involved recognize their individual responsibilities and take appropriate
action. Some of these definitive clauses are likely to appear in your report, and you are encouraged
to read them closely. Your consultant will be pleased to give full and frank answers to your
questions.

The preceding paragraphs are based on information provided by the ASFE/Association of
Engineering Firms Practicing in the Geosciences, Silver Spring, Maryland

January 2020
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INTRODUCTION

The City of Gladstone plans to build a new pedestrian bridge over the Clackamas River at the location
of the former Gladstone Trolley Bridge. The former steel truss bridge had to be demolished in March
2014 after a significant flood in the Clackamas River undermined the pier foundation on the Oregon
City side of the river, causing the bridge to lean. A bridge had been in this location since 1892 and
was replaced in 1908 by the bridge that remained in this location until 2014. Scour mitigation repair
work had been completed in the early 2000’s but concerns of additional undermining were raised in
2013. A bridge location map is shown in Figure 1 (all figures are provided in Appendix A). This report
summarizes the hydraulic designs and scour assessments conducted for the proposed bridge

alternatives.

Five proposed bridge design alternatives were provided by David Evans & Associates (DEA). All five
alternatives follow the same general horizontal path alignment which is generally the same as the
former railroad bridge. The bridge foundations have not be designed but would be expected to
consist of drilled shafts or driven steel piles. The abutments for all alternatives will be aligned with
the flow of the river. The minimum low chord elevation for all options is 51.4 feet at the south
abutment. All elevations in this report are referenced to the North American Vertical Datum of 1988
(NGVD 88), unless stated otherwise. Table 1 summarizes the length, width, number of spans and

bridge type for each alternative.

Table 1. Bridge Alternatives

Alternative | Length (ft) | Width Number of Spans Bridge Type
No. (ft)
1 365 19 1 Steel Truss (tall)
2 365 19 3 Prestressed Concrete Girder
3 365 19 3 Steel Girder
4 365 19 1 Steel Arch
5 365 19 3 Steel Truss (short)

For hydraulic design purposes, Alternatives 1 and 4 are considered to be the same bridge and are

referred to as Alternatives 1/4. Alternatives 2, 3, and 5 are also considered to be the same design



hydraulically and are referred to as Alternatives 2/3/5. Preliminary plans for Alternatives 1 through

5 are provided in Figure 2 through Figure 6, respectively.
RESEARCH

The contributing drainage area for the Clackamas River at the bridge site is 942 square miles. The
watershed varies in elevation from about -4 feet just upstream of the bridge site to approximately
7,215 feet at the summit of Olallie Butte located near the southeast corner of the watershed. The
mean annual precipitation over the watershed is approximately 73 inches (USDA, 1998). The nearest
USGS stream gage (No. 14211010 Clackamas River near Oregon City, OR) is located approximately
4,500 ft upstream of the project site and has annual peak flow data from water years 2002 to 2017.
A historic UGSG gage (No. 14211000 Clackamas River near Clackamas, OR) was located approximately
4 miles upstream of the project site and has annual peak flow data for water years 1912, and 1963 to

1983.

A Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) is available for
Clackamas County, Oregon (FEMA, 2008) which includes the Clackamas River. The portion of the
Clackamas River at the project site was studied by detailed methods. Peak flows and regulatory
floodplain and floodway elevations are available for the bridge site. The effective model for the

Clackamas River obtained from FEMA included only the output information and no input geometry.

Bridge plans were not available for the former railroad bridge. Information needed for incorporating
the bridge into the hydraulic model was obtained from historic descriptions and photographs
available from the Clackamas County Historical Society (CCHS, 2019). The superstructure consisted
of a 260-ft long central steel truss span and two jump spans (of unknown length) located at each end
of the bridge. The piers were located at each end of the central span and consisted of 3’-10” diameter
circular steel tubes connected by a partial height concrete web wall and steel cross bracing. The piers
were founded on 9 ft wide octagonal shaped concrete footings connected by a 2 ft wide web wall.
The high and low chord of the bridge was obtain from the flood profiles provided in the FEMA (2008)
study. The south pier is no longer present at the site; however, the concrete footing for the north
pier is still present and was included in the survey for the bridge site. The jump spans were assumed
to be 30 feet in total length supported by 1 ft diameter piers at 10 ft spacing. This assumption is
based on a historic photograph of the bridge (Figure 7) obtained from CCHS website.

The City of Lake Oswego constructed a new raw water intake tower along the right bank of the
2



Clackamas River approximately 150 feet upstream of the proposed location for the Trolley Trail
Bridge. The intake was completed in 2015 and replaced the previous intake that was built in 1968.
The failure of the south pier of the railroad bridge in 2014 was thought by some to have been caused
by the construction of the new raw water intake. It is possible that the coffer dam that was used
during construction of the intake increased the hydraulic forces on the south pier of the railroad
bridge, exacerbating the ongoing undermining of the pier. However, in its current configuration, the
raw water intake tower is not expected to detrimentally impact the hydraulic conditions at the

proposed bridge site.
REGULATORY STANDARDS

The proposed bridge structure will be located within a regulatory (FEMA) floodplain and floodway.
FEMA and county regulations require that any proposed development within the floodway not result
in any increase in the 100-year base flood elevation. It is understood that the proposed bridge will
also need to comply with Oregon Department of Transportation (ODOT) guidelines (ODOT, 2014). For
a bridge located in a regulatory floodplain, a minimum of 1 foot of clearance above the 100-year base
flood is desired. For bridges that are subject to large woody debris, a minimum of 3 feet of clearance
is desired. According to the ODOT Hydraulic Manual (2014), because the bridge is located in a
regulatory FEMA floodplain, the design flood for the proposed bridge crossing over the Clackamas

River is the 1-percent annual chance (100-year recurrence interval) event.
SITE INVESTIGATION

A site investigation of the bridge was conducted by Hans Hadley, P.E., WEST Consultants, Inc., on June
11, 2019. A subsequent visit was made on September 27, 2019 to collect a bed material sample. A
survey of the area and existing bridge was made by DEA. Seven cross sections were surveyed: two
sections downstream of the bridge, one each at the upstream and downstream face of the bridge,
and three sections upstream of the bridge. Nine additional cross sections were available from a
previous survey conducted by WEST Consultants, Inc. (WEST) and KPFF Consulting Engineers for the
Clackamette Park Boat Ramp Project located approximately 1,200 ft downstream of the project site.
The cross sections were incorporated into the study to account for backwater associated with the
Willamette River and the Highway 99E bridge. A plan view showing the location of the cross sections

is shown in Figure 8. A photographic log of the project area is presented in Appendix B.



Observations made during the site investigation are summarized as follows:
1) Lateral Channel Stability

The channel banks along the north side of the Clackamas River appear to be
moderately stable and generally well vegetated; however, some erosion was noted
along the bank toes. A siltstone bedrock outcropping was observed beneath the pier

foundation for the former railroad bridge and showed signs of minor erosion.

The channel banks along the south side of the Clackamas River appear to be less stable.
This area is a point bar feature composed of erodible alluvial material that is
susceptible to channel migration. The bank material at the proposed bridge site is
composed of sand-, gravel, and cobble-sized material and is considered to be erodible
under high flow conditions. A photograph of the former south bridge pier (Figure 9)
from August 2013 indicates that significant erosion of the bank material had occurred

at this location.
2) Aggradation/Degradation

No signs of long-term channel aggradation or degradation were observed. However,

the bridge site is subject to episodic deposition and erosion during large flood events.
3) Manning’s n

The Manning’s n value for the main channel of the Clackamas River is estimated to be
0.045. The overbank area Manning’s n values were estimated to range between 0.07
and 0.12. These values were selected based upon the investigator's judgment and

experience.
4) Riprap

Broken concrete rubble was observed along the south bank near the former railroad
bridge pier location. A riprap and root wad revetment was observed along the left

bank approximately 500 feet downstream of the proposed bridge site.



5) Bed Material

The stream bed and bank material of the Clackamas River is generally comprised of
sand-, gravel, and cobble-sized material. One shovel sample of sub-armor bed material
was obtain from the exposed bar located upstream of the bridge site. A grain-size
distribution (Figure 10) was developed for the sample by Shannon and Wilson. The Dso

of the sample material is 68 mm. The maximum particle size is 150 mm.

Siltstone bedrock was also observed along the right bank at the bridge site and

upstream at the site of the raw water intake tower.
6) Evidence of Scour

Other than the observed concrete rubble bank protection and historic pictures of the

partially undermined south pier, no other evidence of channel scour was observed.
7) Pier Alignment

The existing north pier foundation is aligned with the flow of the river. No other piers

were present at the time of the site visit.
8) Hydraulic Controls

The Willamette River is located approximately 4,300 feet downstream of the project
site. It is tidally influenced at the confluence with the Clackamas River. The Highway
99E Bridge is located approximately 2,800 feet downstream of the bridge site. This

bridge creates a backwater influence at the project site during high flow conditions.
9) High Water Marks

No high water marks were observed near the bridge.
10) Debris

Large woody debris was not observed at the project site. However, large debris is
transported by the Clackamas River and has been observed downstream in
Clackamette Park. Additionally, information from the Clackamas County Historical
Society indicates that “drift of logs, timber and trees is quite considerable” (CCHS,

2014)



11) Bed Forms

No dune bed forms were observed. Pools and riffles are present along the project

reach.
HYDROLOGY

The available 15 year record of discharges for USGS gage No. 14211010 Clackamas River near Oregon
City, OR is insufficient for conducting a reliable flood frequency analysis. Discharges for the 10-, 50-
, 100-, and 500-year flood events were obtained from the effective hydraulic model that was used for
the detailed FEMA study (FEMA, 2008). The FEMA discharges were developed using data from the
discontinued USGS gage No. 14211000 Clackamas River near Clackamas, OR. The FEMA discharges
were used for the hydraulic model and are shown in Table 1. The 2-year discharge was estimated by

extrapolating the FEMA discharge on Log-Probability graph paper.

Table 2. Peak Discharges for Bridge Site (from FEMA, 2008).

Recurrence Interval Discharge
(years) (cfs)
2 38,0001
10 65,000
50 95,000
100 110,000
500 145,000

1. Extrapolated using Log-Probability graph paper
HYDRAULICS

The U.S. Army Corps of Engineers River Analysis System standard-step backwater computer program
(HEC-RAS Version 5.0.7) was used to compute the bridge hydraulics (U.S. Army Corps of Engineers,
2019). The cross sections extracted from the survey data were used to develop the hydraulic models
of the bridge reach. The cross sections were selected to adequately model flow contraction and
expansion through the bridge opening. Channel and overbank resistance values were selected based
upon the investigator’s experience and judgmént. Two downstream boundary conditions were
evaluated with the hydraulic model, a with-backwater condition and a without-backwater condition.
The with-backwater condition accounts for backwater from the Willamette River and was used to
evaluate freeboard for the bridge. The without-backwater condition produces higher velocities and
was used to evaluate scour conditions for the proposed bridge. The with-backwater downstream

boundary water surface elevations were obtained from the effective FEMA flood profiles. The

6



without-backwater boundary condition was set to a normal depth slope of 0.000535. The selected
normal depth slope results in a water surface elevation of 44.5 feet at FEMA cross section A, which is

the same as the published “without floodway” base flood elevation for this cross section.

As previously stated, Alternative 1 is essentially the same design hydraulically as Alternative 4.
Similarly, Alternatives 2, 3, and 5 are essentially the same design hydraulically. Therefore, a single
hydraulic model was developed to represent Alternatives 1 and 4 (referred to as Alternatives 1/4) and
a single hydraulic model was developed to represent Alternatives 2, 3, and 5 (referred to as
Alternatives 2/3/5). Hydraulic models were also developed for natural (no bridge or roadway) and
existing conditions. For purposes of the no-rise analysis, existing conditions includes the steel truss
railroad bridge the formerly occupied the project site, since this bridge was in place when the FEMA

study was conducted.

Neither the 100-year base (design) flood nor the 500-year check flood will overtop the superstructure
for any of the proposed alternatives. However, the bottom chord of the superstructure is submerged
approximately 4.5 feet below the 500-year check flood elevation at the south abutment. The 100-
year flood is 3.2 and 3.1 feet below the low chord of the bridge for Alternatives 1/4 and 2/3/5,
respectively for the with-backwater conditions. Water surface profiles for the existing and proposed
conditions alternatives are shown in Figure 11 through Figure 13. Water surface elevations at the
downstream bridge face for existing conditions and each alternative are shown in Figure 14 through

Figure 16. Summary tables of HEC-RAS output for the bridge design are presented in Appendix C.

A hydraulic data sheet for the proposed bridge alternatives for the with-backwater conditions is
provided in Table 3. As seen in the table, Alternatives 1/4 and 2/3/5 will not cause an increase in
backwater for the 100-year base flood compared to the existing condition. Backwater is reduced by
0.07 feet for Alternatives 1/4 and is the same as existing for Alternatives 2/3/5. A hydraulic data sheet

for the proposed bridge alternatives for the without-backwater conditions is provided in Table 4.



Table 3. Hydraulic Data Sheet for the Proposed Bridge Alternatives (with-backwater).

Existing Alternatives Alternatives
(W/RR trestle) 1/4 2/3/5
Deslgn Check Design Check Design Check
\iase} Flood (Base) Flood (Base) Flood
Flood Flood Flood
Recurrence Interval (yrs) 100 500 100 500 100 500
Discharge (ft3/s) 110,000 | 145,000 | 110,000 | 145,000 | 110,000 | 145,000
Approach Section H.W. Elevation
' 48.35 56.09 48.35 56.09 48.35 56.09
with Natural Channel® (ft)
Approach Section H.W. Elevation | 0 oo | 541 | 4846 | 5638 | 4856 | 56.50
with Bridge (ft)
Backwater (ft) 0.21 0.32 0.11 0.29 0.21 0.41
H.W. Elevation at Upstream Face | 4o 00 | 5615 | 4835 | s612 | 4845 | s6.24
of Bridge? (ft)
H.W. Elevation at Downstream 4834 | 5598 | 4834 | 5598 | 4834 | 55.98
Face of Bridge? (ft)
Waterway Area at Downstream | 14 707 | 13052 | 11,152 | 13,335 | 10,818 | 12,958
Face of Bridge* (ft?)
Average Cross Section Velocity at
Downstream Face of Bridge (ft/s) 195 e 3.5 105 10.2 11.2

! Approach section located at River Station 4036. 2 Located at upstream face of bridge opening.

3 Located at downstream face of bridge opening. * Area normal to channel centerline.




Table 4. Hydraulic Data Sheet for the Proposed Bridge Alternatives (without-backwater).

Existing Alternatives Alternatives
(w/RR trestle) 1/4 2/3/5

Design Check Design Check Design Check

(Base) Flood (Base) Flood iBase) Flood

Flood Flood Flood
Recurrence Interval (yrs) 100 500 100 500 100 500
Discharge (ft3/s) 110,000 | 145,000 | 110,000 | 145,000 | 110,000 | 145,000
Approach Section H.W. Elevation

41.46 45.15 41.46 45.15 41.46 45.15
with Natural Channel® (ft)
Approach Section H.W. Elevation | =/, 5, | 4567 | 4158 | 4536 | 41.78 | 4565
with Bridge (ft)
Backwater (ft) 0.28 0.47 0.12 0.21 0.32 0.50
H.W. Elevation at Upstream Face | 4 o9 | 4557 | 4145 | 4508 | 4165 | 4536
of Bridge? (ft)
i, Eleuatiofiak Sownstream 4141 | 4503 | 4141 | 4503 | 4141 | 45.03
Face of Bridge? (ft)
Waterway Area at Downstream

67 7

Face of Bridge® (ft?) 8,593 9,675 8,876 10,038 8,588 9,710
Average Cross Section Velocity at
Downstream Face of Bridge (ft/s) 128 150 12.4 14.5 fee 1

1 Approach section located at River Station 4036. 2 Located at upstream face of bridge opening.
3 Located at downstream face of bridge opening. # Area normal to channel centerline.

SEDIMENT TRANSPORT

Sediment transport conditions within the project reach were evaluated using the Sediment Transport
Capacity module in the HEC-RAS model. The Meyer-Peter and Muller (MPM) sediment transport
formula was selected since it was developed using larger sediment sizes similar to those observed at
the project site. The grain size distribution for the sediment sample taken from upstream of the
bridge site was used for the analysis. Sediment transport capacity was computed for the 2-year flow
at each cross section in the hydraulic model. Table 5 summarizes the calculate sediment transport
capacity for natural conditions, Alternatives 1/4, and Alternatives 2/3/5. As seen in the table, the
sediment transport capacity is not significantly altered by the proposed bridge alternatives compared
to natural (no bridge) conditions. Also, the transport capacities computed for the cross sections
bounding the bridge site are less than the capacities of the upstream cross sections. This suggests
that the bridge site would not be expected to experience significant long-term degradation based on
the current geomorphic conditions at the project site. However, it should be noted that future large

flood events could alter the morphology of the channel from its current condition, which could intern
9



alter the sediment transport conditions in the project reach.

Table 5. Sediment Transport Capacity Calculated for the 2-year Peak Discharge

Cross Section Natural Conditions Alternative 1/4 Alternative 2/3/5
(tons/day) (tons/day) (tons/day)

4884 11,270 11,250 11,150
4404 6,355 6,341 6,276
4036 6,743 6,730 6,670
3812 5,059 5,051 5,011
Bridge

3790 5,410 5,402 5,402
3487 8,067 8,067 8,067
3174 5,502 5,502 5,502

SCOUR CALCULATIONS

Contraction Scour

Contraction scour was evaluated for the 500-year discharge for the without-backwater condition. To
determine if live-bed or clear-water contraction scour would occur for this flow, Laursen's equation

(FHWA, 2012) was used:

V. = 111703, )s (Do )5

where y1 is the depth of the approach channel section (XS 4036); Dso is the median diameter of the
bed material, observed as approximately 0.22 feet (68 mm); and V,, the critical velocity for incipient
motion of bed material in the approach section, is calculated to be 12.2 ft/s. Since the approach
section velocity of 16.8 ft/s is greater than the respective critical velocity, Laursen's live-bed scour

equation (FHWA, 2012) was used to compute the contraction scour:

3 K
»_ [Q_Mz]
B g o, W,
where y> is the calculated average observed depth in the contracted section (XS 3812); Q1 and Qz are
the flows in the upstream section that is transporting sediment, and in the contracted section; W1 is

the top width of the upstream main channel; W is the top width in the contracted section; and ki is

an exponent, 0.64, based on the ratio of the bed shear velocity at the approach section to the settling
10



velocity of the bed material. The contraction scour, ys = y2 — yo, was computed to be 1.2 feet and 2.3
feet for Alternatives 1/4 and Alternatives 2/3/5, respectively. Parameters used for computing

contraction scour are summarized in Table 6.

Table 6. Summary of Contraction Scour Parameters

Alternative Vi \e Y Yo Q Q Wi W2 Ys
(f) | (ft/sec) | (/) | () | (cfs) (cfs) (1) | (ft) (ft)

1/4 34.4 12.2 37.9 36.7 | 133,049 | 143,370 265 251.8 1.2
2/3/5 34.7 12.2 38.9 36.7 | 132,890 | 142,723 265 243.8 2.3

Pier Scour
Alternatives 2/3/5 will have two interior bents each consisting of a single 4-foot diameter circular
pier. A pier scour depth of 13.5 feet was estimated using the Colorado State University (CSU) equation

(FHWA, 2012):

a \0-65
y. = 2.0 K, K,K; (—) Fr)®y,
Y1
where K; is correction factor for pier nose shape, 1.0 for circular cylinders; Kz is a correction factor for
angle of attack of flow, 1.0 for piers aligned with flow; Kz is a correction factor for the bed condition,
1.1 for plane bed condition; y: is the flow depth immediately upstream of the bridge, 42.6 feet; Fry is
the Froude number immediately upstream of the bridge, which is computed to be 0.39 (Fri1 =
V1/(gy1)®®); and Vi is the velocity immediately upstream of the bridge pier, 14.5 ft/s. It is assumed
that the channel thalweg could migrate to either pier location. Therefore, the maximum depth and

maximum velocity for the upstream face cross section were used to estimate pier scour.

Aggradation/Degradation

Historic data was not available from which to determine the change in channel bed elevation over
time. Signs of long-term degradation were not observed during the site reconnaissance. However,
approximately 200 feet upstream of the bridge, the channel thalweg is approximately 7 feet lower
than the thalweg at the bridge site. Due to the close proximity and similar hydraulic conditions, it is
assumed that the channel could degrade to a similar depth at the bridge site. Long-term degradation

was assumed to be 7 feet.
Total Scour

The total scour is equal to the addition of the contraction scour, pier scour, and long term
11



degradation. Results of the scour evaluation are summarized in Table 7. Scour elevations at the
downstream bridge face for the proposed bridge Alternatives 1/4 and Alternatives 2/3/5 are shown

in Figure 17 and Figure 18, respectively.

Table 7. Summary of Scour for the Proposed Bridge.

Return | Contraction | Long-term Pier | Total | Thalweg Total
Alternative Period Scour Degradation | Scour | Scour | Elevation Scou.r
(ft) (ft) (ft) (ft) (ft) Elevation
1/4 500 years 1.2 7.0 n/a 8.2 2.7 -5.5
2/3/5 500 years 2.3 7.0 13.5 22.8 2.7 -20.1
ABUTMENT PROTECTION

Due to a history of channel migration along the south bank, abutment protection is recommended
for the south abutment. The north abutment will be located landward of the bridge pier footing for
the former railroad bridge which is founded on siltstone bedrock that is moderately resistant to
erosion. The stability of the north bank should be evaluated by a geotechnical engineer to determine

if additional erosion protection is needed for this location.

Abutment riprap protection was designed assuming ODOT and HEC-11 criteria. According to the
ODOT Hydraulics Manual (2014), the abutment protection is to be sized for the 100-year discharge
and checked against the 500-year discharge to ensure the riprap will remain in place during a larger

flood. Riprap size was computed using the following ODOT equation:

_ 0.001CV2
N A KT

where Dsp is the median riprap particle size in feet, C is a correction factor (a stability factor of SF =

1.7 was selected to account for potential turbulent mixing flow at the bridge abutment and impacts

from debris, resulting in a C of 1.69 (C=(SF/1.2)1'5); Vs is the average velocity in the main channel, davg

is the average flow depth in the main channel, and:

i 6 2 0.5
K1=<1 St )) = 0.53

~ (sin®)?
where 0 is the bank angle with the horizontal, 33.69 degrees; and ¢ is the riprap angle of repose, 41

degrees. The riprap is expected to have a side slope of 1.5H on 1V.

Using the above equations, the Dso calculated for each of the alternatives for the 100-year event
12



corresponded to ODOT Class 2000 English riprap size. The check flood event (500-year recurrence
interval) indicates that the stability factor (SF) for Class 2000 riprap is greater than 1.0 for the
proposed bridge alternatives. Parameters and results of the riprap sizing calculation for each

proposed bridge alternative are summarized in Table 8.

Table 8. Summary of ODOT Riprap Sizing for Each Proposed Bridge Alternative.

. Va Davg D50 .
Alternative C 0 K K ODOT Riprap Class
(#t/s) | (ft) ¢ | % | (in) prap
1/4 1.69 13.1 | 32.5 | 33.69° | 41° | 0.53 21 2000
2/3/5 1.69 13.5 | 32.4 | 33.69° | 41° | 0.53 23 2000

Riprap gradation requirements for Class 2000 riprap are shown in Table 9. The minimum
recommended blanket thickness (T) for Class 2000 riprap is 4.0 ft. Figure 19 shows the ODOT typical

riprap blanket section that is recommended for use with Class 2000 riprap.

Table 9. Class 2000 Riprap Gradation.

Percent by Weight | Class 2000 Stone Weight (lb)
20 2000 - 1400
30 1400-700
40 700-40
10-0 40-0

SUMMARY

Hydraulic and scour evaluations for the proposed bridge alternatives over the Clackamas River were
conducted. Neither the 100-year base (design) flood nor the 500-year check flood will overtop the
superstructure for any of the proposed alternatives. However, the bottom chord of the
superstructure would be submerged approximately 4.5 below the 500-year check flood elevation at
the south abutment. The 100-year flood is 3.2 and 3.1 feet below the low chord of the bridge for
Alternatives 1/4 and 2/3/5, respectively for the with-backwater conditions. Alternatives 1/4 and
2/3/5 will not result in an increase in the FEMA 100-year base flood elevations. A FEMA No-Rise

Certification is provided in Figure 20.

The sediment transport capacity of the Clackamas River is not significantly altered by the proposed
bridge alternatives compared to natural (no bridge) conditions. Also, the transport capacities
computed for the cross sections bounding the bridge site are less than the capacities of the upstream

cross sections. This suggests that the bridge site would not be expected to experience significant

13



long-term degradation based on the current geomorphic conditions at the project site. However, it
should be noted that future large flood events could alter the morphology of the channel from its

current condition, which could intern alter the sediment transport conditions for the project reach.

Scour calculations were conducted for 500-year recurrence interval flood. The total scour, shown in
Table 7, is 8.2 feet for Alternatives 1/4 and 22.8 feet for Alternatives 2/3/5 resulting in total scour

elevations of -5.5 feet for Alternatives 1/4 and -20.1 feet for Alternatives 2/3/5.

Abutment protection is considered necessary for the south abutment. Using ODOT criteria for riprap
revetment, a Dso of 21 inches and 23 inches was calculated for Alternatives 1/4 and 2/3/5,
respectively. This corresponds to ODOT Class 2000 English riprap. The stability of the north bank
should be evaluated by a geotechnical engineer to determine if additional erosion protection is

needed for this location.
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APPENDIX A
FIGURES
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Figure 7. Photograph of Historic Railroad Bridge
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Figure 9. Photograph of Historic Railroad Bridge South Bridge Pier (prior to emolition)
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Figure 20. FEMA No-Rise Certification

CERTIFICATION OF A “NO-RISE” DETERMINATION
FOR A PROPOSED FLOODWAY DEVELOPMENT

City of Gladstone & Trolley Trail Bridge Replacement
Oregon City (Alternatives 1,2,3,4,6&5)
Community Name Development Name

Clackamas River

Trolley Trail Bridge

Lot/Property Designation

City of Gladstone

Property Owner

| hereby certify that the proposed replacement bridge project for Trolley Trail Bridge over the
Clackamas River will result in no loss of conveyance and no increase in backwater (as seen in Table 3),

during the occurrence of the 1-percent-annual-chance exceedance (100-year flood) discharge.

| further certify that the data submitted herewith in support of this request are accurate to the best
of my knowledge, that the analyses have been performed correctly and in accordance with sound

engineering practice.

01/07/2020

Date

[EPiREs:_&/30/z021 ]

Engineers Stamp



APPENDIX B
PHOTOGRAPHIC LOG
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APPENDIX C
HEC-RAS OUTPUT



Natural Candition Profiles

Reach River 5ta_|Profile Min Ch EI {W.S, Elev |critw.s. |E.G.Elev |E.G. Slope |Vel Chnl _|Vel Total Froude i Chl
Jireset) ) [l
TroleyTrail 0,000535 7.59 45 0.24
TrolleyTrail 0,000535 8.24 4.72 0.24
TrolleyTrail 0,000168 5.02 287 0.14
TrolleyTrall .16] _0.000097 4.31 234 011
TrolleyTrail 27.34 14.96] 27.8] 0.000535 5,62 4.29 0.22
TrolleyTrail 3Bi1+ 23e4|  3959] 0000536 7.57 43| 2558002 300.73] 168685 318 0.24
TrolleyTrail 43.15| 296]  43.79] 0.000505 7.98 4.52| 32087.85 300.73] 195837 35,67 0.24
TrolleyTrail 65| 23sa|  4809] 0000161 4.9 2.79] 39456.7 30073 217305 40,38 0.14
TrolleyTrail 29.6] 5619 000011 4,58 2.44] 5947356 300,73]  2544.24 4852 0.12
TrolleyTrail 27.43 1541]  27.95] 0.000607 5.94 4.49] 84626 300.73] 136849 18.95 023|
TrolleyTrail 569] 100-yr 110000 359 38.89)  24.39] 3991 0.000808) 5.1 5,55 19837.04 308.05|  1823.05 30,37 0,13
TralleyTrail 56]500-yr 145000 359  azss|  27sy]  ada3 o.mouos' 9.89| 5.91| 24515.08 308.05] 18625 34,47 0.3
TrolleyTrail 569[100-yr BW | 110000 399  47.78]  2439] 48.21| 0.000265 6.19 3,66] 30025.21 308.05]  1917.48 39.26 0.17
TrolleyTrall 569|500-yr BW | 145000 3.99 5602 2757]  s6.24] 0.000132 4.96 2.61] s55629.87 308.05]  2174.16 47.5 0.13
TrolleyTrail 569]2-yr 38000 3.99 27.64 16.42]  28.13] 0.000618 585 434| 8755.13 30805] 702,03 19.12 0.24
TrolleyTrall 877]100-yr 110000 -0.31 3899] 2258] 40.34] 0.000887 599 683] 16103.58 283.12] 173482 33.43 0.3
TralleyTrail 77| 500-yr 1a5000] _ 031]  4305| 2586  4461| 0000923  1102] !.EL 19912.sai 283.12] _1786.79 ?g' o_az'I
TrolleyTrall 377]100-yr BW | 110000 -0.31 47.79]  22.58] 4s3s| ooo0317 £.97 .49] 2451793 283.12] 182447 42.24 0.19
TrolleyTrail 7 |mvr BW | 145000 031 56.04] 2586 56.3| 0.000146] 5.31 283,12  2223.64 50.49] 0.1-§|
TrolleyTrail 8772yt 38000 -0.31 27.82 13.32 28.3] 0,000487 5,69 28312 44494 22.27 0.21
|
Trol rail E' Bridge
TrolleyTrail 1112] 100-yr 110000 -403]  4001] 1888|4082 0.000486 7,57 572] 1922304 3775 171337 3485 0.23)
TrolleyTrail 1112500y 145000 03]  a428] 2188 4525 0.000521 8.47 6.09] 2380239 3715' 178031 39.12 0.24
TrolleyTrail 1112[100-yr BW | 110000 409] 2824 1888] 48es|  o0.0002] 5.6 3.92] 28069.24
TrolleyTrail 1112{500-yr BW | 145000 -4.09 56.4]  21.88| 56.8] 0000127 5.01 2.81] 51589.51]
TrolleyTrail 1112|297 38000/ -4.09 282 1066  2849] 0000275 4.32 42| 9036.91
TrolleyTrail 1327 100-yr a.87 39.97] 2565] 4105] o0.000925] 8.89 6.49] 1693835 391,89 lsssqsl 21,57 0.3
TrolleyTrail 1327 500-yr 487  asa1] 2846 45.4|  0.00077 8.96 6.04] 23995.57 391.89 1598.4/ 32.01 0.28
TrolleyTrail 1327]100-yr BW asr|  4m3s] 2565 487| 0000252 5,54 3.63] 2034102 391.89 1725 35.95 0.16
TrolieyTrail 1327 500-yr BW 87|  ses4] 2846] s6.71| 0000162 5,08] 3,18] 4558831 391.89]  3159.22 44.05 014
TrolleyTrail 1327]2-yr 487 2809 1849] 2868 0000902 6.16 6.16] 616558 384.74 625,96 16.04 0.27
“TrolleyTrail 1516 100-yr 110000 509] aoA7|  2637]  4124] 0000389 5.7;{ 4.07] 27035.69, 440.51] 25073 26.71 0.2
‘TrolleyTrail 1516]500-yr 145000 603]  4sps] 2mss|  45.56] 0000277 5,37] 34| 37215.83 440.51]  2569.72 31.09 0.17
TrolleyTrail 1516]100-yr BW | 110000 509] ames| 2637  as7s] 000009 3.23' 2.44] _45097.87 440.51]  2734.09 34.48 0.1
TrolleyTrail 1516]500-yr BW | 145000 6.09 56.75] 0.000052 2.87 2.17| 66776.05 440.51]  3065.97 42,5 0.08
TrolleyTrail 1516 2-vr 38000 6.09 6.08 6.08] 6254.36 429.86] 184025 14,55 0.28
TrolleyTrall 1895]100-yr 110000| 647]  aoss]  2631] arav] 0.00056s 7.01 3z.84] 173351 27,65 0.24
TrolleyTrall 1895|500-yr 145000 647]  4524] 2921 45.74] 0.000435 6.78 392,54| 193633 32 0.21
TrolleyTrail 1895 [100-vr BW | 110000 647 an63| 2631 a4nA2| 0.000M45] 418 35675.45 392.94] 196952 3539 0,12
TrolleyTrail 1895{500-vr BW | 145000 647]  s665] 2921]  56.79] 0.000087 3.72 2.73] 53196.39 392.94]  2387.83 43.01] 0.1
TrolleyTrail 18951 2-yr 38000 5,47 2862] 1851 19131 0.000927 6.26 6.26] 607292 360.74| 139294 15.95] 0,28
TrolieyTrall 2243]100-yr 110000/ 78]  a107] 2278 19832.02 159296} 25.94 0.25
TrolleyTrail 2243]500-yr 145000 78] 4537 30.6/ ! 171547 30.24 0.22
TrolleyTrall 2243 100-yr BW | 110000 7.8 48.67 1731.29 33.54 0.13
TrolleyTrail 2243]500-yr BW | 145000 7.8 56.66 | 5683 0.000102] 241051 41.53] 0.11
TrolieyTrall 2243[2-yr 38000 78 28 93 | 2561 0.001176] 1326.27 14.4 0.31
TrolleyTrail 3174]100-yr 4135 42.65| 0.001058 9.21 876
TrolleyTrail 3174|500y 45.25 4693] 0.001134 10,48 985
TrolleyTrail 3174 100-yr BW 48,52 49.29] 0.000456/ 7.13 663
TrolleyTrajl 3174500-yr BW 56.35 57.2] 0000382 7.53 £33
TralleyTrail 3174 2-yr 30,07 5.58
TrolleyTrail 3487]100-yr 94| 4119
Trol rail 3487 500-yr 9.4 44.92
TrolleyTrail 3487 | 100-y7 BW 94| 4834
TrolleyTrail 34!?|5€0\lr BW 9.4 56.12
TrolleyTrail 3487 2-yr 9.4 30.22
]
TrolleyTrail 3730] 100-yr X
TrolleyTrail 3790] 500-yr 48.56] 0.001982 320.25 35.92 0.46
TrolleyTrail 37490 100-yr BW 50,01] 0.000838 342,94 39,32 0.3
TrolleyTrail 37490 500-yr BW 57.93] 0.000794 379,38 46.91 0.3
TrolleyTrail 3750 2yt 31.27] 0.000752 ] 80.83 2163 o.l_r._l
TrolleyTrail 3812 100-yr 110000 74] a1 3| 43.99] 0.001585 13.14 12.48] lau_at 25181 04
TrolleyTrail 3812|500-yr 145000/ .74]  a4.87 4861] 0.001951 156 14.61] 952145 25181 0.46
TrolleyTrail 3612] 100y BW | 110000] 74 48.24 50.03] 0.000831 10.8 9.96
TrolleyTrail 3812|500-yr BW | 145000 7 55.83 57.96] 0.000791] 1183 10,33
TrolleyTrail 3812] 2.9t 38000 2.74 30.58] 31.29] 0.000713 6.77 664
TrolleyTrail 4036100-yr 110000 43 0.0023]  14.59 1165
TrolleyTrail 4036] 500-yr 145000 43 0.002642] 1688 13,12
TrolleyTrail 4036[100-vr BW | 110000 4.3 0.00112 11.66 876
TrolleyTrail 2036]500-y7 BW | 145000 43 ! . o0o0%63] 1226 87 i . .
TrolleyTrail 4036]2-yr 38000 23] 3055 19.08] 3161] 0001347 831 7.63]  4978.97 265)  apsi3 15.56 033
TrolleyTrail 4404] 100-yr 110000 1L45]  a3eg 45.26] 0.001032 995 7.56] 14545.98] 332.1]  630.84 75.01 033
TrolleyTrail 4404 500-y7 145000 1145] 4825 50.03] 0.001105] 1131 8.31] 1744946 342.1 70617 33.39 0.35
TrolleyTrail 4404 100- 110000 1145] 4974 50.66] 0.000543 8.16] 5,04] 185113 342.1 713.58 34 88 0.24
TrolleyTrail 44045 145000 1148] 5752 5849 _0.000452 8.52 6.02] 24089.21 32| 72006 42.66 0.23
TrolleyTrail 2404|241 38000 1145] 3143 32.05| 0.000913 6.45] 5.46] 6958.15 342.1]  sE3z2 15._5‘ 0.28
TrolleyTrail 48841 100-yr 110000 1152 4363 46.31] 0.002024] 1389 10.29] 1068736 25.09] 0.45
TrolleyTrail 4884] 500-yr 145000| 1152 47.8| 5125| 0002203] 1584 33.26 0.48)
IrollgyTrall
TrolleyTrail 4884[100.vr BW | 110000]  1152] 4951 51.26] 0.001055 11.34 34.57 0.34
TrolleyTrail 4884|500-yr BW | 145000 1152] 5719 59.05] 0.000885 11.85 4265 032
TrolleyTrail 2884 2-yr 38000 1152 3165 32.77] 0.001612 87 1711 0.37
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Min Ch &1 [W.S Elev [critw.s, [£6. Elev |£G. Stope |Vel Chal Froude if Chl
1 in ] (i3] (VAL (L]
TrolieyTrall 51| 100-yr 110000 181 38.83 23.13 39.47| 0000535 7.59 24447.41 0.24
TrolleyTrail 51| 500yt 145000 1.81 42.95 26.92 4367| 0000535 8.24 472 307271 35.76| 0.24
TrolleyTrail 51]|100-yrBW | 110000 181 47 sl 23.13 48.05| 0.000168 502 40.61 0.14
TrolleyTrail 51{500-yr BW | 145000] 181 56 26.92 56,16 0.000057] 431 2.34] 61908.71 AREY 0.11
T rafl I EE 38000 1.81. 27.34 14,96 27.8| 0000535 562 20.15| o2z}
TrolleyTeall 110000/ 214 35.98/ 23.64]  39.59] 0.000536 751] 43| 258502 30073] 168685 315 0.24
TrolleyTrall 145000 214 43.15' 29.6/ 43.79| 0.000505 7 ill 452| 32087 35| 300,73]  1998.37 35,67, 0.24
TrolleyTrail 110000 2,14 47.86 23,84 48.09| 0.000161 43 39456.71 30073| 217305 4038 D14
TrolleyTrall 145000 2.14 56.01 29.6 56.19| 0.00011 4.58] 244 4057 0.12
TrolleyTrail 38000 2.14 27.43 15.41 27.95| 0.000607 5.94 4.49 19.95 0.23
TroeyTrail 24.39 39.91| 0.000808] 8.1 5.55 3037 029
TreleyTral 27.57 44.13| 0.000806] 583 5,91 3847 03
TrolleyTrad 24.39 4821 0.000265) 6.19 3,66 39.26 017
TrolleyTrall 569 500-yr BW 27.57 5624| 0.000132 2.96| 261 ; 47.5 013
TrolleyTeall 569]2-yr 27.64 16.42 28.13| 0.000618! 585 434] srssa3 308.05 702,03 19,12 0.24
TrolleyTrail 877 100-yr 110000 031 8.99 22.58] an.3s| 0.000887! 559 683 16103.58 283.12| 173483 03
TrolleyTrail 877]500-yr 145000] -0.31 43.05/ 25 ssl 44.61| 0.000929 11,02 7.26] 19972.58 283.12]  1786.79 032
TralleyTrail 877]100-yr BW | 110000 031 4779 22.58 48.38| 0000317 6397 4.48] 24517.93 283.12) 182447 0.19|
TrolleyTrail 877|500y bW | 145000 431 SH.04 25.86 56.3] 0000146 531 2.85] 508678 283.12] 222364 0.13]
TrolleyTrail 877 24t 35000 031 27.82 13.32 28.3| 0.000487 5.69 4391| 774506 283,12 444.94 22.27 a1
TrotleyTrail 995 Bridge
TrolleyTrall 1112 | 100-yr 5.72] 1922304 372.5] 171327 34.85 0.23]
TrolleyTrail 1112 500-yr sml 2330239 377.5] 178031 10.12 024
TrolleyTrall 1112} 100-yr BW 3.92| 28069.24 377.5] 1828.48 43.07 0.15
TrolleyTrall 1112|500.yr BW 21.88/ 56.8] 0.000127 2.81] 51589.51 377.5 zn_ﬁ.ual 51.24 012
TeolieyTrall 1112 2-yr 38000 4,09 282 10.66) 2B.49] 0.000275/ 432 42] 803691 377.5] 459.02 23.04 0.16
TrolleyTrall 1327] 100-yr 110000 487 39.97 25.65 4105] 0.000925 B.63 6.49] 16938 95 391.89] 1565.16 2157 0.3
TrofleyTrall 1327 | S00-yr 145000 4.87 44.41 2845 a5.4| 000077 8.96 6.04] 23995.57 !!usl 15984 201 028
TrolleyTrail 1327[100-yr BW | 110000] 487 4835 25.55 48.7] 0000252 5.54 3.0)1 30381.02| 39189 1728 35.95] 0.16
TrolleyTrall 1327|500yr BW | 145000 487 56.44 28.46 56.71] 0.000167 508 318 4558831 391.!9' 3159.22 44.05 0.14
TrolleyTrall 1317I2-w 38000 4.87 28.09 18.49 2068| 0000902 6.16 6.16] 6169.58 384.74 625.96 16.04 027
I
TroleyTrail 6.049 40.87 2637 4124] D.ODO3ES 5.75 4,07| 2703569
TrolieyTrall 609 A5.26] 28,58 45.56] 0.000277| 537 3.8] 3721581
TrolleyTrail 6.09 4865/ 26,37 48.76|  0.00003] 328 2.48] 45097.87)
TralleyTrall 6.00 56.66/ 2898 56.75| 0.000052 2.87 2.17| 66776.05!
TrolleyTrall 1516 2-yr 38000 6.09 28.28/ 1877 26.86] 0.00097 6.08 6.08] 6254.36
TrolleyTrail 647 40.89 2631 4147| 0000565 7.01 5.25| 2094619 392.94 1733.51 2?% 0.24
TrolleyTrail 6.47 45.24 29.21 45.74] 0.000435 6.78 l,o‘il 29061,52 392.94]  1936.33 3z 0.21
TrolleyTrall 4863 76,31 4882| 0.000 3,08] 35675.45 392.94]  1969.52 1539 012
TrolieyTrail 56.65 2921 56.79| 0.000087 392.94] 2387.83 43.41 0.1
TrolleyTrall 2862 1891 29.23| 0.000927 3§0.74] 139294 15.95 028
TrofeyTrail 2243]100-yr 41.07 27.78 41.69| 0.00064 7.15 19832.02 414.48]  1592.96 0.25
TeolkeyTrall 2243 4537 30.6 4592| 0.000496 6.96 5.35| 27112.48 414.48] 171547 0,22
TrolleyTrail 2243 4867 27.78 48.88| 0.000168 434 335 azsod 414.48) 1731.29) 0.13}
TrolleyTrait 2243 56 66/ 30.6! 56.83] 0.000102 3.91 298| 4B715.18) 414.48]  2410.51 0.11
TrelleyTrail 2243 2893 19.08 2861 0.001176) &gl 6.6 5753.3-5| 399.96| 1326.27 0.31]
|
TrolieyTrall 3174 41.65| 0.001058] 5321 §76] 1255261 4587 5447 32|
TrolleyTrail 3174 46.53] 0001134 10.48 585| 1471583 4587 564 0.34
TrolleyTrall 3174] 100-yr BW 49.29] 0.000456 7.13 663 16587.72 458.7 582,15 0.22
TrolleyTrail 3174]500-yr BW 57.2| 0.000382 7.53 6.39] 2268929 458.7 :LCI7G.25| 021
TrofleyTrail J:‘m_lzwr 30,58| 0000902 5.77 568]  6689.78 454, 499.67 0.27
TrolleyTrall 3487| 10041 110000 94 41.19 43,§| 0p01836| 1173 1096 1003335 350.8 424.04 638 0.4
TrolleyTrail 3487 | S00-yr 145000 9.4 45.92| 47.7| 0001813 13,5 12.46| 11635.47 3508 435.09 30.01 043
TrolleyTrail 3487[3100-yr BW | 110000 a4 4834 49.62| 0000724 9.16 832| 13713.47| 350.8 48887 3343 028
TrolleyTrail 3487|500-yr BW | 145000 9.4 56.12 57.51| 0.000605 9.64 794| 182708 350.8/ 778,52 4121 026
TrolleyTrail 3487 |21 38000 2.4 30.22 3098| 000121 7.04 683] 556114 3508 390.36 153 032
TrolleyTrall 3790]100-yr 4141 2687, 44.06] 0.001559) 13.1 12.4] 887337 255.6) 3187 325 041
TrolleyTrail 3750/ 500-yr 45.04 30,5 48.72| 0.001939] 1548 14.48| 10018.56) 255,65/ 330.9 35.13| 0.45
TrolleyTrall 3790 100-yr BW 48,34 26.87 s0.1] 0000828 1073 9.93] 11073.63 2556 343.24 39.43 03
TrolleyTrail 3790| 500-yr BW 55.38 30.5 58.07| 0000785 1175 10,71| 13533.18] 255.6 380.18 A7.07] 0.3|
TrolleyTrail 3790 2-yr 30.55 17.65 31.28| 0.000751 685 671 5671.07 255.6 280.85 21.64 0.26
TrolleyTrail 3801 Wrid|
TrolieyTrail 3812]100-y7 110000 2.74 4161 265 4423| 0.001539 13,02 12.37| #4959 251.81 308.08 33.25) 0.4
TrolleyTrail 3812 {500-yr 145000t 2.74 45.34 30.17| 48.97| 0.001864 15.38 14.44| 10040.76 251,81 326.7 36.98) 045
TeolleyTrall 3812 100-yr BW | 110000 2.74 4845 26.5] 50.22| 0.000B15 10.73 29| 1101185 251.81 340.21' 40.09 03
TrolleyTrall 3812|500-yr BW | 145000 274 56.12 30.17 0000773 11.79) 10.77] 1345937 251.81 477.29 47.76 03
TrolleyTrail 3812|291 38000 2.74 30.62 17.18) 0.000709 676 663| 5734.86 25181 z.?d.:gl 22.25 n.zsl
TrolleyTeail 41.74 M{ 2477] 0002224  14.44 265 m% 30.75 0.46
TrolleyTrail 45.62 34.68 49.57| 0.002515 16 62 61 0.5
TrolleyTrall 48.56 30.78 50.48] 0.001093 116 0,33
TrolleyTrall =43 5641 3368 58.44] 0.000938 12.16 0.32
TrolleyTrail 43 mssl 13.08 31,65] 0001337 B39 033
TrolleyTrall £404] 100y lloum[ 1145 44,08 45.25] n.wluusl 47 7.49] 14685.08 3421 641.2 2922 [EH]
TrofleyTrail 24041 500-yr 145000 1145 48.55] 5034 0.001066 11,19 82| 1769337 34214 712.49] 33174 034
TrolleyTrail 3404|100vrBW | 110000] 1145 49.93 50.84| 0.000532 8.11 55| 1864545 3421 71377 35.07 0.24
TrolleyTrail 4404{500-yr BW | 185000 1145 578 58.76] 0000841 845 597] 2429551 3421 721.34 42,95 0323
TrolleyTrall 8404|291 38000 1145 3147 32.09] 0.000905 s.d% 5.44]  6979.32 342,1 58335 16.61 0.28]
TrolleyTrail 4384 46.4a| 0.001971 13.77 10.19] 10790.47 2416 473.77 29.3 045
TrolleyTrall 48,15 51,51 0002123 15.68) 11.17] 1297964 24131 529.87
TrolleyTrall 49.7 51.63| 0001034 11.26 7.97] 13802.43 - 2416| 53232
TrolieyTrall 57.88 59.31] 0.000864 1176/ 807 17977.51 Nui wml
TralleyTrail 1152 31.69 328] 0.001601 s68] 7.15] s317.35 2816 418,16
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Alternatives 1/4 Profiles
Reach River Sta Min Ch El

Vel Tot Flow Ares | Tog W Chnl |Top Width |Hydr Depth C | Froude # Chl

4.5 2444741
&32] 307271
2.87] 38340.84

2.34] 6190871

4.259| 885721

3898) 2384| 39.59] oooosas| 757 43| 2558902 300.73| 168685 315 0.24
43,15 29.6]  4379] 0.000505 7.58 4.52| 3208785 300.73] 199837 35,67, 0.24
4706]  23es]  4wos]| 0oooisl 49 2.79] 3945671 300.73] 217305 4038 0.4

55.01 298] 56.19] 000011 4.58 2.44] 59473.56 30073 258424 ansz 012
27.43] 1541]  27.95] 0.000607 5.94 44| 84626 30073 138849 15.85 D23

TrolleyTrail 51
Trail 51
TrolleyTrail 51

TrolleyTrall
TrolleyTeail

TrofleyTrail
TrolleyTrall
TrolleyTrail
TrolleyTrall
TraloyTrall

TrolleyTrail
TrolleyTrall
TrolleyTrail

Tmilﬂ‘lriﬂ
TrolleyTrall

1.81
1.81
1.81

ELE ] 2438 35.91| 0.000808 9.1 5.55| 19837.04 | 308.05 1823.05 30.37. 0.29
4293 27.57) 4413 0.000806 9.89 591| 24519, Oﬂ 308.05 1862.5 34.47 0.3
43,78, 1439 4B21| 0,000265 6.19 3.66] 3002531 308.05 1917.48 38.26 0.17
56.02 27.57, 56.24| 0000132 4,95 261 5562087 308.05 11?‘.15' 478 013
27.64 1642 28.13| 0000618 585 4.34] B75513 30805 702,03 19.12 0.24

40.34] 0.000887) 953 6.83 28312
44.61| 0.000929 11.02 7.26!
48.38 5,97
56.3
283

16103.58) 1733.82 3343 0.3

178678 375 032
182447 4224 0.19
223364 50,49 0.3
444.94 2227 021

TrolieyTrail 877] 100-yr
TralleyTrail 877 | 500-yr
TeolloyTrail 8771 100-y1 BW
TrolleyTrall 8771500-yr BW

TralleyTrall B87712-yr
TrolleyTrall 495) Bridge

TrolleyTrall 1112 100-yr
TrofleyTrall 1112 | S00-yr
TIQ!HTNII 1112} 100-yr BW
TrolleyTrall 1112 | S00-yr BW
TfHTfﬂn 1112 2-yr

TrolleyTrail
TrolleyTrail
TrolleyTrail

TrolleyTrall
TrolleyTrail

TralleyTrall
TrolleyTrall
TrofeyTrall
TrolleyTrail

TrolleyTrail

TrolleyTrall
TrolleyTrail
TrolleyTrail
TrolleyTrall
Tmh'lmll

TrolleyTrail
T Trall
TrofleyTrall
TrolicyTrail
TrolleyTrail 2243]2-yr

TraeyTrail 3174
TrolleyTrall
TrolleyTrall

TrolleyTrail
TrelleyTrail

283.12

5.72] 19223.04 377.5 171337 34.85] 0.23
6.09] 2330239 377,5| 1780.31 39.12 0.2a

3.92| 28069.24
2.81| 5158551
4.2] 803651

6.49| 16938.95
6.04] 7399557
3.63] 3034102
3.18] 4s58A31
6.16 6169.58

a07] 2103569 aa051] 25073 26,11 0.2

38| 3721583 aa0.51]  2560.72 31.09) 0.17]
2440 4505787 440,51 2734,09 34.# 0.1
2,17 66776.05] 44051| 306537 ufl 0.08)
6.08

184025 1355/ 0.28

1733.51
1936.33
196952

1387 83
1392.94

Y _{ﬂs 25.94 0.25]

1715.47 30.24 022
s14.48] 1731.29) 33.54 0.13
414.48 2410.51 41,53 011

399.96 133627 144 031

W.Igl 2631
A5.24 2921
43 63 26.31
56,65 29.21

2862 1891

32806
15.18

| 298] aemsaal

8.76] 12552.61 4587 5847 25.59 032
4693 0001134 10.48 9.85| 1471593 4587 564 29.49 034
4929 0000456 7.13 6.63| 16587.72 4587 582.15 32.78] 0.22

57.2| 0000382 7.53 6.39| 72689.29 458.7 107635 4058 021
30.58| 0.000902 537 S.HE 6583.7!' 4587 439.67 143 027
TrolleyTrail 3487 100-yr 110000| 94 4118 43.3| 0.001636 11.73 10.96| 1003335 350.8 424.04 26.28 04
TrolleyTrall 3487 | S00-yr 145000 54 44.892 47.7] 0001813 13,5 12.46] 11635.47 3508 43509 30.01 043
TrolleyTrail 3487 100-yr BW 110000 54 48.34 4962] 0.000724 3. ﬂ 232] 1331347 350.!' dnh 57 3343 1]}

TrolleyTrail 3487 | 500-yr BW 145000 9.4 56.12 57.51| 0.000605 5.64 7.94 !Hml JSD.Bl 778.52 41.21 026
TrolieyTrail 3487)2-yr 38000 9.4 3022 3098| 000121 T.04 683] 5561.14 350.8 390,36 15.3 0.32
| | |

3174

T rall 3790 100-yr 2406] 00016 5 BA74.65 2556/

TrolieyTrall 3750| 500-yr
TrodeyTrail 3790]100-yr BW
TrolleyTrail 3790 500-yr BW

TrolleyTrall 3790| 2-vr

312.87

13892.81
6.7] 567107

TrofleyTrall e

T rail 38121 100-yr 110000 .74
TrolleyTrall 3812]500-yr 145000 2.74
TrolleyTrail 3812]100yrw | 110000 2.74
TrolieyTrail 3812 |500-yr BW | 145000] 2.74

A 3 10.23
TrolleyTrall 3812|2-yr 38000 2.7 30.59 17.18 313| 0000712 S.7;I X
| |

TrolleyTrall -4.3 41.58 30.78 44,65 DO0FZ67 14.53
TrolieyTrail -4.3 4536 34.68 45.38| 0.002584

TrolleyTrail 43 4846 30.78 50.39
TrolleyTrail 43 56.38 34.68 58 42 0.000394

TrolteyTrail 3] __3056] 1908] 31.62] 0.001345] 831
TrolleyTrall 4404(100-yr 110000 1145 23,98 45.34] 0001021 9.92 7.53| 14604.78) 3421 640.76 29.1 0.32}

TrolleyTrail 4404 |500-yr 145000] 1145 484 50.17] 0001088]  11.26] 526/ 3a21] 7100 3358 034
[TrolleyTrail 420410047 BW | 110000] 11451 4984 %0.75] 0.000637 813 592 3421 n;_as] uﬂ 024
3a21] 72131 42,92 023
3az1] 5826 16,59 0328

TrolleyTrall m|smr W 145000 1145 57.78) 58.74]| 0000442 846 5.97)
TrolleyTrail 4404|2-yr 350001 1145 3144 37.06] 0000911 644 546
TrolleyTrail ABB4 ) 100-yr 110000 11.52 43.72 45:3!' 0.003001 13,84 10.25) A 1316 479.29 29.!3! 0.45]
TrolleyTrail 4184 | S00-yr ! A 51.37| O.DIXIET 15.76 241;’ 528,25 3341 0.48

TrolleyTrail 4854' 100-yr BW 5134 0001045 11,3, X 241.6! 532.22 35.06 0.34
TrolleyTral 2884 T BW 1177 8.07] 1796261 7416 54087 4291 032
TM!‘TIIII ANEL | 2-yr 0.001605 57 7.16] 5307.16 415! Aiﬁ} 1712 0,37

854787 251.81
251.81
251.81
251.81 477.27|

25181 m.g[

11142.77
12605.72
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Altarnatives 2/3/5 Profile
Reach RiverSta |Profle ]G Total |MinChEl [W.5 Elev |Gt W.s. |EG. Elev |EG. Slope |VelChnl |vel Total |Fiow Aren |Top W Chnl |Top Width |Hydr Depth € |Froudo® Chi
cfs) i) 3] fi] (1] s, 5q ft| i L i
TraieyTrall 51]100-yc 110000 181] 3me3a| 23.13] 39.47| 0000535 7.59, 45| 2044741 30953  1793.07 31.64 024
TrolleyTrall 51]500-yr 145000] 181  a295] 2692 43.67| o.ooosss' 8.24 42| 3o7274] 309.53] 222292 3576 0.24
TrolleyTrail 51[100.yrBW | 110000 181 478| 23.13] 4805 0000168 5.02 2.87] 3834084 309.53] 235545 4061 0.14
TrolleyTrall 51|500.yr 8w | 145000 181 56]  2692]  56.16] 0.000097 431 2.34] 6190871 309.53]  2769.16 a8 81 011
TrolleyTrail 51| ¥ 38000/ 181] 2734 14.96| 27.8]_0.000535 562 4.29] 8857.21 309.53] 129516 20.15] 022
! ==
TrolieyTrall 1:_0&1 214  3898]  23m4] 39501 0000536 7.57 25589.02 30073] 168585 318 0.24
TralieyTrail 145000 2.14] 4315 296 43.79& 0,000505 .88, 1998.37 3567 0.24
TrofieyTrail 110000 214  a786] 23]  48.09] 0.00016% ] 40.38] 014
T rall 278|500-yr BW | 145000 2.4] 5601 296] 5615 cooon 4852 0.12
TrolleyTrail as_o_ml 2.14]  27.43 15.41]  27.95] 0,000607 19.95 0.23
TrolleyTeall uml 399] 3se9]| 2439] 3991] 0000808 30.37 029
TrolieyTrail 145000 399| 4289] 2757]  44.13] 0000806 34.47 03
TrolieyTrail 110000 399]  azia|  2439]  a8.21] 0000265 39.26] 017
TrolieyTrall 145000 3.99]  56.02 27.57] _ s&24] 0000132 47.5 0.13
TralleyTrall 38000 399] 2760] 1642] 28.13] 0000618 19.12 024
TralieyTrail 110000 031 3899  22.58|  40.34| 0000887 355 683 16103.58 28302  173aEa| 3343 03]
TrolleyFrail 145000 031 4305]  2586] 4461 0.000529] 1102 7.26| 1997258 283.12| 178679 37.5 032
TrolleyTrail 110000 031] 4779] 22.58] 4E3B| 0000317 6.97 4.49] 24517.93! 283.12] 182447 4224 0,19
TrolleyTrall 8771500y BW | 145000 031  sep4] 2586 56.3] 0000146 531 2.85]  50867.8 283,12  2223.64 50.49 0.3
TrolleyTrall 877 |2-yr 38000 031] z2782] 1332 283] 0.000487 569 451] 774508 283.12]  444.94 2237 021
TrolleyTrail 995 Brid)
TrolleyTrail 1112]100-yr 110000] 409 _4o01]  1sms|  &0.82] 0000486 7.57 5.72| 1922304 377.5]  1713.27 34.85 0.23|
TrolleyTrail 1112]500-yr 145000 -409] as28] 2188] 4525| 0000521 8.47 608| 23802.39 377.5] 178031 3512 0.24
TrolleyTrail 11330100y BW | 110000]  -4.09] 4824 1888] 4865 opoo: 56 392| 28069.25 377.5| 182848 43,07 0.15
TrolleyTrail 1112|500-yr BW | 145000 -4.09 564]  21.88 56.8] 0000127 5,01 2.81] 51569.51 377.5] 203188 5124 0.12
TrolleyTrail 111202 28000 -4,09 28.2 1066  2845] 0000275 4.32 42| 903691 37?.§| 459.02 23.04 016
TrolleyTrall 1327] 10047 110000] 4.87]  3957] 2565 1565.16 27.57 03
TrolleyTrail 15984 3201 0.28
TrolleyTrail 1725 35.95 0.16
TrolleyTrall 3159.22 44.05] 0.14
TrolleyTrall 625.95 1604 0.27
TralleyTrall 4087] 2637  41.24] 0.000389 5.75| 4.u7| 27035.69]  as0si| 25073 26.71 02
TrolleyTrail 145000 609] 4526]  2898]  45.56] 0000277 537 39| 3721583 44051 2569.72 31,09 0.17
Ti rail 110000 G03]  4BGS|  26.37]  4B76 000009 32!| 2.44] 45097 87 44051 2734.09]
TrolleyTrail 145000 609 5666 2898)  56.75| 0000052 2.87 2.7] 66776.05 44051] 306597
TroleyTrall 35000 509] 2828] 19.77] 2886 0.00057 6.08 5.08] 625496 42986| 184025
TrolieyTrail 1895 100-yr 110000/ 647 aosol  2631] 4147 173351 27.65 024
TrolleyTrall 1895]500-yr 145000 6.47 as.znl 2901|4574 1936.33 .21
TralleyTrall n.aa' 2631] 4882 1969.52
TrolleyTrail 56.65]  2921]  56.79) X : 238783 ]
TrodleyTrail 2662 1891] 2923 0000927 65.26 6.26] 607192 3B0.74| 139294 0.28)
TrolteyTrail nnslmu-w un?‘ 27.78 41.69] 0.00064 7.18] 5.55
TrolieyTrall 2243|500-yr 45.37 306] 4592 omssl s.sa| 5,35,
TrolieyTrall 2243 100-yr BW 48 88| 0.000168 434 3.35
TralleyTrall 0.000102 191 298 X . .
TrolleyTrail 1326.27 18.4
TrolleyTrall 3174]100-yr 110000 636) 413 42.65] amw-sxl 9.21| 8.75] 12552.61] 4587 544.7 25.59 32
TrolleyTrail 3174|500y 145000 636] 4535 46.93| 0.001134] 1048 ags| 1471593 458.7 564 19.49 034
TrolleyTrail 3174[100-yrBW | 110000 636]  ansz 49.29] 0000456 7.13 6.63] 16587.72 4587]  582.15| 32.76) .22
TralieyTrall 3174]500-yr BW | 145000] 6.36] 5635 57.2] 0.000382 7.53 6.39] 22689.29 asa7| 107625 40.58 021
TrofeyTral 3174 2yr 35000 6.36]  30.07 30.58] 0000902 5.77) 5.68] 6689.78 ask7|  493.67) 14.3) 0.27]
TralleyTrail 3487[100-yr 110000 94|  41.19] 433 oposss| 1173]  1096] 1003335 3508 424.04 26.28 04
TrolleyTrail 3487|5007 145000 94| as82 47.7] 0001813 13.5]  12.46] 11635.47 3001 043
TrolleyTrall 3487]100-yr BW | 110000 94] 4834 49.62| 0.000724 9.16 8.32] 1321347 3343 028
TrolieyTrall 3487|500-yr BW | 145000 94| 5612 57.51] 0.000605 9.64 7.94] 182708 4121 0.26
TealleyTrail 3887|2-yr 38000 94| 3022 3098] 000121 7.04 683] 556114 15,3_| 0.32
TrolleyTrall 3780]100-yr 110000 a96]  a1m 4406] 00016] 1311 12,39]  BE74 65 3556] 31287 Jz_sl 0.41
TrolleyTrail 3790] 500-yr 145000 4.96] 4503 a872 o.oo1944| 15.5 14.45] 10035.55) 255.6] 33087 36.12 0.45
TrolleyTrail 3750[100-yr BW | 110000 496] 4834 sb1| oo0008B3] 1074 986 11150.95 2556] 34323 mu’ 03]
TrolleyTeall 3790[500-yr BW | 145000 496) 5598 58.07] 0000785]  11.75]  10.4a] 13892.81 255.6]  380.18) 47.07/ 0.3
TrolleyTrail 3790]2-yr 38000 4.96] 30,55 31.28] 0.000751 6 85 6.7] 567007 2556] 28083 2164 0.26
TrolleyTrall 3801 Bridge
TrolieyTrail 3812] 10047 110000 272 44.26] 0.001534] 1301 12.35] 891008 25181 306,24 33.39 04
TrolleyTrall 3812|500-yr 145000 274 43| ooo1864| 1538 mnu.ﬂl 35181 32682 37 0,45
TrolleyTrail 3812[1004rBW | 110000 2.74 50.72| 0000816] 1074 25181 34027 40.08 03
TrolleyTrail 3812|500y BW | 145000 2.74 5832| pOOO7ET| 1172 25181 47823 47.87 03
TrolleyTrail 3812 [2-yr 38000 244 3135 0.000707 27433 22.28) 025
TrobeyTrall 4036 100-y7 110000 23]  a178]  3078] 4481] 0002213 14.42 1148 858229 265]  as4.77| 30.79] 046
TrolleyTrall 8036 | 500-y7 145000 43| as6s|  3468] 4959 0.002507 166|  12.87| 11270.68 265]  a7im2 34,66 0.5
TrolleyTrall 4036,100-yr BW | 110000 43| asss| 3078 50.48] 0001098 116 8.69] 12657.39 265 5516/ 3757 033
TrolieyTeail 3036]500-yr BW | 1450001 43 56.5|  34.68]  SA52| 0000s3l] 1213 58] 1629339 265 57689 45.51 032
TrolleyTrail 4036] 247 38000 23] 3061 1008] 3167] 0001332 8.28 76| 500292 285 40841 19 62 n.a_;l
TrolieyTrail 110000]  1145] 4411 45.48] 0,001001 586 7.4£| 14706.1 342.1 64131 29.26 0.32
TrolieyTrall jas000]  1145] 4362 s036] 0001064] 1118 8.19] 17709.38) 321 71251 33.76 0.34
TroleyTral 110000] 1145|4993 50.84] 0000532 8.11 5.9] 18645.28 342.1 71377
TrolleyTrall 1a5000)  11.45] 5789 58.84] 0000438 [T 55| 24354.99 342.1 72142
TrolleyTrail 440412-yr 38000 1145|3149 32.11] 0.000902 6.42 5.44]  6990.84 342.1 583.43
TrolleyTrail 4884 [100-yr 110000 1151] 4388 455 ; ¥
TrolleyTrail 4884]500-yr 185000] 1152 4847 1565 1116
TrolleyTrail 4884[100-yr BW | 110000 11.52 297 51.43 11.26 7.37 ¥ 241.6] 532.32|
TrolleyTrail 2884|500-yr BW | 345000 1152 57.55_]» 1173 8.05 uu:z.ﬁ:l z41.a| sao.ssl
TrobeyTrall 4884 [ 2-yr mml 1152] 3 3281 867 7.04] 532494 2416  418.28 12.17]
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Appendix G: Stormwater Report




DAVID EVANS
AND ASSOCIATES Inc.

MEMORANDUM

DATE: October 14, 2019

TO: Doug Johnson
David Evans and Associates, Inc.
530 Center Street, Suite 605
Salem, Oregon 97301

FROM: Atalia Raskin, PE Water Resource Engineer
SUBJECT: Trolley Trail Bridge — Stormwater Management Concept Design

PROJECT: CLKX0043
Trolley Trail Bridge

CC: Andy Kutansky

Introduction

City of Gladstone obtained Surface Transportation Program funds through the Regional Flexible Funds
Allocation to study the feasibility of rebuilding an abandoned trolley bridge crossing the Clackamas River that
collapsed in 2014 as an extension of the Trolley Trail, a shared-use path for bicycles and pedestrians.
Clackamas County is helping the City of Gladstone implement the project through the County’s Oregon
Department of Transportation (ODOT) certification. The study will evaluate bridge and trail alternatives for
connections to Gladstone and Oregon City trails.

This memo is intended to provide design details on the stormwater management plan for the two bridge
alternatives. The alignment alternatives studied are:

Alternative 1 — Single span steel truss
Alternative 3 — 3-span steel girder

There is no difference in the stormwater design between alternatives from a stormwater management
perspective. The proposed bridge crosses the Clackamas River at approximately 4,500 feet upstream of the
Willamette River and is located adjacent to the Clackamas River’s 100-year floodplain.

Methodology

The project is located in both the City of Gladstone and the City of Oregon City and is administered through the

County’s ODOT certification. The ODOT 2014 Hydraulics Manual and Federal Aid Highway Program
Programmatic Biological Opinion (FAHP) were reviewed for stormwater management criteria. Projects
discharging directly into the Clackamas River are exempt from flow control requirements by both the ODOT
Hydraulic Manual and FAHP. Additionally, FAHP does not require water quality for bicycle and pedestrian
bridges not associated with a highway.

Stormwater runoff from the bridge flows to the Oregon City side of the bridge. Therefore, stormwater
management will follow The City of Oregon City's Stormwater and Grading Design Standards dated February
2015 and updated in 2019.

2100 Southwest River Parkway Portland Oregon 97201 Telephone: 503.223.6663 Facsimile: 503.223.2701
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DATE: October 14, 2019 FROM: Atalia Raskin, PE Water Resource
Engineer
TO: Doug Johnson SUBJECT: Trolley Trail Bridge — Stormwater

Management Concept Design

The Oregon City standards apply to projects adding over 5,000 square-feet of new or replaced impervious
surface area. The project is proposing to add 10,218 square-feet (0.23 acres) of impervious area. Bicycles and
foot traffic will use the path with the occasional use by a service vehicle. Section 1.2.2 Exemptions, of the
standards lists a set of criteria for projects that are exempt from following the standards. Item E. Pedestrian
and bicycle improvements are a noted exception, as long as the following conditions are met:

+ No other impervious area is proposed, and;
e Stormwater runoff is directed to adjacent vegetated areas.

Additionally, projects are exempt from the flow control requirement when they are located within the 100-year
floodplain or up to 10 feet above the design flood elevation. The project area is within the 100-year floodplain
of the Clackamas River. Therefore, no treatment or flow control standards are required for this project.

Dispersion Rain Garden

A small rain garden is proposed to provide stormwater flow dissipation. The rain garden was sized using the
Water Environment Service’s BMP Sizing Tool, approved for rain garden sizing by the City of Oregon City. Rain
gardens are landscaped reservoirs that collect and treat stormwater runoff through vegetation and soil media.
Additionally, for the Trolley Trail, the rain garden will provide a location for infiltration and dissipation of
stormwater runoff into the vegetated corridor. The rain garden will be placed near the bridge to allow for
stormwater runoff from the bridge to be directed to the rain garden. Alternatively, an inlet and pipe can be
used to send stormwater to the facility if necessary. A design summary follows:

Site Characteristics:

Soil Group: Camas Gravelly Sandy Loam, Newberg Fine Sandy Loam, Water
Hydrologic Soil Group: Group A

Contributing Area: 10,218 sq.-ft

Facility Infiltration Rate: Al (=> 2.00 in/hr)

Stormwater Facility Characteristics:
¢  Minimum Size: 153.27 sq.-ft

e Proposed Size: 154 sq.-ft

e Water Depth: 12 inches

¢ Soil Media Depth: 18 inches

e Gravel Depth: 12 inches
Attachments:

Exhibit 1: Trolley Trail Bridge Basin Delineation
WES SMP Sizing Tool Report — Rain Garden Infiltration

File Path: P;\W\WPWX00000174\0600INFO\0670Reports\Hydraulic Report\2019-08-06_WashCo Culverts_Detention Memo.docx
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WES BMP Sizing Software Version 1.6.0.2, May 2018

WES BMP Sizing Report

Project Information

Project Name Trolley Trail Bridge
Project Type PublicFacilities
Location Portland Ave
Stormwater 10218
Management Area

Project Applicant Clackamas County
Jurisdiction OutofDistrict

Drainage Management Area

Name Area (sq-ft) Pre-Project Post-Project DMA Soil Type |BMP

Cover Cover
Trolley Trail 10,218 Forested ConventionalCo |B BMP

ncrete
LID Facility Sizing Details
LIDID Design BMP Type Facility Soil  |Minimum Planned Orifice
Criteria Type Area (sq-ft) |Areas (sq-ft) [Diameter (in)
BMP WaterQuality [Rain Garden |A1 163.3 154.0 0.0
- Infiltration

Pond Sizing Details
1. FCWQT = Flow control and water quality treatment, WQT = Water quality treatment only

2. Depth is measured from the bottom of the facility and includes the three feet of media (drain rock, separation
layer and growing media).

3. Maximum volume of the facility. Includes the volume occupied by the media at the bottom of the facility.

4. Maximum water storage volume of the facility. Includes water storage in the three feet of soil media assuming a
40 percent porosity.






