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Hydrogeologic Assessment Approach
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Crook County

Identified water rights on file with the Oregon
m<<m8ﬂ Resources Department

<SReviewed geologic and hydrogeologic data

* Drilled and geologically logged three test wells
to define site hydrogeologic conditions

* Completed aquifer tests on these wells to
assess aquifer characteristics

* Cored and tested soils, overburden and gravels
to address reclamation concerns

* Estimated potential groundwater inflows and
identified potential recharge trench and
monitoring well locations

* Evaluated reclamation plans and options
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Geologic Setting

i
wmE
: r-Uac]R 5] WEE el
| g e 2 =
]
1
_ Approx.
| e o Approx. Borciary | TSR S msea
_ C=55] e Boundary | Y emm e =iy
i _
| .
“ hE13S]
| <=l
feecs mmmB“ 23] M o)
Qal . ¥
3 ~ -~ Legend
; " 7 Townshio & Socoon Ts - o sediments, Tc - mixed | .
T | 225 oo [ ot g s 1o
ol SN Geologic Units Fm. ClomaGrate
Soorew oo Crea, 5 X -, ;
W, Jersm, Wt and S Cauntes, Orcaon 119631 M ﬂm Q! - Aivial Deposis - m.ﬁw_omc.mm_m_.”wgsﬂ - wns.mﬂ‘ __M“_.._.Sg n.”_.“_....
000 2000 3 4000 [ Qs - Landnide depaiits Tarl - Columtis River _ Towt « weided tuff, John
o — ; B Bosat Group, el [ D9 Fm. John Day/Clame
e T e ———— e TR S . Q5 - Torrace Jeo0sis Basaft Geoon
KNIFE RIVER 1’1 MAR 2021
N WENCK =% Stantec -
Geology near the Woodward and Vanier Property o il Q Figure 1




Terrace Deposits - Aquifer Configuration

~34 FEET

DEEP AQUIFER WELL
\l \.I SHALLOW AQUIFER WELL

LALLIR

GRAVEL AND SAND
WATER LEVEL AT
116 -24 FEET

—-270FEET

| A

GRAVEL AND SAND
WATER LEVEL AT ~40 FEET

Z2

Gomited?  ARzE rinendt PIEAL AATiy
= i
STATE OF ORECON CROO 54339 WELL YD LABKLA L & a0
W ATER SUPPLY WULIL REPORY SIARVCAMD Y T
(s eoquired by OKS S)7 %63 & DAR $90 NSAI10) 371212016 ORlAM. LG | i

Ly

q
“ 1 {9) LOCATION OF WELL (egal description)

R INY

cnam TG X N3 KangaiS0S 1

= g Aw Mmoo a7 W ealu 13
a_._.:naw:d.ﬂ. Sgwewe e oS
_..._ﬂulﬂﬂl_; =, S (P - Cowe e s

u.. -r.-f;a {5 Thasinzmwm o7 ot C rerwase
.!..ﬂ. _ _lr.- TAT AR E (AR T B =
P is..r ! |
Auiad
@ (10) STATIC WATER LEVEL
en ywlips & s

Dna et et [Ccwle [ Clideso
e )

eimy ST Fr A |

..Ihufrjl.ﬂ.lr

(=== U», T

HIPHOPOMED USE.  Rliesens | g | fommaw
i Lt | ] s [ty o (L IR AENG TONLS (pth mader v i o sz
—t T i Lk WL, Fva - L5 Lo btiem (Wi v MWLM
(<) UDRE, TTOLE CONSTRUCTION  voms Searc Jao el aEn T E = | T
Peph uf Comoienet Wl SHEX & Thiae=s £ T D

fure ! S
conere smt [ ite Ty R A—— 3 v
(52) ABANDONMENT USING LMUVRRATED DINTONTE :E:Ewl — SR V- -
P St Aol Annant ﬂv-t—f-Ff:‘ LA RO s 8 O AVEIOAS 1 vli'llu.-: ]
I UCASIMDLINE R i _— —_ —_—
L e o - S e Y 1!1‘.& ™ -
=3 ® 3 1S CED § f
e e e
AR —d——— 30 E
- e b

.21 T ) 4

Mrems fope Mt Date Sl 25w Lt w2
PoR  Cmemy Sasen Sawsel  Sla Fel idY — e
o i Dy =l LT} =05 e m11i._ —
— L i g . =,
- . . — This ropoct was originafly e-filed T
i ! = the original e-flled Is
1| e Number 754 Dwe  wizzgly

Seel fmadEmcaEons

Py Wases Wad Cannir mins © aridistes.

Ton the soniruciovn, Geepening. lertiian, or Sberknmn:

il dicng the reprere sbeve AU work

o wn-yl__unl b
e ) e Namber
i 4!....; : ...ﬂ.l...__.P E

Vomsrmoee 11

Dowrgan

- 4 - — i

1

34—

| snymg ST AN e

perlormed Junng the Lipa 15 1N complares wih Orcpon wem  supply il
| v e [y rTpur 1 e (o (he b o Pty nuseledgs ad oeler

Due )71372016

} — —————

TR a2 Ve ST R TR

Tr

(IS RIPOKE NS 30 SUINET T 10 101 WATIR R1NOURCES DLFARTMEN | WITHIN M UAYS OL LA TION Qi 'WORK  bormn, Varsign



Water wells desper than
0 fest -

Water welt shaliower than
40 feet

Approximate Woodward
Boundary

Appraximate Vanier
Bourxiasy

Manitoring Well = =

KNIFE RIVER

Water Rights Within 1000- and 2,640-feet

"IN wenck = (P Stantec

JUL 2021

Figure 6




Groundwater Flow
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Recharge Trenches and Monitoring Wells

Woodward Mining Cells 0. Recharge Trench
o Observation Welts
.o . Vanier Mining Cells

D Appraximate Woadward
o= Recharge Trenches Boundary
(sequentlal}

KNIFE RIVER OCT 2021
‘)‘_ cK = ntec
Woodward and Vanier Mining Cells Ay, WENCK =& Qm.ﬁ

Figure 4




Recharge Trench Approach
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Reclaimed Mining Cell
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Findings and Recommendations

Mining will remove water only from the uppermost aquifer and given our proposed mine plan, including the
construction of a recharge trench, Knife River’s operation will mitigate any operational impacts to
groundwater and will not impact neighboring water rights.

Knife River has committed to collect baseline data on five nearby groundwater sources (three shallow wells
and two springs) and will install and monitor wells adjacent to their mining operation and recharge trench.

Knife River has proposed a groundwater guarantee

Potential groundwater inflows to Vanier may range up to approximately 290 gpm on the eastern edge of the
property and diminish to the west. Lesser flows may be encountered, and may range from 13 to 60 gpm.
Mine plan design will ensure minimal open face and contemporaneous reclamation

Knife River will backfill mine cells immediately following mining. A certain volume of clastics (sand and
gravel) will always remain on the pit floor. Overburden will be backfilled under dewatered conditions which
allows for a progressive backfill nqomqm_.:. The upper overburden lift will be ripped to remove compaction
before placement of topsoil. Topsoil will be disked and seeded during appropriate seeding window. Fertilizer
(manure or organic matter) will be added as necessary.

No new materials will be introduced. Existing topsoil will be salvaged separately and immediately replaced.
Water quality will not be impacted. Water quantity will not be impacted. If anything irrigation demand will
be reduced. Reclamation success has been established based on material handling program. Overburden
quality is suitable as subsoil



