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6.1 - SCOPE

 The geology~section of this report describes the general
geologlcal condltlons of the Co-Op Mining permit area and

‘ adJacent areas and ldentlfles whether the conditions are
acceptable for recovery of the coal by underground methods.{"’

The follow1ng maJor toplcs are covered ‘methodology, reglonalki

‘dd-geologlc framework -stratigraphy and structure of the projeot

-vac1n1ty,'extent of coal reserves, coal quality and character—f
4'\lstlcs,'characterlstlcs of the adjacent units, and the geologlc:j'

t’hazardstand lmpacts of mlnlng.

6.2 METHODOLOGY

'The 1nformat10n used in Ppreparing the geology section of
~-this report lncludes available literature from surroundlng
‘mlnes,:and upe,ofdate mapping and reserve estimates by the
,Co—Op Mlninétcompany personnel. Physical and chemical anélyses

were performed in a certified laboratory.

6.3 REGIONAL GEOLOGIC FRAMEWORK

The mining sitellies at the base of an erosional esCarpment
that forms the eastern face of the Wasatch Plateau, a sub-
fd1v1510n of the Colorado Plateau pysiographic prov1nce.

East of the Wasatch Plateau is Castle Valley, a relatlvely
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flat area over 80 miles long and 10 miles Wide;trehdihgf
northeast-southwest. East of Castle Valley lies the San
Rafael Swell, a great upfold marked by rlngs of hogback

hllls and 1nterven1ng valleys.

" The Wasatch Plateau is a high, broad, flat areeldissected

by numerous streams. The high plateaus of“Utah, which include
the Wasatch Plateau, are thought td be e transitien zbne
contalnlng geologlc structures common to both the Colorado

- Plateau Province and the Basin and Range PrOV1nce to the,

west.

The Co-Op Mlnlng Company site is located near the east centrall
edge of what is known as the Wasatch Plateau coal fleld

The plateau edge is a steep cliff with a max1mum»relief‘.‘

of ebout 1,000 ft. Coal outcrops appearkih the canythWalls
and along the cliffs. Rock types at the site areslate Cfeta—iy
ceous in age and are generally composed of gray sandstone' e
of flne to medlum grain, interbedded with subordlnate gray
and dark gray carbonaceoUsvshale and coal seams.kThese repreé
sent contineﬁtal and/or transitional sediments. Mariﬁe sedi—';_
ments occur below thé‘seduéhce and are eXpdsed to the‘east -

of the escafpment in Castle Valley.

v Table‘6—1,gives the generalized stratigraphic sequence and

unit description for the Wasatch Plateau. The oldest rocks



lare of early Upper Cretaceous age. The major commer01al
: coal seams occur in the Blackhawk Formatlon and are of Compan«

lon‘age.

1Structurally} strata in the eastern>Wasatch'Plateau”generally?;'f* e

dip southerly (sometimes~slightly southeast-or‘southwest)
Jat‘low*angles of 1lto-3 degrees. Locally, near faults, the

vdip increases’to about 20 degrees. Three major north—south

rftrrendlng fault zones have been deflned in the Wasatch Plateau ,*V ey

o Coal Fleld (see Flg 6-1). Fach zone 1is the product of
‘a hlgh angle block fault w1th extensive minor fracturlng
[:w1th1n the graben The Joes Valley ‘Fault is the largest
zone As. shown in Flg ' 6- 1, the zone lles several mlles l

»7'west of the Co- Op permit area. The Pleasant Valley Fault -

‘Zone lS approx1mately 3 to 5 miles w1de. In most areas the r,*~”“71"“'

‘ fault planes of the Pleasant Valley Zone are vertlcal w1th

. between a few feet to 100 feet dlsplacement (Doelllng, 1972)

'although greater dlsplacement occurs locally The North

Gordon Fault Aone, which occurs near the eastern boundary

'.of the Wasatch Plateau flPld is the least exten31ve of

‘the zones. The trends of the faults have a complex pattern.~y
leacement is generally less than 800 feet (See Plate

2-1 for a larger scale v1ew,of faults within the permrti

‘area.)
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6.,  GEOLOGY OF THE PROJECT‘VICINITY"‘

~ Plates 2~ 3,'and 3 1 show the topography of the area,io*9e
The permlt area is generally rugged, w1th eleV&thns“f‘i
rvary1ng from 7,000 to about 10,000 feet above sea
level. SlOPeS within the permlt area vary from more.a~ef"
~ than 210% (65 degrees) east of Star P01nt to less

than 4% (2 degrees) on Gentry Rldge.

6.4 .1 Stratigraphy

A1l of the‘geologie formaﬁions expoeed:onHOf;o, e
adjacent‘to the‘permit area‘are CretaCeouseoe‘ ; =
‘memb’ers of the Mesave‘rde group, with fhe ex"-"~ : ‘ “
ception of the North Horn Formatlon, whlch 1e k -
Tertiary (See Table 6-1 &Fﬁgure 6 2) The mln—‘f
able coal seams are located in the Upper b

‘ Cretaceous Blackhawk Formatlon

Star Point Sandstone

The Star Point'SandstOne, the'basal‘formation
of the'MeseVerde group (Doelling, 1972),‘is;ak1‘
light—oolored, fairly wellQSOrted~marine sand—
stone of medium;to‘fioe grain (Spieker, 1931){

North of the Wattis
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' ranglng fro'

‘kCanyon area, the Star P01nt Sandstone d1v1des 1nto
'°gthree tongues. In the prOJect vicinlty, the tongues
f’are essentlally fused 1nto one massive Cllff formlng

:}hfunlt. The Star P01nt becomes thlcker to the southeast

400 to 460 feet near the eastern edge
-lof the le se'area~to‘ OO feet or more near the central

e tpart of Huntlngton C ‘yon (Spleker, 1931)

”dBlaCkhawk Formation

hdh0verly1ng the Star Point Sandstone is the coal bearlng
'~Blackhawk Formatlon, the middle leiSlon of the Mesa—

k;tverde group The Blaekhawk consxsts of alternatlng '

. sandstone, shale, and coal beds, with thin beds of

loargillaceous’freshwater limestone occurring occasion~_s;_d
’mally : The sequence represents deposition alteratlonsxfr
t'ﬂibetween littoral and lagoonal sedlments The formatlon
‘flS approx1mately 1 000 feet tthk with the valuable “’
i coal seams 1ocated w1th1n the lower 400 feet (Doelllng,

1972).

,1The sandstone beds are fine to medlum—gralned (Spleker,

1931) and yellow—gray to. tan in color (Doelling,
"i1972) The sands of ‘the Blackhawk are generallyk

k”:cemented by calcium carbonate or. sxllca, with thel
vexceptlon of a few locallzed areas in which the cement
els almost entirely clay Iron is also present in’

'the Cement of all but the pure’ whlte sandstone (Spleker,
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| \vthe surface or another "drain" (i.e. sandstone finger)f’

1931). An exception to above mentioned sandstone .
is the Aberdeen Sandstone, a coarse—grained white':f  ’ |
sand that is traceable from the northern part of
;‘theWasatch Plateau coal field southward to the north-“

a_western slopes of Gentry Mountain (Spieker, 1931) |

fThe generally discontinuous nature of the Balckhawk

‘~and apparent low spec1fic water yield (Cordova, 1964)J’ Lo
‘indicates that the water yielding capabilitles of et '*f,f‘fl‘ ?

the Blackhawk are only of local importance.,’

Three general types of shale, all continental in

. origin, have ‘been identified in the Blackhawk For—}?__ -
ehmation (Spieker, 1931) ordinary clay shale, carbona~iyf°"';yﬁ,"y
| ”jceous shale, and smoke -gray shale.. The ordinary ‘ : ‘
- clay shale is gray or green, granular, and normally o
soft at the outcrop,rthe carbonaceous shale is brown'l'”

"to black massive, and laminated, and the smoke~gray

hbshale is tough and . leathery, and in 1ts unweathered -
,w'state is hard and homogeneous (Spieker, 1931) Shale

: acts as an effective barrier to the vertical movement» o

iof water within the Blackhawk Formation Therefore,,fff'
a 81gnificant portion of the water that reaches the fa”
. Blackhawk probably percolates downward until it reachesbvf'

dva shale layer, which causes horizontal movement to k

’ twithln the formation.
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"Castlegate Sandstone

The'CaetlegatelSandstone, generally'consideredfthel :
"basal member of the Price River Formation~(Spieker;l'"
,1931) con31sts of ma351ve, hlghly re51stant medlum
~tocoarse- gralned sandstone beds contalnlng,iln places,
'conglomerate with a matrix of grit (Doelllng, 1972)

It is thought to be of marine origin (Paul WLer Company,
'1977) ‘ Although the Castlegate overlles the Blackhawk
‘Formatlon 1t appears barren of coal in the Plateau o

lease area, o

Price River Formation

rThe llthologlc characterlstlcs of the Price Rlver’?
—'Formatlon and the underlylng Castlegate Sandstone
“are SLmllar, however the Castlegate member is dlfferenf}
tiated from the Price Rlver by its cliff- formlng |
oocharacterlstlc (Spleker, 1931). lee the Castlegate,
,;the Prlce River Formatlon consists of medium to coarse~f"
‘gralnedfsandstone beds with occasional lenses of
: shale;"Although the unit has a high"poroaity;,its‘
,apparent_low’permeability (Cordova,‘1964) reduCee

its water yieldingocapabilities except through fractures.



North Horn Formation :

The youngest geologlc formatlon w1th1n the leasee -

area 1s the North Horn Formatlon,kwhlch caps the

Vh‘Prlce Rlver Formatlon on Gentry Mountaln (Doelllng,efat

1972). The North Horn, the 1owest member of the

,Wasatch Group, cons1sts of varlegated shales, 1r—~o:1‘

: regular beds of gray, brown, or cream colored sandej7‘f"'"

‘ stone of -various textures, and thln beds of steel— oy

gray and cream. colored llmestone (Spleker, 1931)

‘Surficial Deposits

A few small areas in the eastermost permlt area arehfw'

covered with Quaternary gravel There are no allu-
vial dep081ts w1th1n the area to be affected by
the mining. Likewise, the permit area is nottprone

to slides.
6.4.2 Structure

, Structurally the strata in the Wasatch Plateau
generally dlp southerly (sllghtly southeast or - .
southwest) at angles of T to 3 degrees. Three

l major north- south trendlng fault zones have .

been defined in the Wasatch
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6.5

lPlateau‘Coél-Fié1d~- Eachlzone:is'therpfodu¢t°offl
‘a hlgh block fault with extensive mlnor fracturlngv
:thhln the graben. The Bear Canyon Mlne is located .
in the Pleasant Valley Fault Zone. The vertlcal dlSplacesifi i‘“d
'dment ‘between a few feet and 200 feet plus. A maJor |
'_fault separates the Bear Canyon Mlne from the Trall
\,Canyon Mlne. (Note: Geotechnlcal sectlon ‘and the,e
"lmlne map for Bear Canyon are located in. the appendlxv)
k”'Dlsplacement on: this partlcular fault 1s estlmated
‘to be 220 feet. Durlng the mining of the Bear Canyonv'l‘tfﬁ .
'h,Seam several minor faults ‘were dlscovered 1n the 1 |
ktTrall Canyon Mlne.‘ These faults-may‘effect thezminioglgdhh

~ of other seams.

‘dGEOLOGYVOF;THE'COAL BEDS AND ADJACENT~UNITS,“‘“‘h'

,Stratigtaohyd‘ 8

All of the neologlc formation exposed on or adJacent to

"'the permlt area are Cretaceous members of the Mesaverde

‘group, Wlth ‘the exceptlon of the North Horn Formatlonf whieh \

is Tertlary The mlnable coal seams are located in the Upper

,Cretaceous Blackhalwk Formatlon

6-10




6.5.1

6.5.2

was not granted.

- The appllcant respectfully requests that

Exploration and Drilling

6.5.1.1 Test Borings

Co- Op has not done any test borlngs A request n

was made to Northwest Carbon for the 1nformatlon'f‘

from Northwest Carbon concernlng drllllng

North of the permit boundary whlch wouldk~

be incorporated into‘the,plan,tbuththehtéquesc .

the division supply the appllcant w1th the' :

Utah Geological and Mineral Survey reports,h“

referred to in the ACR. See‘Appehdix,Gl.

GEOLOGY

‘General Stratigraphy

The exposed geologlc column, in ascendlng order, -

'con51sts of the: Mancos Shale, the Star P01nt Sandstone,'n

the coal bearlng Blackhawk Formatlon and the Castlegate;.f.wf~:e

Sandqtone Member of the Prlce ‘River Formatlon. All

of these geologlc units are CretaceouS‘in age. The"

~Star Point Sandstohe‘thfough the Price River Fofmationt
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‘ ~ composes the Mesaverde Group in this locality.

The Mancos Shale forms the initial steep slopes rising
from the washes which in turn is overlain by the’  |
initial cliff-forming Star Point Sandstone ("....
ythigk—bedded to méssive beds separated by subordiﬁate

 Mancds~1ike shale“.)(l)

The Blackhawk Formation is composed of alternating .
saﬁdstones, shales, mudstones énd coal representing
marine, transitional and terrestrial varieties of
sedimentapion. Depositional environments of the
 B1ackhawk FOrmation include littoral, lagoonal, eétaurf
. " ine and swamp typke environments. TheﬁlackhaWk*oﬂt‘crops
i | to form a step and slope topography slightly less
resistant than the Star. Point below and the Castlegate
:above. Multiple coal seams are found within the

‘lower 350 feet of the Blackhawk.

The‘Castlégate Member of the Price River Formation
makes up a massive, resistent cliff-former above

the Blackhawk.

‘(1)1972 Central Utah Coal Fields: Sevier- Sanpete,"
Wasatch Plateau, Book Cliffs and Emery, Monograph Series No. 3,
‘ - U.G.M.S., H.H. Doelllng ‘
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Structure

The Bear Canyon fault, which is part of the north—
south trending Pleasant Valley fault zone, is the
~only ma jor structural feature in the study area which
has any effect on the mlneablllty and contlnulty

of the coal. Displacement on this partlcular'fault
is estimated by the author to be 200'+ in the v1c1n1ty
of Bear Creek Campground on the north 51de of State
nghway 31. The west side of the fault is down,relativekr
to the east side. In the vicinity of the’Béar,CanYOn |
Mine, Section 24, Township’16 South, Range 7 Eést, ‘: 
‘the fault is buried by alluvium, howeVef,’the‘faﬁlt
trace expresses itself ih the‘falls‘in the NW%;‘Nw%f
of Section 24, Township 16 South; Raﬁge 7 East and
displacement at this point is apparently lesé than
five feet. Strata immediately bordering the fault

is disturbed and inconsistent in spatial attitude :
with equivalent strata in the study area east of

the ‘Bear Canyon fault. This will no doubt have a
limiting effect on the extent to which coal can be
mined in the immediate viéinity of the fault. The
Bear Canyon fault marks the western boundafy of the

study area.

Strata east of the fault are'nearly horizontal in

attitude providing excellent mining conditions.



Coal outcrops slightly lower in elevation in the
southern portion of the area than in the northern

portion.

‘Small faults noted in the field along.outcrop‘Were
inﬁerpreted to be largely of ﬁoh—tectonicvorigin
(e.g. landslide and slump) by the author. Othér_\
faults’observed did not express displacément of su-

fficient magnitude to be prohibitive to mining.

Coal

Multiple coal seams are found in the lower 350 feet
of the Blackhawk Formation as' was previously mentioned.
In ascending order the seams are as follows: Hiawatha,
S (1)

Blind Canyon, Bear Cahyon and the upper beds,

(see Table 1 - following).

None of the coal lies atydepths of more than 1,800
in the study area. Depth should not be a limiting

factor in mining.
It was noted in the field that strata situated at

elevations consistent with the upper beds structual

horizon were badly burned and not of economic importance.
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LOWER HUNTINGTON CANYON  FEET

Upper beds - ;40e6
Interval L 200
Bear Canyon bed LT . 0—10
Interval ‘ . | G   40—60
Blind Canyon bed . 0-10
 Interval e : 40-60'~

Hiawatha | - 5-8

Sta;VPoint Sandstone

Author's Note:  Hiawatha to'Blind'Canyon interval can
 be aSygreat,as«lloyfeet.‘

TaBLE 1 (ArTeR DoeLLing, 1972)
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~‘aS‘cover and/or dep051t10nal lrregularltles.~

The Blind CanyOn and Bear Canyoh seams were measured

and observed at various points in the study area

by the author, however, these seams were: traceable
only locally in Bear Canyon. Limited traceablllty

of these two seams is attributed to the lehticular

‘»nature of the seams, the extent of slope debris actlng:

(2).

H. H doelllng 1ndlcates the Bear Canyon seam ls present .

1n Left Fork of Fish Creek Canyon (east of Bear Creek

ffCanyon) w1th a thrckness of 6.5 feet, however, thlS

(1)

measurement was not verified. Doelling also has a

717 3: foot measurement in the Bear Canyon seam in-

4,3Bear Canyon,thatvwas not verified in the field possibly

because this particular exposure has since been covered

. by slope;debris.

A small adit approximately 50 feet in length and

,interpreted as'penetrating the Bear Canyon seam‘(meaé‘

surement M-5), and a longer adit approximately 300 feet

in length and interpreted as penetrating the Blind

Canyon seam (measurement M-7), were discovered in

Bear Creek Canyon, Section 24, Township 16 South,r

Range 7‘East;, The full extent and history of these

workings is not known. The fact that these two seams

(2)1931 The Wasatch Plateau Coal Fleld Utah

0. S.G.S. Bulletin 819, E.M. Spleker.
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are not ‘traceable for any significant area beyond s : ‘
thesebold workings indicates the subordinate nature

of the Bear and Blind Canyon Seams.

In the SWk%, SW% of Section 24, Township 16 South,

Range 7 East the Bear’Canyon Mine is located. Two
seams were worked there, the upper of which is the

Bear Canyon seam (elevationk7,420 feet) and the lower |
of which is the Hiawatha seam (ele?ation 7, 340 feet).
This interpretation is based on the seams stratlgraphic
position above the Star Point Sandstone The Bllnd
Canyon seam apparently has pinched out or been replaced
in this locality. The mine lies on the westr51de | | |
‘of the Bear Canyon fault; The presence of the Hlawatha | ‘
’and Bear Canyon seams at the mine lend credence to .
>‘the author's oplnlon that these seams are probably
preqent across canyon to the east where they were

1

not traceable,nor measurable,duepto slope cover. .

Thelﬂlawatha seam was 1dent1f1ed‘throughout the maJorlty
of the study area based on its stratlgraphlc relatlon—rl
“ship with the underlying Star Point Sandstone. The
Star Point Sandstone is contxnuous and consplcuous
'/w1thin the area covered by this report. Whlle the

Hiawatha seam was not measured in Left Fork of Fish
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~Creek Caﬁyon‘by this author or previous investigatdrs
(i.e. E.M. Spieker, H.H. Doelling), thé presence

of the Reichert Mine (Hiawatha seam - after Doelling)
in Section 20, Township 16 South,>Range 8 East suggests
the interstitial presence of the Hiawatha seam in
Left‘Fork;ﬁWhere identified and measured, the Hiawatha
~seam échieved mineable‘thickngss in all but one instapce |
(3.3 feet - measurement M-2). However, coal'ghickness
at outcrop is inQariably thinner than the‘subsurface
thiékness. The Hiawatha seam averages 5.96 feet in
thickheSs in the area inspected. Specific work accom-
‘plished’is shoWn on the geologic map (Enclosure 1)
and columnar outcrop sections (Figure 2 - fdllowing

pages).

Well consdlidated sandstone forms the roof and’floorv
of the Hiawatha seam in the majority of locations
inspected along 6utcrop. This‘situation provides
excellent mining conditions and high coal recovery
percentages’as is demonstrated by 90 to 96 percent
recovery of the Hiawatha seam at the King Mine approxi-

mately five miles NNE of the study area.(l)

Doelling states that "extensive mining under Gentry
‘Mountain (a short distance due north of Bear Creek
Canyon) reveals that the Hiawatha is continuous in

the anticipated thickness”.(l)
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;‘Columhs and Croqs—Sections (Appendix‘é—A)"§

Coal Reserves (See page 1-3)

6.5.5.2 Coal charactéristicsv(App. 6-B)

. Coal and rock sample sites (See Plate 2-2)7

6.5.6.1 Rock characteristics (App. 6.C)
Mining hazards (See Appendix 3-B)

Surface hazards (See Sec. 3.5.8)

‘ImpaCtsfof mining (See Sec. 3.5)
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. System

. C Thickness Sl »
Series Stratigraphic Unit (feet) Description
Eocene Green River Formation = : Chiefly greenish lacustrine shale and siltstone.
S Colton Formation '300~1,SDO | Varicolored shiale with sandstone and llmumnc lt.nsu.
: ‘fr thickest 1o the noath.
S g - — N
24_, ‘|Paleocene Q- | Flagstaff 200-1,500 Dark yellow-gray to cream limestone, evenly bedded
= g : Limestone : with minor amounts of sandstone, shale and vol-
,3‘ canic ash, ledge former.
& : ' E ,
: 2. 1 North Horn v 500-2,500 Variegated shales with subordinate sandstone, conglom-
7 Formation | erate and. freshwater limestone, thxckens to north,
- — — ] (Lower Wasatch) slope former.
Maestrichthian - : - » : — e
‘ Price River - 600-1,000 - |Gray to white gritty sandstone interbedded with sub-
Formation ordinate shale  and conglomeratc lcdge and slope
W former. .
- & | Castlegate 150- 500 . White to gray, coarse-grained often conglomeratic sand-
o Sandstone f stone, cliff former, weathers to shades of brown,
Q .
"0,2)’ | Blackhawk 700-1,000 Yellow to gray, fine- 1o medium-g grained - sandstone,
“>‘; Formation interbedded with subordinate gray: and L‘nbunaj
8 MAJOR COAL: ceous shale, several thick coal scams. - ~
: = SEAMS - § ‘
. Campanian Star Point 90-1,000 | Yellow-gray massive clifi-foiming sandstone, often in
, Sandstone several tongues scp.uatcd by Masuk Shale, thu.keus
westward.
B Santonian Masuk Shale 300-1,300 Yellow to blue-gray sandy shale, slope former, thick in
e north and central plateau area, thins southward,
¥} :
ﬁ Emery Sandstone 50- 800 Yellow-gray friable sandstone tongue or long,ucs chﬁ
P , Sy former, may contain coal (?) in south part of
O 1 COAL (?) platean if mapping is correct, thickens to west and
' south. Coal may be present i subsurface to west,
P g * -
Coniacian E’ .1 Blue Gate 1,500-2,400 Pale blue-gray, nodular and iegularly bedded marine
“ Member mudstone and siltstone with several  arenaceons
-8 ‘ beds, weathers into low rolling hills and hddldﬂdbf
gv thickens northerly.
Ferron Sandstone 50- 950 Alternating yellbw-gray sandstone, - sandy shale and
, Member gray shale with important coal beds of Emery coal
Turonian MAJOR COAL field, resistant cliff former, thickens to the south.
SEAMS ' ‘
|Cenomanian Tununk Shale 400- 650 Blue-gray to black s.mdy marine slupe forming  mud-
, Member stone. :
Dakota Sandstone 0- 60 Variable asscmblages of sycllowgiay  sunds SENTIT
‘ conglomerate shale and coal. Beds lenticula .md
Albian MINOR COAL discontinuous. '

. Figure 5. Generalized section of rock formations, Wasatch Plateau coal ficld.
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7 Blackhawk Formation

~The Bluckhawk i the Mesaverde Group of the Wasatch Plateau

. contains important coal scams in the jower half of the formation,

; The 700- 0 1,000-foot unit, less resistant than the units that contain

“it, consists of alternuting slope- and cliff-forming uaits (figure 6).

" The cliff-forming sandsfones are generally yellow-gray or white-gray

“on fresh surfaces and weather to'shades of tan, yellow or brown, In

places :they are reddencd by the natural burning of ncarby coal
~ seams. Sands are fine. to medium-grained and cemented by either

calcite or silica. In @ few places they are argillaceous. lron colors the

-cement. Occasionally the iron has been leached by organic acids
' from covering swamps and the sandstone is white.

Slopes of the formation are made of various types of §halc
and coal. The shales, continental in origin, cousist of three Kinds:
clay shale-soft, granular, gray to green in color and the most

commbn; carbonaceous shale in. various shades of brown and

black; and -smoke gray ‘shale usually associated with the coal.

- Other st,'mla_inc!ude' {riable shaley sandswncs,“usually thin and

.

platy, that are cemented lousely by culcium carbonate. liwsonie

places the rock grades into an inpure limestone.

i

" The proportion of’ shale to sandstone is greater in the north
part of the field as compared to the south, but total change in
character of the fonmation -is*slight, In a section measured by

- Spicker (1931, p. 30-33) the unit consists of one-third shale und
two-thirds sandstone. Key beds are local in extent and each area
has ils own grouping. An exception is the Aberdeen Sandstone

" Member. 1t underies the Castlegate ™A™ coal bed and can be
‘traced from the Gordon Creek area southward  to Gentry ,Ridge
near. Wattis, : . ‘

¢

- The lower contact of the Blackhawk was defined by Spicker
(193, p. 35) as “the clear<ut upper surtace of the Star Point
Sandstone,” but Young (1955, p. 183) redefined the base as the
“bottom of the Spring Canyon Tongue. Young's work congentrated
on the Book Cliffs coal field 1o the ast, but his reports add 1o the
understandig of the Blackhawk in the Wasatch Platcay ficld,
Excerpts from his report follow: ~ -

]

. : . oy .
The . redefined Blackhawk formation consists of ‘some prominent  littoral
. manne sandsiono tongues and many Jessct oncs, sl projecting custwatd into

the  Mancos, where they loge their idenuty by grading into shule. Above
euch of them ond below -the ‘next suvceoding littoma! manne sundstone,

laguonal deposits of sandstons, shale and coul were developed behind barsier’

bars, and where thess doposdiy ovcur the underlying sandstoge is almost
~ everywhers whita<capped. . .Division (of six members) is pousible only whese
the. basal: littoral maring sandsloncs ase developod st the cxtwme westem

“end of the Book Cliffs at Storrs, Uty (simultancouly. the nosthern engt of

the Wusutch Plateau ficid); only the basal sandstones of the Spring Canyon
and Aberdcen members ute present und between them is ubuut 60 feet of
coal-bearing socks of the Spring Canyon Member, Above the busal sandstone

- of the Aberdecn. Meinber: are about 800 fest of undiffetentinted coal

meususes of the Blackhawk, which arc lurgely lgoonal but may include
some inland floodplain deposits in the ypper purtion,

' The commerciaP coal beds lic in the lower 250 to 350 feet
of the formation; some thin units are in the upper part. Two of
the more important. coal beds are the Hiawatha and Custlegate

CYA” bed, : ‘ «\g : - o
s . - Y

[ Lt Cw R e e e ey e
’

.
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comMEnCuALTEsﬂNG‘& ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, GHICAGO JLLINOQIS 80601 - «---AREA CODE. 312 726 Mu - " (
STERN DIVISION MANAGER ‘ : PLEASE ADDRESS. ALL CORRESPONDENCE TO:
GAIL D. PALMER ‘ : I : L 224 South Carbon Avenue: -~
: , o ‘ - : ,  Price, Utah 84501 -
= : : ‘ _ I , ' Phone: (801) 637-7540
; . m_OP NIINING C:O . s o s'”‘“ sos March 2,* 1982 . : v S L

Huntlngton , Utah 84528

- Sample identification

by :
- Co~op Mining Co.
; - #2 :
Kind of sample
~ reported to us . Coal
" Sample taken at  xxxX
Sample taken by  Co-op Mining €o.
Date sampled KHXK
Date receivéd: 2-26-82
. : Cel R , Analysis report no. 57-8990

SHORT PROXIMATE ANALYSIS

As Received Dry Basis

$ Moisture 4.70 XXXXX
% Ash 7.49 7.86 -

-~ Btuw/lb 12937 13575

% Sul fur 0.41 - 0.43

% Air Dry loss

Moisture, Ash—free Btu

Pounds of SO2 per 1076 Btu
Moist, Mineral matter free Btu *
(Based on as rec'd moisture)*
Pounds of Sulfur per 1076 Btu

3.07
14733
0.63
14088

Wonwnon

0.32

- JAGK B, BLAIR, Manager, Price Laboratory
Originat Copy Watermarked wh ' ry
o For Your Protection

Charier Member
mu.mas MY « BIRMINGHAM, AL « CHARLESTON, WV -GWG WV » CLEVELAND, OH » CONNEAUT, OH « BENVER,CO - QOLDEN, CO » HELPER, UT « HENDERSON, KY + HOUSTON, TX + JASFER, AL
MIDDLESBORO, KV » MOBILE, AL » NEW BETHLEHEM, PA « NEW-ORLEANS, LA « NORFOLK, VA « PALISADE, NOME\"LLE KY « SALINA, UT + 80, HOLLAND, i « TOLERO. OM » vmnuvu B.C.CAN,



T L DAL R TR S B e
S.anple No., ____.,u_P.,.a__J,s,_ L lsgs Seri.alNo. 0174579 Lt

- Locatmn Co—op Mine Eggg ghgnﬂg]__ﬁmup]e
. L e T 16 S RZE
‘~‘eam Bear Canvon Seam . _Formahon ____&J_g;;kh;mk i
'. nm_knes, Samplpd 7 L ,Date Sampled May 8, 1975 JRER
e Proximate Analys.\s ~ S " Ultimate Analysis A Ay v
it . AD - AR Dry  MAF AD AR Dvy Mm R R
W 45.6 44.8 47.7  50.8 C.72.6 71.4 76.0 80.9
oo FC 441 43,3 46.2 ,49.2 N 13 1.3 1. 1.5
.. Ash 59 58 671 0 13.8 151 0.4 1.
g:stu/lb 13140 129]0 13740 14640 _ S 0.5 0.5 . 0.5  .0.5
- ORMS UF SULFUR: Sulfate Pyritic Orgamc | | "
o o Asereceived 0,02 0.16 0.30 : ' S
; LSt -Tres ~Qi0.‘02 017 0.32 0 Free-swelling index No. 2 1/2
) M. and asn»free 10,02 0.18 0.3 - : e I
:R;sc;. mmm BY VARIGUS DETERMINATIONS (Coal as recewed) SOCTI Bl
’ s (wm) 1 F (i.pm, <20 Hg (ppm) ~0.03 Sb (PP‘“) - Se (ppm)  1-.3
‘ CRACE LLEMLNP), HOSTLY ATOMIC AB‘ORPTION ON ASH ; o i :
gl & 2 39 e e PD‘"f 97 - In (ppm) 319
‘ NepU i 2,96 - bidppa) _ge Mn (ppm) 200 .
W e kb (pem) T o5
OZLAYED M:UMON DEIERMINATION OF U‘W\IUM AND (HORIUM
gz Tho 5, 0247 eew -
| SERIQUENTYITATIVE 6-STEP SPECTRUGRAPHIC ANPLYSIS OF THF AsH - : ‘
‘ “Greater than 10%; N=Not detected; L=Detected, but beilvw 1ot m‘ CELRY LG
ced 80 _  be (ppm)__u,_ P (ppm)_30 W fnacin_ R g
% V5 B TN T pg , N Yol30. e N
Tooa% 6 T o TN gy T Y /1 TR T TR Sy
v.% 03 Co | . SNz TlTa T oty T
AR Cr 70 " ScTTTNETTT G TNy L
w (o) 180 . G 0T S TR g e 20 iR N
s {ppi) N La (ppm) N Sr (ppm) ‘ 500ue (ppm) 20 Ai ‘;’4; : 7.0
Au N Mo 1% Te N , Hf N qlx'xf,“::-o : o
co 1500 N 20 U § tn N K N
Ha : 1500 Nis : 20 V 70 ) L’l’ ' a2 ‘ N
um ED FOR ONLY WHEN La OR Ce FOUND . AL203 ----~-- 11.0% .
| o . ag ) S03 cecmmeen- =9 FMb
s ; Fusibility of ash- temp. °F. Ash CL mmmmmmmmm 0.10% ‘
CiNd oo Initial Deform., ==~---2190 , Co,,.ro',‘-,'-},,; ‘ CAO __.__;______2;‘ 0%
: sm ~ Softening -=--weconeua. 2250 ' SI02 memccenan 25— 240%
& B N Fliud —memeeeeeoeao22300 | P25 —memeeecp7ay
. / : e K S ‘ ) ‘ TIOZ """':"""‘0;7)% ‘ ’
% Ash determined gravinetrically ashed at 525° C. -5,8 FE203 ool e pe0R o
~ e ~ - 7 0174 !
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AVERAGE COAL ANALYSES HIAWATHA NE QUADRANGLE -

‘TABLE 2 (AFTER DoELLING, 1972)

No. - As-received (percent)
’Analyses Average ‘Range
~ BEAR CANYOWN BED |
Mclsture | 6 6.8  4.5-10.9 o
Volatile matterj 6 43.8 37.4-46.0 |
'Fixed carbon 6 45,7 44.9-46.0
Ash LT 6 4.5  3.8- 5.8
Sulfur 6 0.53 “0}5? 0}6 e
Btu/1b e 6 13,014  10,840-13,530 |
. CBLIND CANYON BED o
“Moi_stku,re " 10 4.8 3.8-'5.3
Volatile matter 9 41.7 40.2-44.7
Fixed carbon 9 44.3 39.2-48.3
Ash 10 R.9 58124
sulfur i 0.58 0.5- 0.6
Btu/lb 9 12,492 11 700-13,080
HIAWATHA BED = |
Moisture 370 5.6 0.7 -11.0
Volatile matter 357 S 42.3 36.3 -46.4
Fixed carbon 357 45.7 38.3 ~52.7
Ash 359 6.2 3.3 -11.2
‘Sulfur 330 0.6l 0.29- 1.1
Btu/lb 365 12,719

11,521-13,600
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COMMERCIAL TESTING & ENGINEERING CO. g

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60801 - AREA CODE 312 726-8434 = o

W RN DIVISION MANAGER : - R L ~ PLEASE ADDRESS ALL CORRESPONDENCE TO‘ B
LLOYD W. TAYLOR, JR. = : - ~ ¢ _ y 10775 EAST 51st AVE., DENVER, COLQ. 80239 " -
: ' : E v a OFFICE TEL. (303) 373—4772 s

| CO-OP MINING COMPANY
~Box No. - 300 ‘ £
 Iuntington, Utah 84528

SINCE 1808

June 25, 197’9(

Sample |dentmcatlon
by )

| ~Kind of sample . e o L S / k |
reported to us  F1oor Rack ’ - . ,C: 0P Miz ing Co

Sample takenat | XwoX  sampleNo. 57—2162 (crae Helper)
Sample taken by~ Q0=OP Mining Co. . v Huntlngton Canyon

* Date sampled - XXXXX

Daté received ~ 5-24-79

. T R o o ~  Analysis report no. 7‘2’8‘266‘0

| L |  SOIL ANALYSTS
pr* S 8.4
Sodium S 54

Caleiam .61
Mangesium c : 4.4

" sodium Adsorption Ratio 6.4

' pyrite (as S-CaQ03 eq t/1000T 0.0
Sand % ' 65
silt & = 26

Clay % : _ 9

: . : ; : ) ‘ ) - Respectfully submitted,
‘ . ! ERE o » COMMERCIALTESTING&ENGINEERING CO

riginal Copy Watermarked . : A : ) .

-'For Your Protection : o Lo ‘ : @, D. PALMER, Manager, Denver-Laboratory

' cmmr mmw*
. BILLINGS, MT BIRMINGHAM, AL « CHARLESTON, WV CLAﬂKSBuBG WV« CLEVELAND, OH » DENVER, €O« GOLDEN, CO » HELPER, UT + HENDERSON, KY « .IASPER Alis MIDDLESBORO, KY

MDBILE, AL ~ NEW BETHLENEM, PR+ NEW ORLEANS, LA + NORFOLK. VA + PALISADE, €O » PIKEVILLE, KY o SALINA, UT « 80, HOLLAND, il » TOLEDO, OH + VANCOUVER, 8.C. CAN.
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COMMERCIAL TESTING & ENGINEERING CO.
‘GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60501 +“AREA ‘CODE 312 726- 8434 : -
WESTERN DIVISION MANAGER o 1  PLEASE ADDRESS ALL CORRESPONDENCE ch— '
LLOYD W. TAYLOR, JR, - s ~ : : 10775 EAST 51st AVE., DENVER, COLO. 8023
OFFlCE TEL. (303) 3734772
00-OP MINING COMPANY = L » n June 25, 1979
Box No.: 300 : ’ ‘ ‘
‘Huntington, Utah g : . S A LA
- S i - T e Sample sdentmcation F A A
Kind of Sample o L ' ) ' . B L R W\ S
reported to us - Roof Rock . , L : CO—-OP Munng Co. : N
Sample taken 8t xyxx . ‘ " sample No. 57-2163 (cr&r; Helper)
i ) | ~ CO-OP Mine No. 2
__Sample taken by CO-0P. Mining Co. ‘ - _....Huntington Canyon
' Date sampled R » ' ' k ‘
Date received 5-24-79

Analysis report no, . 72-82661

SOIL ANALYSIS | a0 E e . ‘,
pH | _. - 8 | - ‘,
Sodium’ | B 12.5 |
Calcium = .34 |
Magnesium | . .76 i
Sodlum Adsdxption Ratio 16.9
pyrite (as S~CaC03  eq t/1000T) 0.0 |
Sand % -

Silt %
Clay %

Respectfully submitted,
COMMERCIAL TESTING & ENGINEERING CO

Origir%pgo/pvs\l;ter;arked G : | | : &p 0&%“/

For Your Protection R ‘ , o ' G.D. PALMER, Manager, Denver Laboratory

Charter Membcr
BILLINGS, MT » BIRMINGHAM, AL « CHARLESTON WV « CLARKSBURG VlV CLEVELAND OH» DENVER, 0O » GOLDEN, CO » HELPER, UT « « HENDERSON, KY « JASPER, AL « MIDDUESBORO, KY : ;

MOBILE, AL + NEW BETHLEHEM, PA + NEW OHLEANS, LA » NOHFOLK VA« PAL uDE CO = PIKEVILLE, KY + SALINA, AFT - SO. NQLLAND L s TOLEDO. OH « VANCOQUVER, B.C. (,AN
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SECTION 7

HYDROLOGY

' i M
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SCOPE AND INVESTIGATIONS

%

N

_The purpose of this section is to provide ‘background information on the
hydrogeology characteristics of the Co-Op Mining Company's _Bear Canyon Mine
permit area and the surrounding regional area. Also to present a plan of
action for complying with the requirements of the Office of Surface Mining
(0sM) and the Utah Division of Oil, Gas and Mining (DOGM). In particular, this
section includes an evaluation of the geological and hydrological setting of
the mine, its relation to the regional ground water and surface water hydrology

and its probable impact on the groundwater and surface water systems.

Tnformation gained from field reconnaissance and a review of data from
various sources was used in compiling this section. The data sources included
information from the Co-Op Mining Company, reports by the U. S. Geological
Survey, Utah Geological and Mineral Survey, U. S. Forest Service and mine
application permits on file with OSM (specifically those in the Huntington

Canyon area).

7.1 GROUNDWATER HYDROLOGY

7.1.1 REGIONAL AREA
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The Bear Canyon Mine is part of the Wasatch Plateau coal field which
in turn is part of the High Plateaus area of the Upper‘Colorado River
Region.. Available data on groundwater resources for this area is rather
scarce. Most of the water supply development has been limited almost
entirely to surface water. In general, what records are available are the
result of information gathering on specific problems, mostly gas and oil
wells, rather than as part of a continuous data-gathering program.

Previous experiences at local area mines are the best data sources.

The Wasatch Plateau has been characterized as a groundwater recharge
area. The high elevations with the resulting large snowfalls combine with
the generally flat profile of the plateau in enhancing infiltration of
water. Despite this, practically all precipitation is consumed at or near
the place of fall by sublimation and evapo-transpiration: or becomes
overland run-off. The water that doés infiltrate into the ground
generally discharges within a short distance as springs orAseepé. Only
about 4 percent of precipitation is estimated to become gfoundwater

recharge (Price and Arhow,'74).

The groundwater yield from the Wasatch Plateau strata is usually very
low. For the most part, the strata consist of consolidated and semi-
-consolidated sedimentary rock which have low hydraulic conductivities and
spécific yields between .2 and 2.0 percent. Yields to individual wells

are generally less than 50 gpm. Higher yields might be available
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‘ ' from the Star Point Sandstone stratum or from local perched water zones.
Ordinarily, however, perched water bodies could not sustain large perenn-

ial yields (Price and Waddell,'73).

7.1.2 MINE PLAN AND ADJACENT AREAS

Groundwater for the area seems to be derived from snowmelt. Thé
recharge occurs on the plateau top with the snowmelt infiltrating the
strata through faults and rock f£fractures. in order to determine the
source of recharge; samples of water from rain, snow, springs, seeps and
mines were analyzed for concentrations of deuterium. The results of the
analyses showed that deuterium concentrations were similar in snow, spring
and mine water but were different in rain water (snow and spring values:

‘ ~120 to -154, rain values: -54 to -85; Danielson,'81). See Table 7-1.

Recharge for the Bear Canyon area comes from water percolation and
infilﬁration on Gentry Mountain and Ridge. The downward vertical movement
of water is commonly impeded by low permeability beds of shale and mud-
stone in the North Horn, Price River, and Blackhawk Formations. Much of
the recharge from snowmelt in the higher parts of the region is discharged
by a large number of springs close to the original recharge areas. The
water is discharged by springs and seeps where the low permeability rocks .
outcrop at the land surface, particularly along the sides of the many deep

canyons' walls.

. Groundwater generally moves from areas of recharge in ‘the higher

parts of the region in a southerly direction to areas of discharges.



TABLE 7-1

--Concentrations of deuterium in rain, snow, spring walers, and waters in mines
[Analyses by Centre D’Etudes Nucleaires de Saclay, France]

Location: See explanation of data-site-numbering system in text, plate 1, and figure 16.

Source: 1, rain; 2, snow; 3, spring water; 4, Wilberg Mine water; 5, Deer Creek Mine water. )

Date:  As shown except for source 1, accumulated rain June-October 1978;.source 2, core of accumulated
snow October 1978-May 1979. v

Altitude: In feet above National Geodetic Vertical Datum of 1929.

Value:  Value = (D/H) sample — {D/H) SMOW x 1,000;

(D/H) SMOwW
where
H = hydrogen content,
D = deuterium content, and
SMOW = Standard Mean Ocean Water (Craig, 1961).
Location Source Date Altitude VYalue Location Source Date Altitude Yalue

{D-14-6)7cbb 2 - 8,520 —-147.1 {D-16-2)35abc-51 3 8- 9-79 6,620 —-123.2
13cdb 2 - 8,520 —~147.1 {D-16-8)5bac-S1 3 5-16-79 8,400 -120.8
14daa 1 - 8,350 -84.5 {D-17-6}11cdc 2 - 8,100  —141.7
21dca 2 - 9,020 —-121.2 233aa-S1 3 8- 9-79 7,766 —-1276
28abce 1 - 8,860 —84.3 25bdd 1 - 7,280 -54.4
{D-15-6)13dad-S1 3 8-23-79 8,320 ~129.9 {D-17-7)5cad-S1 3 5-16-79 9,320 » -153.7
{D-15-7)5dbb 2 - 8,020 —~1403 10cbd 5 8- 2-79 - —-125.8
29dca 2 - 7,520 —~125.5 10ccb 5 8- 2-79 - ~122.5

34cdd-S1 3 8-22-79 8,000 —1258 16aad 5 8- 279 -
34dac 2 - 8,000 ~122.8 16cdd 5 8- 2-79 - -~123.2
35cbe-S1 3 8- 4-78 ‘ 8,010 ~126.7 18abb-S1 3 8- 8-79 8,980 -125.1
35dba 2 — 9,060 —145.8 18dcd-S1 3 8- 8-79 8,960 —~125.7
{D-16-5}16ddb 2 - 9,820 -148.0 20cca 4 7- 5-79 - —121.6
{D-16-6}1aca-S1 3 11- 8-78 8.320 —125.% 20ccb 4 7- 579 - =122.7
3 7-19-79 8,320 -124.9 20dcc 4 7- 5-79 - -122.2
23cad 2 - 10,200 —145.2 : 21azb 5 8- 2-79 - —-123.2
27223 2 - 9,250 -137.0 21bad 3 8-30-78 - —-123.7
27adb 1 - 9,120 -77.8 21cbe 4 7- 5-79 - -122.2
{O-16-7)9cbd-S1 3 10-13-78 7,600 —124.7 21dbd 5 8- 2-79 - -~122.5
3 8- 3-79 7.600 ~124.1 21dda 4 8-30-78 — -123.8
13bac-S1 3 5-16-79 9,180 -~119.8 22abd 5 8- 2-79 - ~-1223
17ccb-S1 3 9- 5-78 . 8,060 -122.5 22cab 4 7- 5-79 - —-121.8
21bbb-S1 3 9- 5.78 7.600 —-124.8 22cch 4 8-30-78 - —122.%
22bbb-S1 3 9- 7-78 7,220 -127.9 22cdc 4 7- 579 - ~121.7
23ceb 2 - 7,020 -136.6 27bac 4 7- 579 - —123.1
26adc-S1 3 5-11-79 7,120 —-124.0 4 7- 579 - —1223
26bca-S 3 8- 9-79 6,860 -125.% 28abe 4 8-30-78 - —122.2
26cba 2 - 7680  —123.7 "~ 28bad 4 7- 5-79 - -1219
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Except where folded, the regional dip of rocks in the area generally is in
a southerly direction at angles that rarely exceed 4 < degrees
{(Danielson, '8l). Most of the horizontal movement of groundwater of any

significant distance is in the Star Point-Blackhawk aquifer. The Star

Point formation seems to be the 1limit of vertical movement for local.

groundwater because of the impermeability and thickness of the underlying'

Mancos shale.

The rate of groundwater moves varies greatly throughout the area as

pointed out below.

"The rate at which water moves through the ground-
water system depends largely on the permeability of the
rock through which water flows. It may take only a few
days for water to flow through solution cavities in the
Flagstaff Limestone from recharge area to discharge point;
it may take years for water to travel the same distance
through the less permeable Blackhawk Formation. Six water
samples from the Star Point-Blackhawk aquifer were collect-
ed in 1979 from seepage areas...and from springs... All
six samples contained detectable concentration of tritium,
indicating that at least some of the water had been re--
charged to the system within the past 10 to 30 years.

Rapid movement of water through the groundwater system
is indicated by the rapid response of spring discharge to
‘changes in recharge. Generally, prior to construction of
Electric Lake in 1972, most of the discharge of Huntington
Creek during the fall of each year was derived from ground-
water discharge. The magnitude of base flow at gaging
station 09328000 during November correlates well with the
water content of the previous April 1 snowpack; it reflects
a rapid response in base flow to melting of the snow and
resulting groundwater recharge." (Danielson,'81)

The relative imperviousness of most of the rock strata of the area

" inhibits groundwater movement, what rapid movement there is is along fault

lines and through fractured rock.

MR
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. .7.1.2.1 MINE PLAN AQUIFERS

The only regionally recharged aquifer in the mine plan or adjacent
areas is the Star Point-Blackhawk aquifer. This aquifer is the source for
the Bear Canyon Spring and most of the large perennial springs in the
vicinity. According to Mr. Bruce N. Kaliser, State Hydrologist {see
Appendix 7-A), what is happening with the aquifer in the vicinity of the
mine is "...to the north where principally the snow accumulates on Gentry
Mountain, there is a recharge that is vertical down to the water table
through the Blackhawk, and there is a recharge also from those channels
which are from those drainages which are lying along the joint and fault
bed. That vertical migration then‘reaches the Star Point and travels
laterally along shear zones, prominent joint or faults and emerges where
topography dissects the formation. I think all this is happening wéll

below the mine.”

Mr. Kaliser also mentioned, "I don't believe that at that locality
(Bear Canyon Mine) there is precipitation recharging the aquifer, and so
I am of the opinion that the mining operation will not affect the dis-

charge on the spring (Bear Canyon Spring)."”

The water in the aquifer is mainly used indirectly where it is the
supply source for numerous springs. Groundwater development for the whole
region is very low, with most water development being associated with

surface water.
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Other than Star ?oint, any -aquifers in the mine plan area would be
local perched water zones. Recharge available to any perched zone would
be limited because of the topography and stratum geology of the area. The
majority of water movement in the region is through faults and fractures,
"But in entering the mine that Co-Op will be going into, it appears that
faults evident in that mine undergrQund are tight..." (Kaliserx,'80), again

limiting the amount of water available to any perched watexr zones present.

7.1.2.2 QUALITY AND QUANTITY OF GROUNDWATER

In 1981 the U. S. Geological Survey conducted a hydrological study of
the upper drainages of the Huntington and Cottonwood Creeks (W.R.I.
Open-file Report 81-539, Danielson). As part of this study spring water
from various geological stratum units in the region were measured, sampled
and analyzed. A summary of the results are shown in Table 7-2. Figure

7-1 shows the relationships of the formations.

It should be noted that none of the formations yielded a total
dissolved solids higher than 750 mg/l and anything less than 1,000 mg/1
T.D.S. is considered fresh water. Table 7-3 shows the comparison between
the results of a chemical analysis (Danielson) done on Bear Canyon Spring
and Federal and State water standards. It should be noted that the spring

was within standards for all parameters measured.

Only a very small amount of groundwater quality information is
available for the Bear Canyon Mine Vicinity. As part of the above men-

tioned study, field measurements'and chemical analysis were performed on



No. Samples
Mean
Minimum
Maximum

No. Samples
Mean
Minimum
Maximum

No. Samples
Mean
Minimum
Maximum

No. Samples
Mean
Minimum
Maximum

No. Samples
Mean
Minimum
Maximum

No. Samples
Mean
Minimum
Maximum

TABLE 7-2

Summary of chemical characteristics of spring waters from different water-bearing zones
in and adjacent to the upper drainages of Huntington and Cottonwood Creeks '

pH

{units)

51
15

8.5

18
7.5
6.5
8.2

7.5

8.1

31
7.4
6.3
8.1

128
7.5
6.3
8.5

Temper- Dissolved Dissolved Dissolved D
ature

°c)

51 -
6.3

17.0

18
6.3
3.8

16.0

3
6.1

13.0

19

28
11.0

128
63

17.0

Milligrams per liter

issolved .. Dissolved Dissolved Dissolved
calcium magnesium  sodium potessium  chloride suifate solids  Bicarbonate.
North Horn Formation
51 51 51 51 51 51 43 51
61 29 19 9 9.8 32 290 320
15 2.0 1.2 2 1.2 2.1 - 63 49
100 63 94 1.9 54 180 633 500
Price River Formation
18 i8 18 18 18 18 17 18
63 18 5.7 13 5.1 23 220 260
12 29 1.4 4 1.5 3.7 50 39
87 51 39 3.4 18 120 524 427
Castlegate Sandstone
9 9 9 9 S 9 9 g
60 29 7.1 1.3 5.6 33 290 300-
41 14 2.1 9 3.6 4.0 163 183
79 41 23 24 14 110 385 ‘370
Blackhawk Formation
31 31 3 31 " 3% 31 - 30 3
57 19 4.1 1.1 43 21 220 250
15 2.0 1.2 2 1.2 2.1 53 49
98 52 16 3.5 16 120 539 460
Star Point Sandstone
19 19 19 19 19 19 18 19
75 40 8.0 2.0 6.9 77 370 350
48 3.0 R .9 2.7 13 213 244
120 89 26 4.9 27 300 750 4217
All Units
128 128 128 128 128 128 132 128
62 27 11.0 1.2 7.1 34 295 300
12 2.0 A 2 1.2 2.1 50 39 - -
120 89 94 4.9 54 300 750 500
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TABLE 7-3

COMPARISON OF BEAR CANYON SPRING WATER QUALITY

DATA W/STANDARDS

pH (unit
Temp (C°
Spec Con

s)
)
d {(umhos)

TDS (mg/1)

Iron (mg/l) (total-

dissolve
dissolve
Sulfate
Chloride
Calcium

a

4)

(mg/1)
(mg/1)

(mg/1)

‘ Magnesium (mg/1)
Sodium (mg/1)

Bicarbonate (mg/l1)

Carbonat
Fluoride

e (mg/1)
(mg/1)

Silica (mg/1)
Total ALK as CaCo
Boron (mg/1)
Potassium (mg/1)
Strontium (mg/1)

3

Spring

OCTOBER 3, 1977

Federal Drinking
Water Criteria

6.5 - 8.5

500

0.3 total

250
250
200
150
200
500

0.7 - 1.2

TABLE 7-4

ptah Division of
Health Water Standards

Domestic
Waterxr
Class 1A

6.5 - 9.0

Case by

1.4 - 2.4

Aquatic
Life
Class 3A

6.5 - 2.0

less than

case basis

0.05

0.002

o e s

Field determinations of discharge, specific conductance, pH, water temperature

LOCATION

‘D-—l6-7) 26ADC-S1

GEO-
LOGIC
UNIT

211SRPN
211SRPN
211SRPN
211SRPN

DATE
OF
SAMPLE

78-04-27
78-05-26
78-06-09
78-06-23

7
AL

VV
ALTI-
TUDE

7120.00
7120.00
7120.00
7120.00

\

% P :§;E-

CIFIC

CON~
DIS~- pucCT-
CHARGE ANCE

110 -
110 -
120 -
130 -

alkalinity at selected springs -- Continued

ALKA-
LINITY
FIELD-

PH  TEMPER- (MG/L)
ATURE AS
(GAL/MIN) (UMHOS) (UNITS) (DEG C) CACO,

20

and



TABLE 7-4

Field determinations of discharge, specific conductance, pH, water temperature and

alkalinity at selected springs —-- Continued

SPE~- ALKA~

CIFIC LINITY

GEO- DATE CON- FIELD

LOGIC OF ALTI- DIS- DUCT- PH TEMPER- (MG/L)
LOCATION UNIT SAMPLE TUDE CHARGE ANCE ATURE AS

(GAL/MIN) (UMHOS) (UNITS) (DEG C) CACO3
(D-16~7) 26ADC-S1 211SRPN 78-04-27 7120.00 110 - - - -
211SRPN  78-05-26 7120.00 110 - - - -
211SRPN  78-06-09 7120.00 120 - _ - -
211SRPN  78-06-23 7120.00 130 - - - -
211SRPN  78-07-06 7120.00 150 - - - -—
211SRPN = 78-07-28 7120.00 150 - - - -
211SRPN  78-08-10 7120.00 160 - - - -
211SRPN . 78-08-30 7120.00 155 -- - - -
211SRPN 78-10-13 7120.00 165 - - - -
211SRPN  78-10-25 7120.00 160 - - -- -
' 211SRPN  78-11-01 7120.00 155 - - - -
211SRPN- 78-12-13 7120.00 145 - - - -
211SRPN  79-03-07 7120.00 135 - - - -
(D-16-7) 26BCA-S1 211SRPN  78-05-25 6860.00 23 - - - -
211SRPN  78-08-10 6860.00 19 - - 11.0 -
211SRPN  78-~10-11 6860.00 19 - -= 11.0 -
211SRPN  78-11-07 6860.00 19 - - 10.5 —_
211SRPN  78-12-13 6860.00 19 - - 10.0 -
211SRPN  79-06-14 6860.00 10 - - 11.0 -
211SRPN  79-06-28 6860.00 10 720 8.0 11.0 -
211SRPN  79-07-20 6860.00 9.3 660 7.0 11.5 -
211SRPN  79-08-22 6860.00 21 750 - 10.5 -
211SRPN  79-09-17 6860.00 19 750 - 10.5 -
211SRPN  79-10-16 6860.00 20 680 - 11.5 -
(D-16~7) 26CBB~S1 211SRPN  78-08-10 6950.00 57 - - 11.0 -
211SRPN  78-10-11 6950.00 57 - - 10.0 -~
211SRPN  78-11-07 6950.00 57 - - 10.0 -
211SRPN  78-12-13 6950.00 57 - - 10.0 -
211SRPN  79-05-10 6950.00 44 - - - -
211SRPN  79-06-28 6950.00 30 820 7.6 10.5 -
211SRPN  79-07-16 6950.00 27 710 7.0 12.5 -
211SRPN  79-09-18 6950.00 65 760 - 9.5 -
‘ 211SRPN  79-10-18 6950.00 60 750 - 11.0 -



(D-16-7) 26BCA-51

{D-16-7) 26CBB-S1

(D-16~7) 27ADC-S1

(D-16-7) 35ABC-51

211SRPN
211SRPN
211SRPN

211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN

211SRPN
211SRPN
211SRPN
211SRPN
211SRPN

211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN

211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN

211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN
211SRPN

111ALVM
111ALVM
111ALVM
111ALVM

111ALVM

78-07-06
78-07-28
78-08-10

78-08-30
78-10-13
78-10-25
78-11-01
78-12-13

79-03-07"

78-05-25
78-08-10
78-10-11
78-11~-07
78-12-13

79-06-14
79-06-28
79-07~20
79-08-22
79-09-17
79-10-16

78-08-10
78-10-11
78-11-07
78-12-13
79-05-10
79-06~-28
79-07-16
79-09-18
79-10-18

78-08-10
78-10-11
78-11-07
78-12-~13
79-05-10
79-06-28
79-08-22
79-09-18
79-10-18

78-10-13
78-11-08
78-12-11
79-05-11
79-06-28

7120.00 150
7120.00 150
7120.00 160
7120.00 155
7120.00 165
7120.00 160
7120.00 155
7120.00 145
7120.00 135
6860.00 23
6860.00 19
6860.00 19
6860.00 19
6860.00 19
6860.00 10
6860.00 10
6860.00 9.3
6860. 00 21
6860.00 19
6860.00 20
6950.00 57
6950.00 57
6950.00 57
6950. 00 57
6950.00 44
6950.00 30
6950.00 27
6950.00 65
6950.00 60
TABLE 7-4
Continued
7000.00 15
7000.00 5.8
7000.00 4.9
7000.00 5.4
7000.00 .0
7000.00 .0
7000.00 2.0
7000.00 3.4
7000.00 3.1
6620.00 22
6620.00 20
6620.00 23
6620.00 26
6620.00 20



111ALVM
111ALVM
111ALVM
111ALVM
111ALVM
111ALVM

79-07-20
79-08-07
79-08-22
79-08-31
79-09-17
79-10-16

6620.00
6620.00
6620.00
6620.00
6620.00
6620.00

21
35
38
35
40
32

900
760
1080

1090
850

10.5
11.0
10.0

11.0



TABLE 7-5

Chemical Analyses of Water from Selected Springs

(D~16-7) (D-16-7)
Location 26adc-S1 26bca-Sl
Geologic Unit 211SRPN 211SRPN
Date of Sample 10-3-77 8-9-79
Altitude 7,120 6,860
Hardness 320 380
(as CaCOB)
Noncarbonate 64 61
Hardness
{as CaC03)
Discharge (gpm) 75 15
Specific Conductance 550 690
pH 6.8 7.5
Water (°C) 9.5 11.0
Temperature
Dissolved* 78 83
Calcium (as Ca)
Dissolved* 30 42
Magnesium (as Mg)
Dissolved* 4.1 6.6
Sodium (as Na)
Sodium#* .1 .1
Absorption Ratio
Dissolved* 1.1 2.3
Potassium (as K)
Bicarbonate* 310 -

HCO

(as 3)
Carbonate* 0 -

(as CO3)

(D-16-7)

26cbb-S1

211SRPN
8-~22-79
6,950

440

94

54

830

10.0

82

58

21

(D-16-7)

35abc-S1

111ALVM

8-9-79

6,620

510

200

900
7.7

10.0
92
69

24



TABLE 7-5

(continued)
(D-16-7) (D-16-7) (D-16-7) (D-16-7)
Location 26adc-81 26bca-S1 26¢cbb-S1 _ 35abc-S1
Alkalinity* 250 320 350 310
(as CaCO._) :
3

Dissolved* 26 71 140 190
Sulfate (as SOH) ‘
Dissolved* 4.0 8.1 7.3 15
Chloride (as C1)
Dissolved* .1 .2 .2 .2
Fluoride (as F)
Dissolved* 6.6 7.6 7.4 10
Silica (as sioz)
Dissolved Solids,* 303 _ 414 530 591
Sum of Constituents
Dissolved** 20 80 30 ‘ 70
Boron (as B)

. pissolved®* ' T — : 0 20 0
‘Iron (as Fe)
Dissolved** 280 . 360 430 490

Strontium (as Sr)

*units of milligrams/liter
**units of micrograms/liter
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. selected springs. Tables 7-4 and 7-5 list the' results of those measure-
ments and analysis for the Bear Canyon Spring and for adjacent springs
that were analyzed. (See Figure 7-2 for general locations of springs.)

7.1.3 EFFECTS OF MINING OPERATIONS ON GROUNDWATER

Danielson in the U.S.G.S. Open-file Report 81-539 states that:

]

"The effects of underground coal mining on the water
resources of the study area mainly are dependent on the
amount of mine dewatering and the magnitude and a real
extent of mine-related land subsidence....Where subsidence
has not been extensive and where water-bearing zones that
overlie the Star Point-Blackhawk aquifer are perched, it is
unlikely that mine dewatering induces greater recharge to
the groundwater system. Neither is it likely under these
conditions that the flow of springs that issue from the
perched zones or the rate of natural downward leakage into
the Star Point-Blackhawk aquifer are affected by mine
dewatering....It is unlikely that mine dewatering in the

‘ study area has had any adverse effect on the chenical
quality of the groundwater."

The Bear Canyon Mine is a prime example of a mine with 1little
subsidence and little mine dewatering, and what dewatering there is is
from perched water zones. In addition Mr. Kaliser expressed the follow-
ing: ' .

"In brief, my conclusion is that it is highly unlikely

‘that the mine plan as presented to me by the Co-Op Company

would interfere with the quantity or quality of any of

those springs, particularly the one in question, the Bear
Canyon Spring.”

7.1.3.1 MINE DEWATERING

. Water entering the mine will be stored in an underground tank and

utilized for dust control on the roads and surface coal facilities and for
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the mine bathhouse. Co-Op Mining Company possesses water rights for this
purpose at the Trail Canyon portal and currently has an application before
the State Water Rights Division to change the point of diversion to the
Bear Canyon portal. If it becomes necessary to discharge the minewater
other than as noted above it will be discharged to the sedimentation
ponds. Co-Op Mining will monitor these discharges for quantity and_

quality.

7.1.3.2 MITIGATION AND CONTROL PLANS

An agreement between Huntington City and Co-Op Mining Company - has
been established to replace to the City any lost of culinary watex from
the Bear Canyon Spring, either in quality or quantity, due to mining

operations, even though mining is highly unlikely to affect this spring.

Appendix 7-B contains a copy of this agreement between Huntington

City and Co~Op Mining Company.

In the event that Co-Op Mining would need to replace water to
Huntington City, the Company presently owns 300+ shares in the
Huntington-Cleveland Irrigation Company and will purchase additional
shares at some future date 1if necessary. In addition, Co-Op Mining
Company carries liability insurance that includes coverage of water wellg

and springs (see Appendix 7-C).

7.1.3.3 GROUNDWATER MONITORING PLANS
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If during mine operations, an inflow of groundwater is encountered
from a point source with a sustained quantity of 1 gpm or greater over a
30-day period, a regular monitoring point of this groundwater will be
maintained. Monitdring will be on a monthly basis. Samples will be taken
of water quality and quantity with reporting done on a standard sampling
chart. This monitoring will be carried out for a base-line period of one
year or until the area is rendered inaccessible. 1In addition, the under;
ground storage water will be monitored, and in the event discharging froﬁ
the mine becomes necessary; discharged water will be monitored for guality
and quantity. On a guarterly basis, a summary report will be submitted to
DOGM which includes: a map of the underground working showing monitoring
locations, identification of the source, sample gualities and quantities,
and a narrative discussing current inflows, discharggs, storage and uses

of mine groundwater.

COP Development Spring, a small intermittent spring 300 feet
northeast of Bear Creek Spring, will be monitored by Co-Op Mining (see

plate 7-4).

Refer to 7.2.4 Surface Water Monitoring Plans for specifics on flow
calculations and parameters tested for and refer to Figure 7-4 for report-

ing format.



H/C
4-27-84

7.2 SURFACE WATER HYDROLOGY

7.2.1 REGIONAL AND ADJACENT AREAS

The San Rafael River Basin of the Upper Colorado River Region ié
generally classified as an arid basin; The upper drainages along the
Wasatch Plateau receive enough snow precipitation to be classified as
semi-arid to sub-humid with the amount of precipitation increasing with

altitude.

There are eight major reservoirs in the basin. Seven are mainly for
irrigatibn with a total capacity of 85,000 acre-feet and one, with a
capacity of 30,530 acre-feet, is used as the water supply for a
powerplant. Diversions during irrigation season, April to November, from
Huntington, Cottonwood, and Ferron Creeks nearly deplete flows downstream
from these diversions. The flows dbwnstream during this period are mainly

irrigation return flows along with some groundwater seepage.

At points of major diversions on the Huntington, Cottonwood, and
Ferron Creeks the water quality is excellent for irrigation, witﬁ
dissolved-solids concentrations of less than 500 milligrams per liter.
But water at the mouths of these creeks has markedly largé%
dissolved-solids concentrations. This is mainly due to two factors: 1)
in the area between major diversions and the mouths of the creeks, they

cross a belt of exposed Manos Shale 10 to 15 miles wide, 2) this area is
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also where practically all the intensive irrigation in the San Rafael

River Basin is practiced. (Mundoff,'82)

The upper drainage of Huntington Creek encompasses about 200 square
miles of mountainous country in the Wasatch Plateau. About 90 percent of
the area is higher than 8,000 feet. The average channel gradient along
the stream in the area is about 100 feet per mile. In its lower reaches
the stream is in deep, narrow canyons, and surface relief between the
stream channel and the top of adjacent canyon walls is typically 2,000

feet or more. (Danielson, '81)

7.2.1.1 QUANTITY AND QUALITY OF SURFACE WATER

’

According to Danielson, "...about 65 percent of the annual discharge
at the Huntington Creek station (0931800) occurs during the snowmelt
period (April-July). Because most of the streamflow is derived from
snowmelt, annual discharge at the gaging station correlates well with the
April 1 snowpack water cohtent," as shown in Figure 7-2. Figure 7-3
shows the discharge rate into ﬁuntington Creek of the Tie Fork énd
Crandall Canyon streams, both major tributaries to Huntington Creek.
Approximately 80 percent of the discharge from these streams is during the
snowmelt from April to July. Table 7-6 is provided to show discharges oﬁ
a daily basis for a few years, water years 1966-70  (Water Supply Paper

#2125).

As part of the Danielson study, chemical analyses were performed on

selected surface water samples from the area. Table 7-7 is a tabulation
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Figure 7-2-Water content of April 1 snowpack at the Huntington Horseshoe
snow course and the annual discharge of Huntington Creek at gaging
station 09318000, 1950-79. :
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TABLE 7-6

093513000 MUNTINGTON CREEX NEAR HUNTINGTON, UTAH
ft bank 300 ft
LOCATION. --Lat 30%22°17*, long 111%03°43", in SWANEXSE% sec.6, T.17 S., R.83 E., Emery County, on le M
{reviscd) dovnstrean from %arn road bridze. 1 mile upstrea; from Fish Creek, and 7 miles northwest of Hn.nun;
ton. . K
DRAINAGE AREA,--190 sq oi, approxlzately,

PERIOD OF RECORD,~-May 1969 to Septesber 1917, October 1918 to Noveaber 1920 {fragaentary), April 192} to
May 1930, October 1930 to Sepuesber 1970,

y 913
CAGE.--Water-stage rocorder. Altitude of gage §s €,210 ft (from flver-profile wap). Prior to Apr., 30, 1913,
'Mnrecor-l_in: )‘::;a 3 ft dcwnstream at diffcrent datun. May 1, 1913, to Scpt. 10, 1917, water-stage recorder at
site 95 f£¢ upstread at samc datus as preceding gage,
AVERAGE DISCHARGE.=-$$ years (1915-17, 1921-23, 1030-70), 96,7 cts (70,060 acre-ft per year).
EXTREMES, - «Maxisums and mininuns (discharge §{a cubic fest per second, gage height {n foct).

Annual saximua éischatge (*) and poak discharges above base (400 cfs), water years 1966-70

Date Tine Disch, GC.H, Date Tise Disch, G.H. Date Tine Disch. G.H,

Juty 11, 1966 1300 387  3.97  May 30, 1968 2300 724 A7k Scpt.10, 1969 0400 87 4.65
June 19, 1968 D100 s48 4,31  Sept.15, 1969 1500 617 4,38

May 22, 1987 2230 604 4,42 July 30, 1963. 2030 #1,640 6.3 .

Sept. R, 1967 2200 $56 © &.34 . Aug. 1, 1968 '1730 408 3.92 Moy 19, 1970 010D 817 4.83

Sept, 9, 1967 2100 252 4.33 June 10, 1970 1700 622 4,43

: May 13, 1969 2300 717 n .
May I, 1968 2400 $26 4.32  July 19, 1969 1900 644 4.55

Annual sinimum discharge, water yenri 1966-70

¥tr yr Date : P Disch.,  G.H. Wtr yr Date ) Disch. G.H.
1968 Mavr. %, 1986 . 1 2.07 1969 Jan, 24, 1969 .8 1l.70
1967  Feb, 20, 1967 L 6.1 1,96 1970 Feb. 19, 1970 . 3.7 1.64
19588 Nov, 27, 1967 s 12 2.03

Pericd of record: )ta‘xlnu‘ discharge, 2,500 cfs Aug. 2 or 3, 1930 (gage height, 7.5 ft, froa floodmark},
froa rating curve oxtended above 600 cfs; minimum recorded, 2 cfs Nov. 5, 1926,

REMARKS, - +Records good except those for winter periods snd thoss for periods of no gage-height record, which are
fair, Small diversfons for irrigation ahove station, iIncluding transmouatain diversions to tributaries of
San Pitch River (Sevier Lake basin). Sifght rcgulation by small vescrvoirs above station.

REVISIONS,--WSP 1925: Drainage area.

DISCHMARGE, IN CUBIC FEET PER SECONO, WATER YEAR OCTOBER l9‘65 TO SEPTEMBER 1986

oAy . oer NoV (14 AN FES nAR APR By JUN JuL we - ser
] s1 3T - 35 38 28 79 347 130 143 512 11
2 62 38 » 30 39 27 9% 179 124 150 87 4
3 B 3 3 1 30 F3] 101 192 143 146 (34 53
. 10 3 e 3 34 % 87 208 150 143 108 S8
s 1 38 38 3% 37 2r " 220 tas 141 [} 57
[ 78 3 33 3 45 » 1 220 143 132 02 ss
7 78 3% 34 3 AS 36 [ 246 141 14 79 70
s 78 3% 38 36 40 3% 97 253 140 139 % se
] 10 3% 37 38 30 3% 118 268 148 132 1] (3]
10 ” 35 2 » 23 M 122 224 135 120 79 se
11 80 33 3% 3% 23 3 108 233 148 13 133 0
12 60 38 30 3% 22 3% "% ar 137 128 79 61
3] 0 37 37 ELS 2 37 90 187 12 110 7 s
A% ss 33 3 3% 20 A0 ”»" 12 132 103 1 62
15 3 33 27 3% 19 ol 106 182 [ 103 T 'Y
1s (34 38 33 33 19 a1 122 3¢ 150 103 [} 134
1r 65 AL 38 29 20 37 148 182 182 104 sl 53
18 82 3 38 25 2 b14 150 1323 148 101 ol ss
19 60 37 40 3 22 » 128 182 st 101 84 sa
20 £ 38 0 22 2 3 120 [Y1] 1Ay (3] [13 52
2t s 3 at 27 23 37 11 12 152 * 19 2
22 sy 30 o n 24 3 110 172 150 " 78 si
23 ST a0 3 32 27 3s 108 182 Las °? 13 ESY
24 36 29 30 33 29 3% 1t 152 143 ”® 52 50
23 33 3 n " 30 3 13?7 182 13 [ 1Y 82 as
2 62 30 » 33 23 38 160 146 138 " 4 (3,
21 [ 28 35 3% 29 4 157 132 128 2 51 - 49
20 39 23 37 38 27 a8 150 135 124 (3 48 53
29 37 29 38 3 eemeis 52 150 150 12 94 A9 a5
30 b1 30 40 3P ememee [N 180 186 132 103 s2 E)
Y 34 meemee 39 F R SR 13 137 emeeme *” "0
TOTAL 1886 1,053 1o11¢ 14033 T84 1170 3,439 - 5,79 4,283 3893 2,336 1002
MEAN 60,9 3%.1 361 33.3 20.0 3T.T 115 187 142 113 16,0 5s.8
nax ”» ““ a 3 A5 o6 160 284 182 130 n2 8
(1] 3 23 27 22 19 21 1 2 124 " 48 Ay
ACSET 3,740 24090 20220 2,050 1,380 2,310 60880 10,390 8,420 4)MI0  ART0 . 3,380
CAL YR 1985 TOTAL 47,126  KEAN 133 RAX 646  WiN 13 AC-FT 97,440

MTR YR 1966 TOTAL 28,092 MEAN 77,0 BAX 204 NIN 19  AC-FT 55,720



TABLE 7-6 Continued

02313060 NUNTINGYON CREEK NEAR HUNTINGTON, UTAH--CONTINUED
OISCHARGE, IN CUBIC FEET PER SECOND, WATZR YEAA OCTOBER 1964 TO SEPTEMBER 1957

DAY ocy Nov (-1 Y (13 RAR APR nAY Jun S LU ser
1 s2 24 22 19 2 28 3 s» 333 244 152 1ns
2 3 24 24 19 18 Ei 34 87 346 238 159 110
3 3 24 2% 19 18 27 34 37 342 235 139 a
4 sr 24 19 19 18 2t 3% s? 342 220 124 133
3 43 23 22 19 18 21 » sé m 200 118 [1]
[ 40 2% 30 1o 18 24 ” 1) 375 100 31 (34
? 35 26 28 19 18 28 38 1y 3 175 s 2
s 32 27 27 19 17 25 a1 104 338 180 124 104
9 32 21 22 19 18 31 38 124 314 150 124 (31
to 32 28 20 19 20 28 38 1 308 ©1as 118 a
11 32 27 20 19 18 29 133 126 3t 148 126 10
12 3?2 2 20 19 13 30 A0 97 336 150 118 59
13 38 24 20 1 17 30 37 90 339 130 1is s6
14 35 27 20 19 134 29 3 81 sy 134 1o 85
13 32 27 20 19 14 27 0 1 368 139 120 33

16 29 27 20 1 16 32 4 138 3s8 in 120 s
17 27 27 20 19 7 n a1 .19 336 176 120 (3]
18 F1d 27 20 19 18 » 44 288 339 148 118 53
19 27 24 20 19 17 36 52 353 388 137 116 s3

20 27 26 20 20 1s 32 46 12 TS 126 118 52
22 27 28 20 21 17 n L2 (31 378 31 16 3]

22 27 27 19 22 13 33 &1 as5 378 137 120 70
23 2r 23 19 22 e 3s 38 493 388 150 120 s
246 27 18 19 23 19 38 37 485 364 157 tie b4

25 27 17 19 22 20 3% 38 [ 353 14 113 64

25 27 24 19 22 2 36 38 A27 347 139 118 be
27 2?7 21 12 22 23 s s» 463 332 138 124 3]

28 27 23 19 22 2% 3 &8 461 314 137 122 Py

29 27 29 19 22 meemee b0 2 444 293 152 18 83
30 23 26 19 23 reeaean 33 58 415 ars 137 122 3}

3 23 eemmea 19 23 me—vaw T S S, 302 weenee 154 122  eemme

ToraL 1,070 749 [ 825 515 982 1,270 7,592 10,333 $:030 3,780 2,178

REAN 34,5 25.0 0.9 20.2 18.4 3.0 42,3 243 3485 182 122 2.6

::x 73 - 29 30 23 24 37 I 493 38k 284 159 18
N

25 17 19 19 16 24 34 36 218 tio 110 2
AC~FT 2:.120 12490 1,290 1,240 1.020 1,910 29520 13,080 20,500 94980 7:500 4,320

CAL YR 1986 TOTAL 24,501 MEAN 72,6 MAX 284 MIN 17 AC~FT 52,540
NTR YR 1967 TOTAL 34,756  KEAN 95,2  MAX 43 MIN 16 AL-FT £5,930

DISCHARGE, T CUBIC FEET PER SECONDy WATER YEAR OCTOBEN 19867 YO SEPTEMDEA 1988

OAY ocy Xov bEC AN FEB AR APR mY Jun Jut G SEP
t 59 29 19 22 2 30 4 118 539 189 146 (3]
2 55 29 18 21 22 31 50 143 $3% 176 121 12
3 E3] 21 19 S 22 31 a3 181 548 168 74 13
4 s 25 20 19 22 32 40 18 S 161 (3] [1)
s 54 32 21 18 22 3 4t 207 626 154 70 92
[ ss 27 2 17 22 n al E24) 626 150 [ 91
7 $3 28 22 16 22 32 34 191 543 150 * s 91
3 83 26 23 15 22 3 38 174 Asy 181 s 9
v $3 26 23 16 2 34 184 434 137 - 48 108
10 3 27 H 14 22 30 3 191 37 133 s 106
i $3 28 23 15 22 28 a2 184 386 124 [ 108
12 48 26 23 17 22 27 s0 202 388 1ns [ nz
13 [T 2 23 18 22 3t 33 9 434 nz 82 112
14 [y 26 23 19 22 29 45 168 [N} 104 104 112
13 LY 24 23 20 22 28 51 134 (73 1o 13 1]
1s (34 2% 21 20 22 30 52 157 £33 122 (1] a7
17 AT 28 19 1 22 30 49 159 a8t 122 ss 86
18 A7 23 20 21 2 23 4 194 493 126 80 85
19 4 22 22 21 22 29 42 230 510 122 s6 [
20 (3] 24 27 2 22 2 a2 m 493 128 (T3 2
21 (3] 24 21 21 23 28 42 193 (334 148 As (33
22 43 21 20 21 24 29 [3) 438 423 152 47 78
23 A3 22 19 (3 24 30 o1 382 39t 148 52 T6
24 45 23 13 21 25 30 84 308 364 138 43 78
£ ] 41 24 1 22 21 32 (39 £343 328 157 43 T
s 35 1 13 19 22 28 32 61 304 218 141 Se T4
27 33 17 20 22 29 30 [ 371 241 139 $9 12
28 32 19 2 22 29 32 31 sy 238 139 o8 12
29 28 20 22 22 30 3% s S1e 230 122 [34 (1]
30 28 20 22 22 memmee a1 L1 560 2 143 (1] [Y3
n O 23 22 —eeee- L 582  comeee 124 85 —eeue

T0¥AL 1,432 723 853 812 19 957 1,932 8.291 33,048 4,288 2,377 2,604

HEAN As.2 24.2 211 9.7 3.8 30.9 S1.t 267 433 38 10.2 8.8

::l 5 32 23 22 30 43 99 82 (313 188 148 112
N 1)

L34 16 14 22 24 3 14 F33) 104 A3 (3]
_ACFT 2,840 besso 1,300 1,210 3,350 1,900 3:040 18,450 25,800  8.470 4,320 3.170

CAL YA 3947  TOTAL 33,070 RCAH 95,2  RAX 493 RIH 16 AC-FT 69,8410
HIR YR 1968 TVOTAL 34,978  KEAW 301 RAX 626  KIN 186 AC-FY 73,330

® NOTE.~-RO GLGE-HEIGHT RECORD OCYe 2 TO HOV. 8, JAN. & YO FEB. 14,



TABLE 7-6 Continued

09318009 HUNTINGTON CREEX KEAR HUNTINGTON, UTAH--CONTINUED
OISCHARCE, IM CUBIC FEET PER SECOND, WATER YEAR DCTOBER 1968 TO SEPTEMBER 1969
.

oAy or novY (134 A% FEB AR PR WAY Jun VY UG $ep
1 »n 2 23 28 26 » 82 338 489 1341 102 (3]
2 T4 L4 23 28 26 30 (3] 389 449 158 101, 53
3 &8 T2 23 28 28 28 e 417 427 130 99 ° o3
4 T 35 3 28 2% n 0 a20 404 143 104 "
H T2 n 23 28 28 30 %] L3V E1TY (1% 102 (2]
3 68 32 26 28 26 28 113 S0 378 13 *”» [3Y
7 68 27 26 26 26 3 3 8248 3 133 [ »
3 &3 b1 ES 286 26 29 39 393 332 181 1o E13
[} '3 34 26 26 28 22 58 393 318 159 108 58
1] &3 [} 26 26 26 23 [ 31 9 138 10 101
1 63 2 2 25 2 27 14 458 212 152 112 75
12 83 30 26 28 27 28 84 639 253 148 110 &7
1 &3 30 28 28 2 23 91 858 287 148 101 D3
" [ 2% 26 26 27 30 [H 852 238 148 rs 43
15 o4 2 26 2 a7 29 12 o P2s1 143 84 Y
1 ’0 2 26 26 27 3 64 548 22 137 (1 .2
17 78 26 26 26 27 335 .2 $34 212 130 86 a3
18 1 29 26 26 % 33 82 589 265 130 89 a2
19 12 31 26 28 30 34 9 578, 244 150 (3 A0
20 64 26 26 28 3 2 109 569 224 145 [} 39
13} b4 24 26 28 32 3 143 539 213 132 72 sz
22 81 8 2% 28 30 3s 187 37 197 128 70 4% .
23 b} 30 25 28 28 35 223 535 1958 108 &9 4L N
2¢ [33 22 26 26 k1N 34 258 503 N 102 8Y A4 :
25 50 24 28 28 30 30 245 S1s 259 tot (14 L1 N
{
26 55 o 26 28 29 . 2t0 539 235 2% 67 - 8. ;
2r sa 23 28 26 23 36 190 $94 © s (11 &3 5 ;
28 $9 23 26 26 ” 40 199 600 206 89 58 E1Y
29 53 23 28 28 eeeec. 43 236 582 191 s T6 [73
0 10 23 28 26 eeenen 48 287 78 184 120 5 'Y
3 L 25 28 e [ 1 Jp— S48 wemaae 108 IS ey
T0TAL 2,103 9355 201 808 158 1,052 3,627 17,100  8.541 4,187 2,741 1,759
MEAN 67.9 3.8 5.8 26.0 27.4 32.6 121 552 285 133 28.4 58.6
MAX 8¢ 72 26 26 2 50 287 859 489 1 . 112 101
MR 58 21 2y 26 23 22 58 333 124 ar 65 39
AC~FT 40180 1,890 1,590 1,600 12520 2,010 74190 33,940 18,940 8,170 5,440 3,490

CAL YR 1968 TOTAL 38,029 “MEAN 106  MAX 626 MIN 16  AC~FT 75,430
WIR YR 1969 TOTAL 4,341  MEEZN 121 MAX 657  MIN 21 AC-FT 87,959

DISCHARGE, N CUBIC FEET PER SECOND. WATER YEAR OCTODER 1969 TO SEPTEMBER 1970

BAY ocr NOv DEC JAN e RAR APR KAy Jun Jut AUG SEP
13 (3] &0 30 25 30 3% 24 o 493 182 138 83
2 (1] 5 29 25 30 38 24 13 495 170 104 "
3 (34 3% 29 23 3o s 33 123 503 158 101 13
4 &4 33 36 25 30 33 49 . B4s AT3 150 100 I !
s 39 » 29 23 33 38 A2 (X3 513 152 108 to7
[3 &0 3 30 25 b1 3 42 213 457 148 113 9”7
7 ks 35 E 25 3 s 43 137 450 159 109 84
[ 70 n 30 25 33 39 41 223 482 1) 105 19
k4 58 33 30 25 b1 39 58 224 a8s - 17 83 TS
11 ™ 33 20 25 n 3 ” 224 549 11 .9 [ 23
i1 5 30 30 23 3s 38 &4 238 470 119 2 9%
12 5 2 30 25 37 38 3 245 410 i1 105 93
13 12 3 30 25 3 36 12 259 E2{ 108 111 T
is 72 30 30 25 35 3% 7 ot 382 101 11nl 91
[} 6 30 30 25 35 37 10 322 e 129 . o [ 1 i
18 79 3 35 30 s 33 (34 A05 ki3] 125 168 87 [
17 84 26 - 30 30 34 35 [ 3.4 503 318 124 109 (L)
113 8% Fsd 32 30 29 3 [ 33 384 332 s 108 (13
19 18 28 5 30 23 32 (.13 623 387 114 10 83
20 43 38 3% 35 3 34 8z sre m 178 ns 85
21 £2 30 bad 33 47 33 (33 493 35 176 1313 T4
22 As 27 35 A0 38 34 63 468 352 183 109 LL]
23 o4 25 3 43 37 »n 62 493 345 i7s I 1”3 :
24 as 28 33 39 3 33 &3 490 300 1712 [£] 12 i
235 a8 29 » 3 3 »n 108 300 283 m 70 3
28 41 29 3 3 36 n 129 49 26% 173 11 [ 1]
27 3 24 20 3 36 30 129 L3424 250 143 T4 (2]
28 L3 25 25 28 k1 29 1 s 230 150 ki (2]
29 & 30 25 30 eeemee 29 tis 40y 220 132 77 &3
30 5% 30 25 30 cocwea 21 132 469 200 182 7 (3
3 L I 5 30 e 26 eentema 500 eeee— 140 L2 I
TOTAL. 1.918 %1 39 916 %3 1,058 2,123 11,258 13,344 49311 3,013 22802
HEAN 8.8 32.0 30.3 29,5 34.4 3%.1 T0.8 383 e 148 1.3 © 80}
::1» - 83 80 b13 Ay 47 » - 129 823 349 183 138 10?7
L

33 b 20 25 23 16 K4 10 200 101 T0 63
AC-FT 3800 1910 1,860 1,020 1e910 2,100 4,210 224330 22,300 04930 3900 100

CAL YR 1759 TOTAL 44,276  MEAN 121 mAX %9  RMIN 20 IC-FY’OMBOO . . !
WIR. YR 1970 TOTAL 81,408 MEAN 11> MAXR 623 MIN 20  AC~FT 82,110




TABLE. 7~ 7
Chemical Analyses of Selected Surface Water Samples 1977—79

Concentration: In mitligrams per liter, unless otherwise indicated; <, less than, . . i
Sire No.: Shown on plate 1.

Discharge: Menured except E, estimated,

Specific conductance: in micromhos.per centimeter st 25 degrees Celsius,

Other dots pvailsble: SQS, ive determination of trace elements reported in teble $2.
Dissolved  Oinsolved Dinratvad  Dissolved
Strsem Site No., Date Tempsraturs  Discharge  Alkshinity  Bicstbonate boron calclum Carbonate chioride fluoride
{degrees C} {tth) (v CaCO4) /L)
Huntington Creek 2 81577 15.0 16 140 200 10 49 0 2.5 01
6- 6718 5.5 45 160 190 20 49 0 29 B
Spring Creek 22 81577 15.0 0.25 110 140 20 33 .0 29 .1
6 678 45 25.0 130 160 10 45 v .0 2.9 A
Left Fork of Huntington Creek 23 81577 195 1.8 1o 130 40 s , 0 35 1
Lake Cartyorr 24 81577 15.0 16 160 200 20 57" [+ 2.1 .1
Left Fork of Huntington Craek 34 10-12-77 4.0 8E 120 210 5 54 1 2.3 B
7-2878 16.1 - 130 160 20 45 1 7 B
10-172-78 34 10€ 190 - 20 49 - 23 B}
7:18-79 8.0 0 130 - 30 40 - 1.7 B
10-1579 1.0 ASE 131 160 20 36 - 1.5 A
39 10:12.77 5.6 10€ 200 240 10 55 1 28 B
7-26-78 - 140 170 10 44 [ 17 A
10-17-28 4.7 128 180 - 20 50 - 28 3
7-19-79 15 80 140 - 40 41 - 1.8 .1
101579 10.0 45 146 178 20 38 - 1.7 J
Huntington Creek 41 7.26.78 18.5 140 170 30 41 o 26 -1
10-17-78 55 . J0E 180 - 30 51 - 3.4 3
7-19.79 15 100 140 - 20 43 - 2.2 .1
10-1579 9.5 65 153 186 20 41 - 2.1 B
Crandail Canyon 53 1012.77 30 1.0 220 270 30 59 1 7.8 2
{gaging station 09317919) 7.26-78 18.2 - 190 230 20 54 0 38 B
10-18-78 49 7E 230 - 30 53 - 4.7 R
7-19.79 9.5 1.9 200 -~ 40 48 - 4.4 A
10-15-79 6.0 54 - 288 20 54 - 4.7 A
Wild Cattle Hollove 61 10-13.77 15 70E 200 240 10 67 [+ 5.0 .1
227718 10.1 - 20 250 20 60 0 5.5 .1
10-17.78 6.0 1€ 250 - 50 64 - 5.2 B
7-19.79 9.0 1.5 210 ~ 30 48 - 4 B
10-1579 8.0 25 249 303 20 62 - 48 R
Tie Fork fgaging 67 10-13-77 6.3 A3 190 230 30 63 1 44 1
station 09317920} 6 978 5.3 88 - - - 68 - 36 - i
71-26-78 16.3 - 240 20 53 - 4.4 R
10-17-78 6.4 SOE 250 - 30 64 - 46 R
71979 125 1.8 200 -~ 50 49 - 43 B
101579 80 51 - 302 20 58 - 45 .1
Huntington Creek 68 72178 16.1 420 150 170 20 47 4 2.2 BES
- 10-18-78 6.0 30€ 180 - 30 51 - 32 .1 .
21979 120 105 150 30 51 - 24 A
101579 95 70€ 156 150 30 42 - 2.3 -1
69 2-27-78 15.8 — 150 180 . 46 0 21 .1
10-18.78 5.7 30 190 - 30 53 - 30 R
71879 115 110 140 - 20 40 - 2.1 A :
10-16-79 6.5 70€E 159 194 20 44 - 22 A '
Little Bear Canyon 70 7-27.78 155 - 230 280 30 54 /] 5.6 J [
10-18.78 7.1 5E 150 230 40 65 - 63 .2
1-19-79 135 1.0 240 - 40 47 - 6.5 1
10-16-79 5.0 75 276 337 30 58 - 6.2 .1
Huntington Creek n 1-27-78 126 — 140 170 20 49 0 4.7 .1
10-18-78 5.6 308 180 - 20 52 - 3 B
7-19.29 135 . 10 140 - 50 40 - 22 .1
10-16-79 1o 708 160 195 20 43 - 23 .1
Milt Fork 76 12778 18.2 - 250 300 30 83 0 1.9 A
7-19.79 14.5 14 250 - 80 46 - 9.4 2 -
10-16-79 6.0 .04 295 360 40 58 - 10 B i
i
Huntington Creek 77 7-28.78 132 150 180 20 49 o 25 .1 i
10:18.78 57 30E 160 - 30 50 - 4.6 B H
71979 14.0 110 140 — 50 40 - 23 .1 i
10-16-79 80 75¢ 157 191 20 44 - 2.4 .1 H
Ritda Canyon 78 71576 12.0 50 279 340 40 62 - 1" 2
7-26.78 15.2 230 280 40 59 0 6.6 .1
10-18.78 6.4 35€ 360 - 80 3 - 8.6 .2
7-18-79 1ns 2. 170 - 60 50 - 2.6 .2
10-16-79 1.0 <10 336 410 50 75 - 10 2 H
Huntington Creek 80 81577 17.0 25 160 200 30 43 0 38 R i
6- 6-78 6.0 360 150 180 10 50 o 27 .4 ;
Meetinghouse Canyon 84 8 679 18.5 21 180 - 39 12 5.8 .2 :
Deer Creek 86 826-79 86 26 270 - 110 110 - 7.2 2
87 7-28.78 15.2 20 260 55 0 22 Jd
7.18-719 17.0 10 230 [ 120 65 - 16 .2
Huntington Creck fgaging 88 6. 977 150 - 160 190 30 55 o 39 Ja
station 03318000} 81577 19.0 13 170 210 40 57 o 15 2
6 6-78 65 360 160 190 20 51 (4 9.1 .1 - i
11.14:78 25 16 210 250 S0 60 [ 6.8 )
6.13-79 13.0 216 140 - 20 52 2 33 .2
11179 [ 19 250 - 20 59 0 4.4 .1 {
Cottonwood Creek 103 10-13.727 28 1.0E 180 210 30 66 7 16 B
7.27.18 10.0 - 220 270 30 57 o 8.2 .1
10-19-78 47 28 284 - 40 59 - 86 R
- 7-38.79 14.0 97 240 - 60 42 - 5.9 .2
10-16-79 5.0 - 287 350 60 - 84 .1
Cottonwood Creek (gaging 104 10-13.77 23 1.0¢ 220 260 30 56 1 2.8 .1
station 03324200} 1-21-78 124 - 220 270 30 46 0 8.2 -1
10-19.78 4.7 8€ 260 - 50 52 - 9.8 .1
2-18.79 16.0 97 210 - 50 37 - 9.9 2
1016.79 50 51 277 330 3o 51 4 95 R} :
Grimes Wmh 197 8-26-79 133 .10 260 -~ 40 78 - 12 2 i
108 92926 145 < .01 256 312 10 97 0 22 .2




TABLE 7- 7 Continued -

‘ Concantration

Sodium
Noncarbonate  Dinolved  Dissolysd  Dissolved  Dinolvmd  Divsolvad  Diswotvad  Dinatvad  Divwlved  adwrplion Specific Other data
Harddnma hatdnms bon magnesium - potssslum sitlen sodium solids sullats stronthum eatio =0 conductance svaitable
{5 CsGOy) (s CaCO3} fyo/L) [N funits)
1.0 20 - 1.3 08 a2 29 154 5.7 - 0.} 82 30 -
180 20 - 9 13 31 25 193 20 - R 78 300 ~
120 3 - 5.5 8 2.7 2.0 130 89 - .1 15 220 -
140 8 - 6.6 7 39 1.6 147 1.5 - 4 15 230 -
150 42 - 58 1.2 22 28 191 43 - h 73 300 -
180 13 - 85 E:] 39 1.9 179 - 66 - R | :11] 230G -
200 3 - ” B 5.2 15 102 65 - 1] 8.7 340 -
150 15 — 8.7 3 27 15 147 6.1 - .1 88 240 -
170 2 20 12 7 33 w7 126 4.2 100 R 8.7 303 -
130 1 10 16 5 3.t 1.2 140 7.7 - 0 78 213 -
140 4 10 11 .5 1.0 1.6 136 5.5 - .1 -3 270 -
220 25 - 21 1.2 56 33 220 12 - A 8.4 420 -
150 12 - 10 7 26 1.7 152 66 - R 84 260 -
200 15 <10 7 9 3.7 28 197 1 120 3 84 400 -
140 o 10 8.7 2 30 1.5 150 88 - A 19 283 -
140 0 10 ° 5 14 1.7 150 12 - .1 8.1 267 -
120 k]| = 13 11 4 2.2 169 15 - B 88 300 sas
190 ? 40 15 1.1 35 26 201 16 100 1 83 3eo -
150 6 60 9.4 8 30 14 154 10 - .3 28 or -
160 3 20 13 7 2.1 1.9 165 12 - .1 81 290 -
290 68 - 35 20 7.0 7.2 287 35 - 2 86 470 sas
220 33 21 13 56 43 234 30 - ] 86 480 -
250 22 10 29 1.3 6.3 4.9 273 35 180 1 8 S0 -
220 23 Q 25 1.2 5.2 5.2 240 31 - 1 79 450 -
260 2 20 30 14 6.2 53 282 38 - 1 8.2 430 -
260 61 - 22 1.4 6.5 44 251 - A 83 520 -
2860 52 — % 1.3 5.8 38 266 38 - A 78 J90 -
280 29 <10 29 13 61 4.5 273 26 200 3 79 5650 -
210 0 [ 3 1.1 54 33 224 15 - 1 16 426 -
270 17 40 27 14 6.0 43 281 % - 1 8.0 435 -
310 120 - 38 1.8 6.9 38 265 35 - A 86 sas
250 - - 19 33 - 26 185 13 - - 86 410 -
250 55 - 29 16 5.9 38 247 30 - B 88 450 -
230 62 20 32 18 67 3.0 289 38 270 .1 82 543 -
230 29 10 26 73 63 39 234 23 - B 81 450 -
270 25 40 31 18 6.3 4.1 293 38 - R 8.2 501 -
170 21 - 12 8 29 1.9 166 11 - 1 85 260 -
200 18 40 17 1.1 kX0 3.t 201 19 120 A 84 318 -
170 23 10 n 8 3.2 1.8 174 13 - 1 8.0 308 -
150 7 10 14 8 2.2 21 mn 14 1 83 301 -
160 17 - 12 8 29 1.8 165 10 - 1 8.2 280 -
210 21 30 18 1.2 35 34 209 18 120 .1 83 380 -
140 1 10 10 6 31 1.7 154 12 B 19 3 -
170 8 10 14 8 21 2.1 175 14 - A 81 309 -
290 62 - 38 18 6.6 7.1 291 33 - .2 8.7 500 -
210 22 <10 12 1.8 68 714 250 36 250 2 8.2 5715 -
270 34 10 38 18 6.5 8.1 292 40 - .2 18 548 -
300 25 <19 38 12 6.7 5 326 42 - .2 82 538 -
180 36 - 13 9 29 20 175 18 - A 8.8 210 -
200 24 30 18 1.1 32 3.1 205 16 120 B 86 370 -
150 5 1 1 4 3.1 20 155 12 1 8.1 296 -
170 5 14 B 21 21 174 13 R 8.2 302 -
280 39 - 37 20 7.1 n 318 52 3 8.7 440 -
280 34 Q 41 5.2 68 10 327 58 - 3 8.0 514 -
340 47 10 48 3.0 7.4 12 39t 5 - 3 8.3 612 -
170 24 - 12 E:] 28 2.2 170 1" - B 84 285 -
200 39 30 18 1.2 3.2 36 203 26 12 R 83 390 -
140 - 10 10 8 31 17 154 12 - R 84 302 -
170 " <10 14 8 20 23 176 % - ¥ 8.2 316 -
380 98 20 54 25 8.2 17 424 100 - 4 - - -
310 82 - 40 20 6.4 10 3% 63 - .2 89 500 -
410 65 20 54 kR | 88 18 429 99 430 4 8.1 840 -
230 120 - 39 1.1 6.7 13 292 72 - 3 8.1 620 -
420 82 20 56 32, 86 18 503 130 - 4 81 730 -
180 17 - 18 1.7 43 41 196 2 - 1 83 332 -
170 27 - 12 6 30 2.t 173 1L - 1 18 280 -
230 50 0 32 39 53 10 260 43 310 3 86 438 -
410 140 190 3 1.1 6.4 19 <372 32 - 4 B84 430 -
380 170 - 59 40 10 29 476 160 - 6 8.8 650 sas
360 130 o 47 4.1 1.9 25 474 170 - 6 8.1 790
200 43 - 15 11 34 46 200 23 - A 83 390 -
250 73 - 25 1.9 5.8 13 289 67 - 4 8.1 478 -
180 21 - 12 8 40 29 183 14 - A 18 290 -
250 44 20 24 14 5.7 9.2 278 47 160 3 8.2 470 -
140 3 10 34 5 32 4.2 175 21 190 2 84 365 -
230 34 10 2t 14 a7 58 251 a3 150 .2 83 435 -
330 150 - 41 20 7.0 10 276 32 - 2 85 540 -
300 8t - 39 1.2 6.7 12 306 47 - 3 1.8 470 -
00 54 20 38 18 69 12 n7 40 330 3 86 620 -
280 38 10 39 1.8 6.9 18 319 52 - 5 19 640 -
310 23 20 39 20 6.8 14 355 51 - 3 80 583 -
310 94 - a1 2.1 10 1 286 2 - .3 8.5 540 Sas
280 58 - 40 1.8 65 12 294 45 - 3 83 420 -
290 N 10 39 20 6.9 12 N9 40 330 3 8.7 512 =
240 35 0 7 23 6.2 18 290 53 - 5 8.0 610 -
20 15 40 21 6.7 15 343 52 - 4 8.4 550 -
370 10 150 a3 14 80 22 < 3 63 - 5 8.3 560 sas
580 320 82 48 8.9 N 763 350 700 6 80 1,200 -
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7.2.1

7.2.2

of the results. It should be noted that none of the analyzed chemical
constituents were found in concentrations that exceeded the drinking water
standards of fhe U. S. Environmental Protection Agency (1976). Danielson‘
also noted that, "The predominant dissolved chemical constituents in water
in Huntington Creek upstream from gaging station 0931800 were calcium and
bicarbonate...The predominant dissolved chemical constituents in water iq
tributaries tb Huntington Creek were usually calcium, magnesium, and
bicarbonate. However, during periods of base flow the concentrations of

sulphate in water at the mouths (of the tributaries)...were significantly
higher than sufphate concentrations in water in-Huntington Creek...Water
from the Star Point commonly contains slightly higher concentrations of
both dissolved solids and sulphate than water from younger rocks in the

area."
.2 WATER USES

Most of the surface water from the drainage is diverted for use as
crop irrigation. The only other major use is supply water to the
Huntington Powerplant. The reservoirs in the area have been built to
supplement this use. Some water in the area, particularly springs, is

used for livestock watering or as culinary water.

MINE PLAN AREA SURFACE WATER

The channel of Bear Creek is straddled by the mine plan area with the
vast majority of the area, disturbed and undisturbed, west of the creek.

Bear Creek is an intermittent stream with flows often frozen during the
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winter. An intermittent tributary flows into Bear Creek from the east in
the mine plan area, but this tributary does not pass through any disturbed

area.

The Bear Canyon Springs' discharge is diverted by pipeline to
Huntington City, never becoming "surface water." The different discharge
characteristics of Bear Canyon Spring and .Bear Creek denote the
differences of their sources. Bear Canyon Spring which issues from the
Star Point Sandstone has had relatively high, constant discharges rates,
between 110 and 160 gpm (see Table 7-4), without predominant seasonal
changes typical of a snowmelt impact. On the other hand, measurements at
the mouth of Bear Creek made during Danielson study indicate a
significant impact to streamflow from snowmelt, betweén 18 and 153 gpm
(see below),. The headwater springs of Bear Creek issue from the North
Horn Fofmation; a locally recharged water zone. The Star Point Aquifer is
a regionally recharged aquifer which explains the consistency of Bear

Canyon Springs flows.

Streamflow measurements made during 1977-79

{Danielson, '81)

Date Discharge (cfs)
Bear Creek 8-10-78 .09
(site no. 81) 10-25-78 .08
11- 8-78 .06
12-13-78 .04
6-27-79 .34
7-16~79 .21

10~30-79 .05
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Measurement of suspended sediments were collected during the
Danielson study. Below are the results from selected tributaries of

Huntington Creek.

Stream Site No. Date Concentration (mg/l) Load (tons per day)
Huntington Creek 88 8-13-78 104 : 27
{(gaging station 11-17-78 72 2.5
09318000) 6-13-~79 ' 114 66

8- 7-79 44 15
Crandall Canyon 51 8~12-78 49 .14
(gaging station 11-18-78 60 ° .08
09317919) v 6-14-79 15 .41

’ 8- 6-79 56 .15

Tie Fork Canyon 67 8-13-78 12 .03
(gaging station 11-18-78 57 .12
09317920) 6-14~-79 38 .68

8- 6-79 66 .17
Bear Creek 81 10-25-78 8,860 1.9

6-14-79 - 2,140 4.0
Deer Creek 87 6~14-79 609 3.1

Concerning the unusually high sediment loads in Bear Creek,iDanielson
stated the following:

"BeaZ Creek transported large quantities of suspended

sediment’ during 1978 and 1979. Springs emerging from the

North Horn Formation in the headwaters of Bear Creek

continuously erode the shales and mudstone and permit

sloughing of large amounts of fine-grained material from

the escapements.”

As part of Co-Op Mining Company's monitoring program, water samples
from Bear Creek, both above and below the mine plan area, have been
chemically analyzed for the past 1% years. The results are presented in
Table 7-8. During the snowmelt (April-July) there is an increased in

suspended sediments, as expected, due to the increased flows. The reasons

for .such poor quality water and changes in chemical concentrations are not



Chemical Analysis of Water Samples Taken
by Co-Op Mining Company from Bear Creek

Suspended
Flow
Date Location* {gpm)
11~-15-82 1 25
2 30
12-20-82 1 no flow
2 no flow
2-22-83 1 no flow
2 no flow
3-22-83 1 400
2 400
4-25-83 o1 425
2 425
5-24-83 1 1,125
2 1,125
6-17-83 1 1,125
2 1,125
7-31-83 1 - N/A
2 N/Aa
8~26-83 1 N/A
2 N/A
9-20-83 - 1 9.4
' 2 11.8
10-24-83 1 32.6
2 36.0
11-29-83 1 no flow
2 40
12~29-83 1 1.2
2 R
1-26-84 1 -

TABLE 7-8

Temp. Iron Manganese Solids
(°C) pH (mg/1) (mg/1) (mg/1)
—— 8.0 1.50 .32 706
- 7.9 1.51 .33 688
- — 1.91 .35 5,581
- 8.0 1.80 .30 7,980
- 7.5 .17 .36 20,000
- 7.5 .15 .07 20,000
- 7.7 43.10 5.00 15,880
- 7.9 36.30 3.80 14,740
—— 8.1 7.63 .05 8,326
- — 6.50 .05 14,060
17 8.2 5.40 .80 3,437
17 8.2 * .05 *_,08 2,616
1 7.4 2.66 .35 1,349

1 7.7 2.66 .32 1,238
0 8.2 .80 .18 686
0 8.3 .86 .13 512
- 8.1 1.17 .20 553
0 8.0 1.13 .21 500
2 7.8 6.57 1.19 4,928



2
Suspended
Date Location¥*
2-14-84 1
2
3-7-84 1
2
4-11-84 1
2

*Iocation #1 is upstream, below

at Bear Creek Weir W-4.

Bear Creek Falls. Location

- 2 8.05 4.41 .94 4,020
TABLE 7-8 Continued
Flow Temp. Iron Manganese Solids
(gpm) (°c) pH (mg/1) (mg/1) (mg/1)
13.8 2 *1.9 1.65 .27 830
14 2 7.85 2.50 .27 1,168
16.7 2 8.0 1.49 .07 342
14.2 1 8.2 3.00 .44 1,568
27.0 - 8.1 2.36 .60 4,950
28.2 - 8.1 1.68 .33 1,922

#2 is downstream,
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understood at this time. Further monitoring will be necessary before any

conclusions can be drawn.

EFFECTS OF MINING ON SURFACE WATER

The operation of Bear Canyon Mine by Co-Op Mining Company is ekpected
to have only a very minimal effect on surface water on the area. The
quality of Bear Creek before passing through the mine plan area ié poor.
After passing through the mine area, as often as not, the quality is
improved or unchanged. Generally, there is 1little difference in the
surface water quality after passing through the mine site areé. The
greatest impact of mining operations is probably an increase in sediment
loading to Bear Creek. éeveral control and diversions structures have
been constructed to prevent sediment laden water from the roads and

disturbed area from mixing with local surface water, to minimize the

mining impacts on the receiving stream waters.

The headwater springs of Bear Creek are to the north and east of the
mine plan area. Since groundwater movement in the area is in a southerly
direction, any mine dewatering, which should be minimal, would have little

or no effect on quantity or quality of flows in Bear Creek.

7.2.4 MONITORING PLANS

In the past, Co-Op Mining Company has monitored two stations on Bear
Creek, one above (north) the mine plan area and one below (southwest).

The monitoring location above the mining area is approximately 3000’
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upstream from where the mine road crosses Bear Creek in the mine plan
area. The monitoring location downstream is a WeirVW-4. In addition to
these a third monitoring location is being added. In the future the
right-hand tributary of Bear Creek will be monitored just above its

confluence with Bear Creek. (see plate 7-4)

Monitoring of the following parameters will be performed monthly:
flow (gpm), ph, temperature (°C), total dissolved solids (mg/l), iron ,
magnesium potassium, chloride, nitrate sulphate, carbonates, bicarbonatws,

calcium, magnesium, sodium and total suspended solids (all in mg/l1).

Flows will be determined by direct measurement (depth times width
times 2/3 velocity) or, whenever feasible, by timed filling of a unit
volume container. Chemical analyses will be performed by a certified

laboratory. Reporting format will be as shown in Figure 7-4.

SURFACE WATER CONTROL AND DIVERSIONS

The vast majority of the disturbed area of the Bear Canyon Mine is on
the west side of Bear Canyon (same side as the mine portal and to the
south). The all run-off from this west side disturbed area is collected
and channelled to Sedimentation Pond "A". The small amount of run-off
from the disturbed area east of Bear Creek is channelled to Sedimentatiah
Pond "B". 1In order to minimize the amount of water crossing the disturbed
area, run-off from the undisturbed area above is diverted around or

channelled through the disturbed area and into Bear. Creek.
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Co-Op Mining Company
Bear Canyon Mine
~-Water Sample Analysis-
Date:
Station Location: Bear Creek Upstream
(circle one) Bear Creek Downstream (Weir W-4)
Bear Creek Right-hand Tributary
C O P Development Spring
Mine Underground Storage
Mine Discharge
Mine Inflow - Point #
Parameters and Quantities
Flow (gpm) Temperature (°C)
PH Total Suspended Solids (mg/1)
~Chemicals-
Cations (mg/1) Anions (mg/1)
Calcium Carbonate
Magnesium Bicarbonate
Iron Sulphate
Sodium Chloride
Potassium Nitrate

Total Dissolved Solids (mg/l)

Figure 7-4
Water Analysis Reporting Format
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In addition, Co-Op Mines implemented an extensive interim
revegetation program in October, 1983 wherein soil tackifiers and mulches
were utilized to stabilize the soil until vegetation is established.
Plate 7-1 shows the arrangement of the various sedimentation and

diversion structures.

7.2.5.1 SEDIMENTATION PONDS

Two sedimentation ponds have been constructed to hold the run-off
from the disturbed area of the Mine Plan to facilitate settling and
filtering of contaminated surface water from the mine site. In addition,
any excess groundwater from the mine will be ‘discharged to the
sedimentation ponds (it is anticipated that practiéally all groundwater

produced in the mine will be used on site -- see 7.1.3.1 Mine Dewatering).

The disturbed area west of Bear Creek was split into three section to
facilitate calculations. The design calculations for both Pond "A" and

"B" are as follows:

SEDIMENT STORAGE FROM DISTURBED AREA

Design Data ' A

Site elevation : -7150 feet (U.S.G.S.)
Runoff Area : See 1" = 50' map for individual

areas
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Average Slope Length
Average Slope Gradient
6 Hour-10 year Storm

Soil Characteristics

See table below

..

See table below

1.4 inches

o

12% silt, 24% fine sand, 36% sand,
0% organié matter, course graded

soil, moderate permeability

TABLE
Average Average
Area # Area* Slope Length Slope Gradient
(acres) (feet) (%)
Al 2.24 420 36
A2 4.96 560 14
A3 3.51 640 11
B 1.79 520 10

*By Planimeter

Determinations

Use uniform soil loss equation, A=RKLSPC

R :
K =
LS
C
P

From Figure 1 "Universal Soil Loss Equation", SCS, Jan.
1976, use R=40 (see figure included)
From "A Soil Erodability Nomograph", where % site plus
5 fine sand = 36%, K=0.32
From Table 1, "Universal Soil Loss Equation”, SCS, Jan.
1976, (see table included) for Al, LS = 22.06
A2, LS = 5.42
A3, LS 4.14
B , LS 3.12
Assume bare ground, USC, C=1 '
Assume no erosion control, USC, P=1

AA1=(40)(0.32)(22.06)(1)(1)=282.4 tons/acre/year
AA2=(4O)(0.32)( 5.42) (1) (1)= 69.4 tons/acre/year
AA3=(40)(0.32)( 4.14) (1) (1)= 53.0 tons/acre/year

AB =(40) (0.32) ( 3.12) (1) (1)= 39.9 tons/acre/year

For areas, 3 years [OSM regulations 817.46(bx1)], Soil =
90 lbs/ft3
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line between sand and silt classifica;
tions and a new particle-size distribu-
tion parameter,

" Analyses of the rainulator and nat-
wral-rain soil-erodibility data showed

I3
k3

~

clude very fine sand and defined sand
as particles from 0.10 to 2.0 mm, the
preciction values of the two param-
eters improved appreciably, -

This revised classification concept is
not entirely new. Family groupings in
the U. S. Department of Agriculture’s
Soil - Glassification Systera, Seventh

Approximation, recognize very fine

sand as having silt properties.. The
American Association of State High-
way Officials, in a 195] veport (1),

.u_sed the midpoint of the very finc

sand category as the dividing line
between their
classificitions., ..
. Even ‘with the improved classifica-
tion criteria, however, the relation of
erodibility to a given percent silt or

granular and silt-clay

ran -

iconclusively that particles in the very
fine sand classification (0.05-0.10 mm)
ehave more like silt than like larger ]
“sand...When we redefined silt to in-

t A e
ot . i L K=
V. fine Soan .
- Figure 1. Soil erodibiliry nomograph. Y - e -

percent clay depends considerébly on
the particle-size distribution in the

-remainder of the soil mass. The ero-

dibility of a 60-percent-silt soil.rela-
tive to that of a 40-percent-silt sosl,
for example, depends on the associ-
ated sand-to-clay ratios and the levels
at which other properties are com-
bined in the soil. The number and
coraplexity of these interrelations ac-
count for the large number of terms
in the previously published multiple
regression equation for soil erodibil-
ity (6). Discovery of a parameter
that adequately describes the whole
particle-size distribution for a given
soil sample made it possible to drop
roany of the previously significant
terms from the equation without ap-
preciable loss in accuracy. 4
The new particle-size parameter,
which we have designated as-M, is_
the product of percent silt and pevcent
sand-andsilt,  VWhen the very fine
sandd compenent was includad in the
peceent silt, the M accounted for §5
percent of the variance in observed
K values for the 53 rainulator tested

soils. Its relationship to erodibil
was curvilinear. - R
. Close consideration of the paras

Iitew

eter M showed that it is quite &=
‘scriptive.. For soils with a low,&;
medium silt fraction, .the M incresss; ;

for each additional percent silt:¢a
pends very much on the soil's sand-i>=
clay ratio. As sand-content becorss
high, silt content decreases and
declines in value, but it remains:zi
function of the silt-to-clay rate
When clay content is high, M assems’
@ low value which is a function of e
sand-to-silt ratie. . CL3E

Even though the parameter is Betr
identified in the nomograph (Figs®
1), the left-hand section of the-graz2.
is based on the relation of M to'X

X:
The scale on the horizontal axis is t2:
M scale, with values
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- TABLE 1 (Continued) ' ' _

Percent ' Slope Length in Feet

Slope 300 400 500 - 600 700 800 900 1000 1100 1200 1300 1500 1700 2000
0.2 0.1l ©0.12 0,13. 0.14 0.15 0.15 0.16 0.16 0.17 . 0.17. 0.18 0,19 0,19 0.20
0.3 0.12 0.13 0,14 0.15 0.16 0.16 0.17 0.18 ' 0.18 0,18 " 0.19 0.20 0,21 0.22
0.4 - 0.13  0.14&  0.15 0.16 0.17 0,17 0.18. 0.19 -0.19 0,20 0,20 0.2l 0.22  0.23
0.5 0.14 0.15 0.16 0.17 0.18 0,18 ~ 0,19 0.20 0,20 0.21 0,21 0.22 0.23 0.24
1.0 0.18 0.20 0.21 .0.22 0.23 0.24  0.25 0.26 0.27 0,27 0.28 " 0.29 0,30 0.32
2.0 0.28 0.31L 0,33 0.3¢ 0.36 0.38 ~ 0.39 -0.40 --0.41. ° 0,42 0,43 0.45 .0.47 0.49
3.0 0.40 0.44  0.47 0.49 0,52 .0.54 0.56 0:57 0,59 0.61 0.62 . 0.65 0.67 0.71
4,0 0.62 0.70 0.76 .0.82 0.87 0,92 - 0.96 1,01~ 1.04 1,08 1,12 1,18 1.24 1.33
5.0 0.93 1.07 - 1,20 .1.31 1,42 1,52 - .1,61 1.69 1.78 1,86 -1.93 -2.07 2,21 2,40
6.0 1.17  1.35 1.50 1:65 1,78 1.90 2,02 2.13 2,23 2,33 2,43 " 2,61 2,77  3.01
8.0 172 1.98° 2,22 2.43 2,62 2.8L 2,98; 3.14 3,297 3.44  3.58° 3.84 4.09 4,44
10.0 2.37 2,74 3,06 3,36 3.62 3,87 - 4.1l  4.33 L.54- 4,74 4,94 5,300 5.65 6,13
12.0 3.13  3.61 4,04 .4.42 4,77 5,10  5.41 5,71  5.99.  6.25 6.51  .6.99- 7.44 §.07
14.0 3,98 4,59 5,13 5,62 6,07 6.49 ° 6.88 7.26 ~l7.6l 7.95  8.27 . 8.89 9,46 10.26
16.0 4.92  5.68 6.35 6.95 7.51 8.03 8.52 8.98 9,42  9.83 -10.24 11.00 11.71  12.70
18.0 5.95 6.87 7.68 8.41 9.09 9.71 “10.30 10.86 11.39 11.90 12,38 '13.30. 14.16 15.36
20,0 7.07 8.16 9.12 9.99 10,79 11.54  12.24 12.90 13,53 14.13 14,71 15.80 16.82  18.24
25.0 10,200 11,78 13.17 14.43 15,59 16.66° 17.67 18.63 19.54 20,41 21.24 22,82 24,29  26.35
30.0 13.78 15.91 17.79 19.48 21,04 22.50 . 23.86 25.15 26.38 - 27.55 28.68 30.81 " 32.80 '
40.0 21.92 25.31 28.30 31,00 33.48 ' -
50.0 30.87 | :
60.0
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VA1=(282.4)(2.24)(3)(2000/1)(1/90)=42,172 fr3*
VA2=( 69.4) (4.96) (3) (2000/1) (1/90)=22,948 ft3
V,,=( 53.0) (3.51) (3) (2000/1) (1/90)=12,402 ft3
Vg =( 39.9) (1.79) (3) (2000/1) (1/90)= 4,761 ft3
*To high, this calculated figure is higher than will ever
occur in practice because the soil type for this hillside
would consist of large rocks and other particle sizes being

larger also. This figure is reduced to the amount
calculated for one (1) year, 14,057 £t3

For A1+A2+A3, sediment storage volume = 14,057 + 22,948
4+ 12,402 = 49,407 ft3

For B, sediment storage = 4,761 ft3

RUNOFF STORAGE FROM DISTURBED AREA

Design Data
CN=80%+, from Table 9.1, "SCS National Engineering Handbook",
Section 4, "Hydrology"
Runoff from Figure 10.1, reference as above = 0.7 inches
Volume of runoff in ft3

V,,=(2.24) (43,560) (0.7) (1/12)= 5,692 £t3
VA2=(4.96)(43,S60)(0.7)(1/12)=12,603 ft2
VA3=(3.51)(43,560)(0.7)(1/12)= 8,919 ft3
VB =(1.79) (43,560) (0.7} (1/12)= 4,548 ft3

Total volume in ponds required for sediment and runoff:

Pond A
Pond B

49,407 + 27,214 = 76,621 ft? A
4,761 + 4,548 9,309 ft3 -

In a discussion with John Whitehead, hydrologist for DOGM, on 2-27-84
it was agreed to use his numbers in sizing Pond "A". The final design

criteria for Pond "A" became as follows:
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Design Criteria Pond "A"

Drainage Area: 14.35 Acres
SCS Curve #82
3-Year Sediment Storage: 41,444 ft3
10-Year 24-Hour Runoff Storage: 42,714 ft3
Total Storage Volume: 84,158 ft3
Use Existing Spillway: 10 Foot Wide

Broad Crested Weir
Rainfall Data Base: Hiawatha Data by

E. Arlo Richardson

Also, in a letter to Wendell Owen, of Co-Op Mining, from DOGM, dated

6-16-83, the following design parameters were presented and have been used
herein.

Design Criteria Pond "B"

Drainage Area: 1.82 Acres
SCS Curve #82
3-Year Sediment Storage: 2,156 ft?2
10-Year 24-Hour Runoff Storage: 8,182 ft3
Total Storage Volume: 10,338 ft3
Use Existing Spillway: 4 Foot Wide

Broad Crested Weir
Rainfall Data Base: Hiawatha Data by

E. Arlo Richardson

Plates 7-2 & 7-3 shows the required plan and seqtions of

Sedimentation Ponds “A" and "B", respectively.

7.2.5.2 DIVERSION STRUCTURES

A number of ditches and éulverts are utilized in the mine plan area;
Ditches are used to: divert "undisturbed" run-off around the disturbea
area and back into natural drainage channels, collect “"disturbed” fun—off‘
and convey it to the sedimentationrponds, and to convey run—-off, collectéé

next to roads, between culverts. Culverts are used to: transfer

undisturbed run-off underneath roads and into natural drainage, carry
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undisturbed run-off through disturbed areas, and move disturbed run-off

across areas of high erosion.

Following are the computer programs and printouts used in sizing the
ditches and culverts. Refer to Plate 7-1 for locations of the various

structures and Plate 7-5 for areas used in. calculations.

Ditch and Culvert Sizing

The ditch and culvert sizing requirements were generated from two computer
programs, one developed for general uniform flow calculations using the Manning
equation, and one for uniform flow in circular conduits, again Vusing the
Manning equation. These programs were developed by Bradley M. Powell, P.E. in
house at Horrocks Engineers, and are referenced in house under the terminology
"UFICC" for the uniform flow in circular conduits. and "GUF" for the general
uniform flow or open channel computations. These programs allow the
hydrologist through either direct computations or interative computations using
the method of successive approximations to determine the required
charactéristics and sizes of the required channels or conduit as the case may

be to convey the projected discharges.
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HYDROGRAPHS AND SEDIMENTATION PONDS

The peak runoff and the runoff hydrographs were generated by a computer
program written by Derick Darby, P.E. of Plus III Software, Inc., P.0. Box
88276, Atlanta, Georgia 30338 and contained in a copyrighted program Hydro Plus
III Stormwater Detension Programs. The specific element of the program used to

generate the hydrographs is explained in more detail below.

SOIL CONSERVATION SERVICE HYDROGRAPH

PROGRAM DESCRIPTION

This program produces hydrographs by the methods of the U.S. Department of
Agriculture, Soil Conservation Service. The hydrographs produced may be routed
through a storage reservoir, combined with a previously generated hydrograph,

or stored for later use.

LIMITATIONS

The methods of the Soil Conservation Service should be used for medium sized
basins. The area range should generally be between 200 and 1000 acres. In

some instances the methods may be successfully used for larger basins.

‘The S.C.S. Method uses several parameters bases on basin configuration to
generate incremental hydrographs and produce an outflow hydrograph for the

basin. The method is a volumetric determination; therefore, the selection of
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. the curve number (CN) is critical. The physical programming limitations are as

follows:

1. The first outfléw and the first storage volume
must be set equal to zero (0).

2. The storage volume and outflow rate must increase
with each subséquent set of data pairs.‘

3. Routing time is preselected at one half of the
time to the peak of the incremental hydrograph.

4. Basin lag must be greater than 0.25 hours and

less than 6.6 hours.

l SYMBOLS AND EQUATIONS

Symbol Description Units
A Basin Area Acres
AS Basin Identifier =+ ——m——
BS Down Stream Identifier  —=—=-
CHN Curve Number  —==——=
c$ Storage Pond Identifier —---—
D Storm Duration Hours
E Storage Pond Elevations Feet

SYMBOLS AND EQUATIONS (CONT'D

Symbol Description Units
H Hydraulic Length Feet
I Storage Pond Inflows CFS
Ia Initial Abstraction Inches B
L Basin Lag Hours
o Storage Pond Outflows CFS
P-24 24-Hours Precipitation  Inches B
P Accumulated Rainfall Inches
Q Accumulated Direct Runoffinches
. q Incremental Peak Rate

. of Discharge CFS
ap Peak of Discharge CFs
S Storage Pond Volumes Cu. Ft.
Tp Time to Peak Hours
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T Routing Period Sec.
\' Incremental 2S/T + O CFS
Y Average Basin Slope %
EQUATIONS

Q0= (P - Ia)~2 / ((P - Ia) + 8)

1000 / (10 +S)

Cn =

Ia = 0.25

H= 209 * x°0.6

L = ((BE*0.8) * (S +1)~0.7) / 1900 * ¥~0.7
Tp = D/s + L

02 = I1 + (251/7-01) - 282T
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PROGRAM REFERENCES

1. Soil Conservation Service; SCS - TP - 149, A Method for Estimating Volume

and Rate of Runoff in Small Watersheds, Revised April, 1973.

2. , Technical Release No. 55, Urban Hydrology for Small

watersheds, January, 1975.

3. , National Engineering Handbook, Section 4, Hydrology,

August, 1972.

4, United States Department of the Interior, Bureau of Reclamation, Design of

Small Dams, U.S. Government Printing Office, 2nd Edition 1973.

1. "National Symposium on Urban Hydrology, Hydraulics, and Sediment Control",

Urban Runoff Hydrographs - Basic Principles, by Haan, C.T., 1976.



Summary of Ditch Sizes

 All ditches ar triangular "V ditch" with 1:1 side slopes.

Flow (cfs) Slope (%) Depth*
D-1R 10.2 6.0 2'-0"
D~-2R 12.1 .6.0 2'-0"
D-3R 10.4 6.0 2'-0"
D-1U 1.5 4.0 1'-3"
D-2U 1.5 5.0 1'-3"
D-3U 6.1 5.0 1'-9"
‘D-4U 11.8 5.0 2'-0"
D-5U .9 7.0 1r-o"
D-6U 9 7.0 1'-o"
D-7U 10.3 5.0 2'-0"
D-8U 2.3 6.25 1'-3"
D-9U 1.8 8.3 1'-3"
D-10U 1.5 ' 18.0 : 1'-o"
D-11U 7.6 ' 14.0 1'-6"
D-1D .8 9.0 1'-0"
D-2D 1.5 10.0 17-3"
D-3D 1.0 15.0 1'-0"
D~4D 4.8 | 6.25 1'-6"
D-5D 7.2 , 6.4 1'-9"
D-6D 1.2 6.25 1*-3"

*6" freeboard added to required flow depth.



-Summary of Culvert Sizes-—

Required
- Flow(cfs) Slope (%) Diameter Headwater**
Cc-1R 10.2 8.0 18 27"
C-2R 12.1 8.0 18" 36"
C-3R | 16.4 8.0 18" 27"
c-1U 8.8 15.0 30" 18"
c-2u | 1.5 15.0 15" 9
c-3U 7.9 5.0 12" 36" *
c-4u 6.1 5.1 10" 36"*
C-5U 6.1 4.8 10" 36"*
C-6U .9 3.7 10" 12"
CV-7U 10.3 8.3 12" #%* (18"™) 27"
c-8U 8.8 15.0 18" 24"
c-9u | 1.5 7.3 15" 9"
C-1D 1.5 20.0 15" 9"
C-2D 4.8 12.0 18" 15"
c-3D 1.2 4.2 12" o
60" CMP , 231.2 3.4 60" 102"

*When capacity of culvert is exceeded flow continues down ditch to next R
culvert. : e

**FProm invert elevation.

***Existing 12" CMP to be replaced with 18" CMP at 8.3% slope.



RIPRAP REQUIREMENTS



RIPRAP

where the velocity of flow exceeds 5 fps but is less than 15 fps riprap

will be placed. The size of riprap used will be based on the following graph,

by Peterka. For flows above 15 fps an energy dissipating device will be used.



SIZE OF RIPRAP TO BE USED DOWNSTREAM FROM STILLING BASINS 209

48
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/ F points are prototype |~ T
riprap installations ;_DJ
7 which failed. %3
S points are satisfactory
6 7 Y installations. - 10
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From: Peterka, A.J., "Hydraulic Design of Stilling Basins and Energy Dissipators",

U.S. Bureau of Reclamation, Engineering Monograph No. 25.
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SECTION 5

CURVE NUMBER ESTIMATION

The volume and rate of runoff depends on both meteorologic and water-
shed characteristics, and the estimation of runoff requires an index to
represent these two factors. The precipitation volume is probably the
single most important meteorological characteristic in estimating the
volume of runoff. The soil type, land use, and the hydrologic condition
of the cover are the watershed factors that will have the most significant
impact in estimating the volume of runoff. The antecedent soil moisture
will also be an important determinant of runoff volume.

The SCS developed an index, which was called the runoff curve number
(CN), to represent the combined hydrologic effect of soil, land use, agri-
cultural land treatment class, hydrologic condition, and antecedent soil
moisture. These factors can be assessed from soil surveys, site investi-
gations, and land use maps; when using the SCS hydrologic methods for de-
sign the specification of the antecedent soil moisture condition is often
a policy decision that suggests average watershed conditions rather than a
recognition of a hydrologic condition at a particular time and place.

Soil Group Classification

SCS developed a soil classification system that consists of four groups,
which are identified by the letters A, B, C, and D. Soil characteristics
that are associated with each group are as follows:

Group A: deep sand, deep loess, aggregated silts

Group B: shallow loess, sandy loam

Group C: clay loams, shallow sandy loam, soils low in organic con-
tent, and soils usually high in clay

Group D: soils that swell significantly when wet, heavy plastic clays,
and certain saline soils

The SCS soil group can be identified at a site using one of three ways:
1. soil characteristics
2. county soil surveys
3. minimum infiltration rate
The soil characteristics associated with each group are listed above. County
soil surveys, where they are made available by Soil Conservation Districts,

give a detailed description of the soils at locations within a county; these
surveys are usually the best means of identifying the soil group. Soil

12
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analyses can be used to estimate the minimum infiltration rates, which can
be used to classify the soil using the following values:

Group Minimum Infiltration Rate (in/hr)
A 0.30 - 0.45
B 0.15 - 0.30
C 0.05 - 0.15
D 0 - 0.05

Cover Complex Classification

The SCS cover complex classification consists of three factors: land
use, treatment or practice, and hydrologic condition. There are approximate-
ly fifteen different land uses that are identified in the tables for esti-
mating curve number. Agricultural land uses are often subdivided by treat-
ment or practices, such as contoured or straight row; this separation re-
flects the different hydrologic runoff potential that is associated with
variation in land treatment. The hydrologic condition reflects the level
of land management; it is separated with three classes: poor, fair, and
good. Not all of the land uses are separated by treatment or condition.

Curve Number Estimation

Table 2, which is a compilation of the CN tables provided in NEH-4 and
TR-55, show the CN values for the different land uses, treatment, and hy-
drologic condition; separate values are given for each soil group. For
example, the CN for a wooded area with good cover and soil group B is 55;
for soil group C, the CN would increase to 70. If the cover (on soil group
B) is poor, then the CN will be 66.

Antecedent Soil Moisture Condition

Antecedent soil moisture is known to have a significant effect on both
the volume and rate of runoff. Recognizing that it is a significant factor,
SCS developed three antecedent soil moisture conditions, which were labeled
I, II, and III. The soil condition for each is as follows:

Condition I: soils are dry but not to wilting point;
satisfactory cultivation has taken place.

Condition II: average conditions

Condition III: heavy rainfall, or light rainfall and low
temperatures have occurred within the last
5 days; saturated soil,

The following table gives seasonal rainfall limits for the three antecedent
soil moisture conditions:

Total 5-day Antecedent Rainfall (inches)

AMC Dormant Season Growing Season
I Less than 0.5 Less than 1.4
II 0.5 to 1.1 1.4 to 2.1
ITI over 1.1 over 2.1

13




TABLE 2. Runoff Curve Numbers for Hydrologic Soil-Cover Complexes
(Antecedent Moisture Condition 11, and Ia = 0.2 8)

Land Use Description/Treatment/Hydrologic Condition Hydrologic Soil Group
Residential:—l-/ A B [ b
Average lot size Average % Imperviouszl
1/8 acre or less 65 77 85 90 92-
1/4 acre 38 61 75 83 87
1/3 acre 30 57 N2 81 86
1/2 acre 25 54 70 80 85
1 acre 20 51 68 79 84
Paved parking lots, roofs, driveways, etc.y 98 98 98 98
Streets and roads:
paved with curbs and storm sewersy 98 98 98 98
gravel 76 85 89 91
dirt 72 82 87 89
Commercial and business areas (85% impervious) 89 92 94 95
Industrial districts (72% impervious) : 81 88 91 93

Open Spaces, lawns, parks, golf courses, cemeteries,etc.

good condition: grass cover on 75% or more of the area 39 61 74 80
fair condition: grass cover on 50% to 75% of the area 49 69 79 84
Fallow Straight row .- 77 86 91 94
Row crops Straight row Poor 72 81 88 91
Straight row Good 67 78 85 89

Contoured Poor 70 79 84 88

Contoured Good 65 75 82 86

Contoured § terraced Poor 66 74 80 82

Contoured & terraced Good 62 71 78 81

Small grain Straight row Poor 65 76 84 88
Good 63 75 83 87

Contoured Poor 63 74 82 8S

Good 61 73 81 84

Contoured § terraced Poor 61 72 79 82

Good 59 70 78 81

Close -seeded Straight row Poor 66 77 85 89
legumesd: Straight row Good s8 72 81 85
or Contoured Poor 64 75 83 85
rotation Contoured Good 55 69 78 83
meadow Contoured § terraced Poor 63 73 80 83
Contoured § terraced Good 51 67 76 80

Pasture Poor 68 79 86 89
or range Fair 49 69 79 84
Good 39 61 74 80

Contoured Poor 47 67 81 88

Contoured Fair 25 59 75 83

Contoured Good 6 35 70 79

Meadow Good 30 S8 71 78
Woods or Poor 45 66 77 83
Forest land Fair 36 60 73 79
Good 25 55 70 77

Farmsteads PR 59 724 82 86

1/

= Curve numbers are computed assuming the runoff from the house and driveway is
directed towards the street with a minimum of roof water directed to lawns
where additional infiltration could occur.

yThe remaining pervious areas (lawn) are considered to be in good pasture
condition for these curve numbers.

yln some warmer climates of the country a curve mumber of 95 may be used.

yClose -drilled or broadcast.
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BASIN IDENTIFICATION Al—1
BASIN DISCHARGES INTO D—11U

BASIN AREA = 25.00  ACRES
BASIN CURVE NUMBER = TE.00
24-HOUR PRECIFPITATION = 2.25 INCHES
AVERAGE BASIN SLOFE = H2.0
HYDRALUILLIC LENGTH = 1,990.0 FEET
EASIN LAG = 0. 25 HOURS

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREQUENCY

TIME RLINOFF TIME RUNOFF TIME RUNDOFF TIME RUNDFF
HOUR COFLE. HOUR C.F.8, HOUR C.F.S. HOUR C.F.5.

114320 0.0 11.30 0.0 11.40 .0 11.50 Q.0
11,60 0.0 11,70 0.0 11.80 0.3 11.70 1.5
12,00 4.1 1201464 7.0 12020 ® 7.6 12,7350 b3
4.9 120350 4.0 12,60 .4 12.70 2.9

g G0 2al 135,00 1.9 1210 1.8
1.7 . 1.4 135, 4G 1.5 15,50 1.3
1.2 1.2 2.80 1.1 .90 1.0

Laia 14,20 0.9 14,30 Q.8

1.0 &
14. &40 Q.7 14.70 0.7

0, 8 =

oL 7 0.7 15. 00 Ga s 15,10 a.5
0.4 0.7 15. 40 0.3 15, 50 0.
0.0 0.0 15. 80 0,0 15. 20 0.0
.0 Q.0 ida. F0 £, 0 1&.30 Q.0
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EASIN IDENTIFICATION Al-1R
BASIM DISCHARGES INTO D—-10U & C-%U

BASIN AREA = S.00  ACRES
BASIN CURVE NUMBER = 73,00

24-HOUR PRECIFITATION = 2.259  INCHES
AVERAGE BASIN SLOFE = AZ.0 %
HYDRAULIC LENGTH = 350.0  FEET
BASIN LAG = 0.25 HOURS

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREQUENCY

UNOFF TIME RUNO
F.g C.F.

F TIME RUNOFF TIME RUNOFF
WS HOLUR a

F
S HOUR C.F.5. HOUR C.F.S.

11.50 0.0
11.50 GOuE
12,30 1.3
12,70 Q. &
1%2.10 G. 4
13.50 Q.5
13,90 0.

-

'’

.0 1150 0.0 11.40 Q.
0.0 11,70 Q.0 11.80 Q.
0.8 12.10 1.4 12.20 i
1.0 12,50 3.8 12. 60 O
0.5 12,90 0.4 15,00 Q.
Q.3 13,40 .
0.2 13,80 .

P RN e

£ 0.7 14, 50 0.3 14.30 0.2
. 0.2 - .1 14.70 I |
Oy g .l - i, O 15, 10 . 0,0
L0 .0 15,40 (DI y) 15,50 3,
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BASIN CURVE NUMBER

24-HOUR PRECIFITATION
AVERAGE BASIN SLOFE

HYDRAULITEC
BAGIN LAG

LENGTH

HYDROGRAFH RUNOFF

RUNOFF

C.F.5.

.0
Q.0
4.7
2.8
1.9
1.4

1.3
Lo oal
iy

1IN
0.8
Q.5
S

0, O

10 YEAR

TIME
HOLR

11030
11.76
18,10
12,60
14,20

13,7350

15,70

14,10

RUNOFF
C.F.8.

Q.0
G, 0
g.0
4.4
2.8

ii

i

i

il

VALLIES
DRM FREGUENDY

TIME
HOUR

11.40
11.80

e
e 2

12.60
LA, Q0
135,40
13.80
14,20
14,60
15,00
15.40
15,806

16,20

e
aloq

Al
C-1u %

28.70
73,00

L B ] -
P

L2 0

0. 25

RUNGFF
C.F.5.

¥
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Cc-8uU

ACRES

INCHES
%

FEET
HOURS

TIME RUNDFF
HOUR C.F.%.

11.50 O, 0
11.90 1.

12,30 7
12.70 .
13,10 2.
135,50 1.5
13,90 1.2
14, %0 1.0
14.70 0.8
1510 Dués

15,50 0.
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BASIN IDENTIFICATION ALI-28
BASIN DISCHARGES INTO D—-1U

5. 00  ACRES

BASIN AREA =

BASIN CURVE NUMBER = 7E.O0
24-HOUR FRECIFITATION = 2,25 INCHES
AVERAGE BASIN SLOFE = &2.0 %
HYDRAULIC LENGTH = S550.0  FEET

BASIN LAG = 0. 25 HOURS

HY DROGRAFH RUNOFF VALUES
10 YEAR STORM FRECGUENCY

ot

TIME RUNOFF TIiME RUMOFF TIiME RUNOFF TIME RUNOFF
- FL S HOUR C.F.S. HOUIR C.F.5. HOUR C.F.5.

11.20 v 0,0 11,30 0.0 11.40 0.0 i1.50 0.0
11.60C .0 11.70 0.0 11.80 0.l 11.90 0.3
12.00 0.8 12,10 1.4 12,20 > 1.5 2,30 1.5
1.0 12,50 (1,8 12.60 0.7 270 0.6
0.5 12.90 .4 12,00 Q.4 1Z2.10 0.4
0.5 L0 0. 13, 40 Q. .50 0.3
I 1370 0.2 173,80 0.2 13,90 0.
G 2 14.10 G, 2 14020 G 14,30 0.2
14,40 . 14,50 O 2 14, &0 0.1 14.70 0.1
14,580 .l 14,320 0.1 15, Q0 (I 18. L0 0.0

13 20 0.0 15,320 0.0 15, 40 0.0 15 . 50 £, O
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IDENTIFICATION
DISCHARGES INTO

(&}

CURVE NUMEER
24~-HOUR FPRECIFITATION
BASIN SLOPE

HYDRAULIC LENGTH
BASIN LAG

i onou

i

HYDROGROFH RUNDFF VALUES
STORM FREQUENCY

RURGOFF

C.F.35.

0.0
0,0
1.0

e
o oal.

Oué
0.4
0.3
Ga i
QL

e

i, O

10

YEAR

TIiME
HOUR

11,30
11.70
12,10

oo
3. e ol

18,90

RUNGOFF

C.F.E.

0.0
0.0
1.7

-

SEERPRL W,

TIME
HOUR

11.40
11.80

12.20
13,60
13,00
132,40
13.80
14,20
14, 40
15400
15,40

AU-2C
D-3

6. 00
73,00

- e
whn bt

41.0
800, 0

.25

RUNOFF
C.F.5.

0.0
0.1
> 1.8
0.8
0.4
0.3
O.=
0.
0.2
Q.

0, 0

ACRES

INCHES
%

FEET
HOURS

TIME
HOUR

11.30
11.90
124030
18.70
1%.10

15. 50

RUNDFF
C.F.5.

0.0
0.4
1.5
0.7
0.4
0.3
0.2
0.2
0.2
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€, O
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BASIM CURVE NUMBER

Z24-HOUR PRECIFPITATION
AVERAGE BASIN

HYDRAULIC LENGTH

BASIN LAG

SLOFPE

i

H

H

i

i

HY DROGRAFH RUNOFF VALLUES
1G YEAR STORM FREGUENCY

RUNDFF TIME
C.F.5. HOUR

0.0 11030
0.0 11.7¢
Q.8
1.0
0.5
0.5
(I,
0.
0.2
[}
i, O

RUNOFF
C.F.5.

Q.0
Q.0
i.4
0.8
.4
[
0.2
0,2

L.
.1

TIME
HOUR

11.40
11.80

135,80
14.20
14. 60
15, 00
15,40

A TH
D-24 & C-2U

5.00 ACRES
75,00

2.25 INCHES

&H&4.0 0 U
875.0 FEET

0.25 HOURS

RUNOFF TIME RUNOFF
C.F.8. HOUR C.F.S.

0.0 11.530 Q.0
A | 11.90 0.3
= 1.5 12,350 1.3
Q0.7 12,70 G. &
0.4 13,10 0.4

) 15,50 S J
0.2 Z.5P0 Q0.2
0.3 14. 350 0.2
0.1 i4.70 Q.
0,0 15. 10 0.0
Q.0 15,50 0.0
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O Mirme Dol i st e e e e
= . 3. v D OIS R e

BASIN IDENTIFICATION ALU~-3 + AU-below portal
BASIN DISCHARGES INTO D-8u

BASIN AREA = 7.50 ACRES
BASIN CURVE NUMEER = 7E.00

24-HOUR FRECIFPITATION = 2.25  INCHES
AVERAGE BASIN SLOPE = &£4.0 L
HYDRAULIC LENGTH = 1,1i00.0 FEET
BASIN LAG = .25 HOURS

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREGQUENCY

TIME RUNOFF TIME RUNOFF TIME RLUNOFF TIiME RUMOFF
HOUR C.F.5. HOUR C.F.8. HOUR C.F.8. HOUR C.F.S.

11,20 Q.0 11.30 0.0 11.40 Q.0 11.50 0.0
11.460 0,0 11.70 0.0 11.80 O.l 11.90 0.4
12,00 1.2 12.10 2.1 12,20 - 2.E 12,50 1.9
12,40 1.5 12.50 1.2 12. 60 1.0 12.70 0.7
12.80 0.7 1: Q0.6 175,00 D.6 13,10 0.5
175,30 O. 0.4 15,40 0.4 LS. S50 .4
13, 60 0.4 0.4 13,80 0.% 13,90 G
14,00 IS 0.3 14,20 Q.3 14,30 0.5

14, 40 2 Q.7 14, &0 Q.7 14.70 0.2
14,80 O, 2 14,90 Q.2 15. 00 0,1 15,10 0,0
15, 2C 0,0 15, 350 0.0 15,40 O, 0 15.50 0.0
15. A0 Q.0 15,70 0.0 15. 80 G, 0 15.90 0,0



FAGE

HORROCKS /CAROLLD ENGINEERS
AMERICAN FORE, UTAH

April 25, 1984

A IR . CMS T REFORT FOR
oy Ma e drmicli stoarieod Pacy Sl -3 )
o | I 9. e IDDROIE R e

EASIN IDENTIFICATION All-4
BASIN DISCHARGES INTO C-2U

BASIN AREA = 25.80 ACRES
BASIN CURVE NUMBER = TELO0

24~-HOUR FRECIPITATION = 2.25  INCHES
AVERAGE BASIN SLOFE = &4.0 %
HYDRAULIC LENGTH = 2,230.0 FEET
BABIN LAG = 0.25 HOURS

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREGUENCY

TIME RUNOFF TIME RUNOFF TIME RUNDFF TIME RUNOFF
HOUR C.F.5. HOUR C.F.S. HOUR C.F.5. HOUR C.F.S.

b
e
»
§
-

i O N
LN S I 1 B 8

11.30 0.0
11.90 1.5

11.20 0.0 11,30 . 11.40
11440 0.0 11.70 0.0 11.80

-
»*

12,00 4.3 12.10 7.2 P20 T 12030 b7
13,40 5.1 12,50 4.1 13, 60 . 12.70 F.0
12,80 .5 12.90 7.1 15.00 13,10 1.9
15,30 1.7 3. EO 1.5 13,40 ; 12,80 1.5

LR

175,460 1.3 1E.70 1.2 17%.80 13.90 1.
14,00 1.0 14,10 1.0 14,320 D 14,30 .9
14, 40 0,8 0,8 id, & 0.8 14,70 0.8

14,80 0.7 h 15, GO (3. & 15.10 0,5

15, 206 0.4 O 15. 40 0.2 15,90 .l

15. 460 O, 0 0,0 10 O, 0 15,90 (R
. D A * S AN SO S

1é&.00 0,0 0,0 0,0 1éa B0 0,0




FAGE
HORROCES/CAROLLO ENGINEERS
AMERICAN FORE, WUTAH
April 25, 1984
IO OG0 REFODRT FOR
(26— d me (dmicdi stoaribheot O
= 3. " I OIS Feea e

EASIN IDENTIFICATION AL+ Al-4
BASIN DISCHARGES INTO -7 & C-7U

BASIN AREA = EER.70 ACRES
BASIN CURVE NUMBER = F.00

24-~-HOUR PRECIFITATION = 2,25  INCHES
AVERAGE BASIN SLOPE = &4.0 %
HYDRAULLIC LENGTH = 2,250.0 FEET
BASIN LAG = 0.25 HOURS

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREGUENCY

TIME RUNOFF TIME RUNGOFF TIME RUNOFF TIME RUNOFF
HOLIR C.F.G. HOLIR C.F.G. HOUR C.F.8. HOWUR C.F.5.

11420 Q.0 11.%0 Qa0 11.40 O.0 11.50 Gald
11.&0 0.0 11.70 Q.0 11.80 0.4 11.90 2.0

1. 00 9.4 172,720 T o P 12,30

12.40 Ha 12,60 4.6 12.70
152, 8G 2 15,00 2.5 15,10

13,60
14,00
14,40

135,80 1.5 13,70
14,20 1.2 1430

&

4 =
& 2
-9 135,40 1.8 5. D0 1.
& 1
= 1
1. 14,460 1.0 14,70 i
)

14,80 1.0 15, 00 0.9 15.10 a8
15,320 Oué 15,40 0.5 15,50 G.4

LR 15,80 Q.1 15,90 0.0

Q.0 16,20 0.0 16,350 . 0

13,60
1&.00




TIME
HOUR

11.20
11.60
12.00
12.4G
12,80
13,20
13,60
14, G0
14,40
14,80
15,20

15. 460

P T OGS X O
O -—IOF
=o. L IO

BASTIN
BASIN

BEAGIN
BASIN

-,
9 .

14 roe

AREA

CURVE NUMEBER
24-HOUR FRECIFITATION
AVERAGE RBASIN SLOFE

PAGE

HORROCES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH

April

H DROG RSO

IDENTIFICATION
DISCHARGES INTO

HYDRAUL.IC LENGTH
BAGIN LAG

I

it

i

HYDROGRAFPH RUNOFF VALUES

10

RUNOFF

C.F.5.

0.0
0, 0

e

3.9
1.9
1.4
f.0
0.8
Qo b
O 6
0.5
0, 0

YEAR

TIME
HOUR

11.73%0
11.70
12,10
1E. 50
18,90
175,30

12.70

RUNOFF
C.F.8.

0.0
0.0
D.b

-

wd n oAt

luoé&
1.1
Q.9
0.8
Ouéh

L b

i)

(W

STORM FREGUENCY

TIME
HOUR

11.40
11.80
1220
12.60
135,00
13.40
1%5.80
14.20
14.460
15.00
15.40
15.80

AL-5
D—-3U

20.10
73,00

e
o alsd

57.0
1,750.0

0.25

25, 1984

REFORT FOR

Ldmied i =4t o b e ot foa 'yl - I 1

% C-4U 2 C-5U

ACRES

INCHES
P

FEET
HOURS

TIME RUNOFF
HOUR C.F.S.

11.50 Q.0
11.90 .

12,30 p IR
132,70 2.3

15,10 i.4
15,50 1.4
135,90 0.8
14,730 Q,7

14.70 Q.
15.10 0.4
15.50 O.0
15,90 0.0



FAGE
HORROCES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
FHY 12RO OGIC ~REFORT FOR
Co 1d e Lt ed 4 st o el o S
05w . . HYwIDROGR e H

BASIN IDENTIFICATION AlU-6&
BASIN DISCHARGES INTO D~44

BASIN AREA = E8.70 ACRES
BASIN CURVE NUMBER = 7E.00

24-HOUR FRECIFITATION = 2.25  INCHES
AVERAGE BASIN SLOPE = 6HT7.0 %
HYDRAULIC LENGTH = 2,250.0 FEET
BASIN L.AG = 0.25 HOURS

HYDROGRAFH RUNDFF VALUES
10 YEAR STORM FREQUENCY

TIME RUNOFF TIiME RUNOFF TIME RUNOFF TIME RUNOFF
HOUR CeFaG. HOUR C.F.G. HOUR C.F.5. HOUR C.F.S.

11.320 0.0 11.30 0.0 11.40 Q.0 11.50 0.0
11.460 0.0 11.70 0.0 11.80 0.5 11.920 F.3
12,00 L 12.10 10.8 12,20 ¥ 11.8 2,30 0.0

—te

132.40 Tab 13.50 &2 12,60 S.3E 12.70 4.5
12.80 E.7F 138,90 S, 13,00 2.9 12.10 2.8
LE20 Zub 15,350 2.2 12.40G 2. 1Z2.350 2.0

13,460 1.9 13.70 1.8 13.80 1.7 13,90 1.6
14,00 1.4 14.10 1.5 14,20 1.4 14.30 1.3
14,40 1.2 14.50 1.2 14.&60 1.1 14,70 1.1
14,80 1.1 14.90 1.1 15, 00 1.0 15. 10 0.9

15 0. 15,50 Q.7 15,40 D& 15,50 0.5
V. AC L) 15.706 Q.3 . 15.90 (S
1 & O 0.0 16010 G. O 0.0 14,50 Q.0

1. G0 O, 0 1é. B0 0,0 0.0 16,70 0.0



FAGE
HORROCES /CAROLLO ENGINEERS
.AMERICAN FORE., UTAH
April 25, 1984
Hww DDA OHS IO REFOFRT FOR
0 Mime Lirmcdi stouvbhesod - N 1
= . . = . Y I OIS s b

BASIN IDENTIFICATION ' Al-betwsen road loop
BASIN DISCHARGES INTO D-5U & D-6U & C-6U

BASIN AREA = .00 ACRES

BASIMN CURVE NUMBER = 7ELOOQ

24-HOUR FRECIPITATION = 2.25  INCHES
AVERAGE BASIN SLOFE = S7.0 A
HYDRAULTIC LENGTH = 250.0  FEET
BASIN LAG = 0,25 HOURS

HYDROGRAFH RUNOFF VALLES
10 YEAR STORM FREGUENCY

TIME RUNGOFF TIME RUNOFF TIME RUNOFF TIME RUNDFF
HOWR D.F.G, HOUR C.F.8. HOUR C.F.G. HOUR C.F.5.

11.20 0.0 11.30 0.0 i1.40 0,0 il.50 Q.0
11.60 0.0 11.70 0.0 11.80 0.0 11.90 0.2
12,00 0.5 12.10 0.8 2. 20 > 0.9 12,30 0.8
12,40 Q. & 12,580 0.5 132,60 G. 4 12.70 I
13, 80 L T 12.90 L I 175,00 0.2 .10 L

135,20 0.2 135030 G. 2 13,40 0.2 1E.50 Q.

12,60 Q0. 13,70 O. 1 135,80 0.1 13.90 Gul
14.00 .l 14,14 0.1 14,20 Q.1 14.30 0.1
14,40 Ol 14,50 Q. 14. 60 0.1 14.70 .1
14,80 Q. 14,70 .l 15,00 Q.0 15.10 3, O

15,20 0.0 15,30 0.0 15,40 0,0 15.50 0.0

3




‘ HORROCKES/CAROLLO ENBINEERS
AMERICAN FORE, UTAH
April 25, 1984

Hisawastha RAOINMFFSIL. DDaTa BEaSE

o™ T IS0 0 T TEMRMST T £ Trmohes S HHaooar

STORM FREQUENCY (Years)
TIME =2 S 10 25 50 100
(Minm?)
S0 .84 1.56 1.92 2.7 I.12 T.72
. 6.0 0.7 1,49 1.84 2. 63 2. 98 %55
7.0 0.74 1.472 1.76 Z.50 2.84 E.3E8
8.0 Q. &Y 1.35 1.68 2.E7 2.70 3,21
.0 .64 1.28 1. &0 2.24 2.56 Q4
10.0 Q. &0 1.320 1.50 2.10 240
1.0 .58 1.14 1.45 2.0F 2.E2
| 2.0 .58 1.12 i.40 1.94 2.24
5.0 (1. 54 1.08 1,38 1.89 2.16
14.0 O.53 1.04 1.3 1.82 2.08
15,0 OL.52 1.00 1.4 1.76 2. 00
Ga 47 0. 80 .11 1.59 .80
0,472 =1y 0, PE 1.42 1.60
QL E& Q.70 0. Beé 124 1.40
.32 2,561 0. 1.09 1.2%
L3S I 0L H53 Q. &6 Q.94 1.04
&L O .23 0, 44 .55 .78
120,0 0, 20 Q.31 0. 38 0. 50
180,00 0.18 O 26 0.3 Q.40
0 0. 17 0. 24 Q.28 Q.58
Q O.1é 0,22 0.25 Q.52
0.0 O.lé 0. 20 0,23 0. 28
3,0 0,14 .18 Q. 20 Q.25
. 0 .12 Q.1 0,17 0,22
L0 0,11 0. 1E 0,15 0. 18
i O, 09 LI I | LT T .15

‘ ' 144G, 0 G.Q7 Cra 08 Q.08 0.1l

4

- (0
0 m

o~
0

e
- D

Lol O T O I X% % T 5 I N B S R 2
ih
s}

a

ok ek et




HY DROLLOGIOCaLL, STUDRDY FOR

oy - i e T e Y Lirmycd i st becd [a el - N )

Main Access Road (Run—off Diversions)

Bear Canvon Mine Site

BY

HORROCKES/CARDLLO ENGINEERS

ONE WEST MAIN

AMERTCAN FORE, UTAH 84003

April 9, 1984




TIiME
HOUR

11.20
11.60
12.00
12,40
12.80

.20
13,60
14.00
14,40

16,00

HY DROL. OGS T

O —0OF

=

BASIN IDENTIFICATION
BASIN DISCHARGES INTO

BASIN AREA

.

FAGE

HORROCES/CAROL.LLO ENGINEERS
AMERICAN FORE, UTAH

April

HYDROGROF -

BASIN CURVE NUMBER

24~HOUR FRECIFPITATION
AVERAGE BASIN SLOFE

HYDRAUL.IC LENGTH
BASIN LAG

I I O B 1 I ¢

HYDROGRAFH RUNOFF VALUES

RUNOFF
C.F.S.

0.0

Q.0

wtowoas,

ale o Lt

1.7
1.4
i.1
1.0
O.7
0,k

O, 0O

TIME
HOUR

11.30
11.70
12.10
12,50
12.90
12,30
VILT70
14,10
14.50
14. 50

[=
1.

16.10

RUNOFF
C.F.g.

R IR IR R

® s
PR
DO

't

N i 23
= a

-
'
2
5

d L

PO

-

0.0

10 YEAR STORM FREGUENCY

TIME
HOUR

11.40
11.80
12.20
12.40
1Z.00

3. 40
13,80
14,20
T4, &0
15,00
18,40
15,80
16,30

RA {(above
D—-1R & C-1R

33,43
.00
2. 25

61.0

1,975.0

0.323

RUNOFF
C.F.S.

0.0
0.4
# 10,2
4.6

O e o
IR0 WG

o~

25, 1984

REFORT FOR

Mirme (Ondi sthwuar-becd T S

main roacd)

ACRES

INCHES
A

FEET
HOURS

TIME RUNOFF
HOUR C.F.8.

11.50 0.0
11.90 2.0

2.30
12.70
13.10
1Z5.50

F.90
14.730

el aad i el 20 B ¥4 O 8
B LI B

14,70 L
15.10 0.8
15,50 .4
15, 90 0,0
14,30 0.0



FAGE

HORROCKES /CARDLLO ENGINEERS
AMERICAN FORE, UTAH

April 25, 1984

N DRSS T =REFOR T EOR:
CI— 3 Midmver Lircd i ss4 war b £z f T S
o I = . o e IS e B

BASIN IDENTIFICATION RE {(above main road)
BASIN DISCHARGBES TNTO D-2R & C-2R

BASIN AREA = EZR.67  ALRES
BASTN CURVE NUMRER = FEL 00

24-HOUR FRECIFITATION =
AVERASEE BASIN SLOPE =
HYDRAULID LENSTH =
BASIN LAG =

INCHES
pA

FEET
HOURS

HYDROGRAFPH FUMOFF
10 YEAR

TIME FLUNOFF TIME RUMNOFF TIimME RUNOFF TIME RUMNOFF
HOLIR CaF. &, HOUR C.F.5. HOUR C.F.5. HOUR I

(S P1.30 0,0 11.40 0,0 11.50 .

Q0 11,70 0.0 0.5 11.90
11.¢ *¥ {21
L. ]

15,40 ol
. &0 1.7




FAGE
. v HORROCES/CAROLILLO ENGINEERS
AMERTICAN FORE, UTAH
April 25, 1984
A RO S YO FREECRT FOR
oy e R Pid sy (Ldmioddi sstear e od Py ol = Y
3. . i - A e T S e e =

BASIN IDENTIFICATION RC {above main road)
BASIN DISCHARGES INTO D—-ZR & C-ZER

BASINM AREA = EZ.87  ACRES

BASIN CURVE NUMEBER = TI.00
24-HOUR FRECIFITATION = 2.25  INCHES

AVERAGE BASIN SLOFE = 3.0 A
HYDRAULIC LENGTH 1,1310.0  FEET
BASGIN LAG 2 O. 25 HOURS

H

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREGUENDY

TIME RUNOFF TimME RUMNOFF TIME RUMNOFF TImME RUNOFF
‘ HOLR C.F.5. HOLIR C.F.S. HOLUR C.F.5. HOLIR C.F.5.

0,0
2.0

oy
0.7

20 O.0 11,30 0.0 11.40 Q.0
&G 0.0 11.70 11.80 Q.4
2. O - PR320 X 10.4
.40 : :

L B0

P

s

P
~j 3

Lh

o &0

L

R IS S R % R R

14,00

T et e R b e BYOPR WO
£ a a *
S O R Y
2 u
i L0

0 - 0
0 [
£ S
{ O




HORROCES/CAROLLDO ENGINEERS
AMERICAN FORE, UTAH

S

April 25, 1984

Hi awasathhea RAOIRMFEFaLLL. DAaTAE BEOaSE

o T e TV EMES T T W C Tmveobyes o oo

STORM FREGUENDY (Years)

TIME @ = 10 o =0 100
(i)

D
AR Lo

48

40

1
1
1.
1
1

!-':'.T;

R

s
-
s

3

i
.

L] = 1
0. 44

ok et b ek et Bes Bt
B

O8O0, O

440, 0

P et




A IO CMES T ol ST DY FOR

U~ i omyvee Lirvod 4 o=t ooar Boe ol i S SR

Bear Dresk Mairn Channel (0" OHMED

Bear Uanvon Mins Site

HORROCES

ONE WEST MAIKM

AMERICAN FORK, UTAH 84003

Aprdl E25, 1584




F&GE

HORROCES /CAROLLO ENGINEERS

AMERICAN FORK,

April

UTaH

e
L

1984

Y Rl OE T FREFORT FOR

e — 3

_— .
= L3 -

BASIN IDENTIFICATION

i e T e W )

- IS s P e

BABIN DISCHARGES INTO

BASIN AREA

BASIN CLRVE
24-HOUR PRECIFITATION
AVERAGE BASIN

MNUMBIER

HYDRAULLIC LENGTH

BASIN LAS

HYDROGRAFH RUNOFF

10 YEAR

TIME
HOLK

RUMOFF
[ S

TIME
HOUR

10.74
11.71

12,69

0.0

Q.5

10.98

P

RUMOFF

C.F.S.

0.0

2E.0

[T
QL0

.0

SLOFE

i

il

VELUES
STORM FREQUENCY

TIME
HOUR

11,22

132,20

{3
0 = i

SR § ]
W om0 e

W
o

L&
Bear

FEEL00
75,00

ThTaED
aln ald

12.0
11,0000

G611

RUNOFF
C.F.S.

0.0
54.8

-
.
)

I:-

2
et

(Bear Creelk
Creek

Ldrved 4 st e boeod PR RS G

Falls area)

ACRES

INCHES
A

FEET
HOURS

RLUNGOFF
C.F.5.

TIME
HOLR

11.47 G0
12,44 139,

15,42
14,40

1!.':." et
AL PR

LI

T R

1&.355

H
;
AN B NN



. FAGE
HORROCKS/CARDLLDO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
LS DO REFORTT O FOR
o T i rmever Ll d sshearmbByeod fon Y - N ]
3 . [ M. R i Ty S s = e

EASIN IDENTIFICATION LEC (right—-hand tributary)
EASIN DISCHARGES INTO Bear Creek

BASIN AREA 481.00 ACRES

bﬁm[N CDURVE NMUMBER = TR QO
2A-HOUR FRECIFITATION = 2.25  INCHE
AVERAGE BASIN SLOFE = IZ.0 0%

HYDRAULTIC LENGTH = ., &00.0  FEET
BASIN LLAG = D.AL HOURS

HY DROGRAFH RUNDFF VALUES
1O YEAR STORM FREQUERNCY

TIME RUNOFF TIME RUNOFF TIME RLUNOFF TIME RUNOFEF
‘ HOUR CoF.5. HOLIR CWF. 5. HOUR C.F.G. HOUR C.F.5.

=

11.47 0.0
1Z. 44
13,472

10, 99 Q.0 11.22 0.
11.%96 11.4& 12,20 4.

18,95 1%.18 S35

—

D)

10.74

xh—'-m

13,9 1 14,15 ERTI 14,40
15,15 15.1 1557
14010 5

£

3
-
-

oo
o
-
o

b

d
@

&a
b : ) 4.8
i 24, 8% G & R
O, o84 0,0 0,0
O, nE . B4 0,0 ”7 UP 0,0

OO

a7.82 0,0 28.06 Q.0



' FAGE
HORROCKES/CARDLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984

S IR CMS TS REFOFRT FOoR

o o rmves Lheved 30 oss 4 oeone Bt T S SR
BASIN IDEMTIFIER LA+ LG
DIGCHQRGES INTO Bear OCreelk (60" CMF)

10.98 0.0 11,22 0.0 11.47 0.0
11.%9& . 12,20 127.7 12.44 21041

12.69 = 12,93 198.7  13.18 158.2  13.42 126.9
13, b& 13.91 87.1 14,15 74.5  14.40 b4 E
14. &4 14.88 15. 17 45.1 15,37 43.2
15, 62 15. 86 16.10 4i.6  1&6.75 7.8

17.08 29,7 17.352 28. 2
18.04 Fh. 7 18,7350 6. &
12,03 26.0 19,26 25.8

FO.L01 0L E 20,25 F5.0

“i~‘ C}'E; 21.1
12.0
18.5
2E, 14,73
He 2 24,89 1.8

0.3 25. 86 0.l

.0 2&. 84 Q. 0.0
0.0 27 .82 0.0 Q.0



HORROCKS/CARDLLO ENGINEERS
AMERICAN FORK, UTAH
April 25, 1984

A swesmt e O TR ey i e Ty EBEastESsSE

oy T el T4y 5 E Ty f T maembremesm o oaoiae 2

STORM FREQUENEY {(Years)

5 10 28 S50 100

~ Y - -
. L il R
% “r o
n o é\ ] et E’l

N
.:_F
o8]
]
I

o e T
p—y aow SLD

3
r
.

S S T S
E

ke et

et fd ek
gk B

]

1
5
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A IDF L CHS DOl STLIDYy FOR

o —

U B e ' T et oene B oeocd R R

Dsturbed Run—aff Collection

Bear Canvon Mine Site

BY

HORERL

SUARGLLO

ORE WEST MATN

AMERTCAN FORKE, UTAH 84003

apreil 25, 1984




FAGE
HORROCES /CAROLLD ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
P TR OVSE TS FREFAORT FOR
E22 0 e T i e DG s tooar i e cd T S
i S 7w e s e OISR e

BASIN IDENTIFICATION Area B
%

BASIN DISCHARGES INTO D-&D C-20

1.79  ACRES

BASIN AREA =
BASTN CURVE NUMBER = 832,00

24-HOUR PRECIFPITATION = 2,25 INCHES

i

AVERAGE BASIN SLOFPE = 10.0 7
HYDRAUL.IC LENGTH = 520.0  FEET

BOASIN LLAG = 0.25  HOURS

HYDROGRAPH RUNOFF VALUES
10 YEAR STORM FREGUENDY

TIME RUNFF TIrE RUNOFF TIME RUNOFF TIiME RUNDOFF
HOUR CoFa5. HOUR D S HOUR C.F.5. HOUR C.F.S.

10,00 0, O 10,10 0,0 10, 20 Q0,0 10,30 0.0
1, 40 {3, 0 10, 50 G, 0 10, &0 i, 1G.70 O, 0
10,80 0.0 10,90 T, 0 11,00 0,0 1i.10 0.0
11,30 0,0 1. 30 0, O -

.1

0,0 11.50 0, O
L I 11.90 O.5
1.2 12.35
0,4 =

11.70

i
1

I ] i
i 15, 00 Gl 15,10 ]

01,0 15 . 40 0,0 15, 50 0,0

L



TIME

‘ HOLIF

1, 00
1040
Q.80
114380
11.40

12,00

M I3RS O

=

-
(o -

BASIN
BASTHN

EASIN AREA
i IN CURVE

24-HOUR PRECIFITATION
AVERAGGE BASIN S5LOPE
LENGTH

HYDRAULTC
BASIN LAG

FES P O T

FAGE

HORROLCES /7CAROLLO ENGINEERS

AMERICAN FORE,

April

UTAH
25, 1984

[aul B

Bl 0 3 S S Y Sl S

IDENTIFICATION
DISCHARGES INTO

NUMBER

HYDROGRAFPH RUNOFF
1O YEAR STORM FREQUENDY

RUMNOFF

CaF.5.

0.0
O, 0
0.0
0, O

Ol

TIME
HOLIR

1C. 10
10,50

143,90

RUNOFF

o
e aiy,

O, 0
0.0
i, O
0,0
0.1
1.0
0.5
0,7
0.l
Gl
ST
0.1
Gal

iy, O

i

i

VAL UES

TIME
HOUR

10020
10,60
11,00
11,40
11.80
20
W 500

Q0

AD-2
D30

HOOL O

0,25

RUNQOFF
C.F.5.
Q.0
0,0
0, O
1, 10
0.3
1.0
0.4

-, oy

i
Cro
.l
0.1
I

Fid mer I24 st oar brescd e o Em

(upper road)

ACRES

INCHES

L7
in

FEET
HOLIRS

TIME
HOUR

10030
10,70
11.16

=0

Adon

FLINOFF
C.F.5.



FAGE
’ HORROCKS /CARDLLO ENGINEERS
AMERICAN FORK, UTAH

April 25, 1984

Bd S e L S T FOR
I Rl e § i e e 4 =1 wae by ek = S
5. . b - U RO R s e

BASGIN IDENTIFICATION AD-1
BASIN DISCHARGES INTO D20 &% C-1D

BASIN AREA = 2.24  ACRES
BASIN CURVE MUMBER
24-HOUR FRECIPITATION
AVERAGE BASIN SLOFE pA
HYyDRAUL IO LENGTH FEET
BASIN LAG = .35 HOURS

L BT
8;:'.. » L3

H]

INCHES

i

it
s
fod Led B
bt
A
-
lul

HYDROGRAFH RUNOFF VALUES
10 YEAR STORM FREQUERNDY

TIME RUNOFF TIME RUNCFF TIME FRUNGFF TIME FUNOFF
HEOLIR C.F.E. HOUR C.F.5. HOUR CLaF.5. HOUR C.F.8.

10, 00 0.0 10,10 O, 0 10, 20 0,0 10,30 0.0

0,0 10, 50 0,0 10, A0 Q.0 10Q.70 0.0

0,0 11.00 G, 0 11.160 0,0
.0 11,40 G, 0 11,50 O, 0
0. Ou s
1.3
0.5
(IR

S

4 oz
Low oot

0.7
Q.

0.

-
=)
[
LA
i

1
Gl
i

Fr N St kY R On
PUSTIIE SR S B R T g

oo

W 0
40

~
Pt ek ped ek b Rl e
S f L :

]
N



FAGE
. HORROCKES/CARDLLO ENGINEERS

AMERICAN FORE, UTAH

April 25, 1984

P IO X O FeESRCIES T F O
S0 ME e 24 sbooae By e od P el -
£ . 2. . e I P S e s o

BASIN IDENTIFICATION AD—-18 (substa. area)
BASIN DISCHARGES INTO D-1in

BASIN AREA == L. 25 ACRES
BASIN CURVE NUMRERER = 82,00

24-HOUR PRECIFITATION = 2.25  INCHES
AVERAGE BASIN SLOFE = EG.O0 W
HYDRAULIC LENGTH = FE0.0 0 FEET
BASIN LA&G = 025 HOURS

HYDROGRAFH RUNOFF VALUES
1O YEAR STORM FREQUENCY

TIME RUNDFF TIME RUNOFF TIME RLINOFF TIME RUNDOFF
.Hm.m: C.F. 5. HOUR C.F. 8. HOUR C.F.5. HOUR C.F.S.

10, 00 0,0 PO, 10 0.0 10,20 0.0 10,30 Q.

i, 40 0.0 10,50 .0 10, &0 G, O 1G.70 3,0

10, 80 0.0 10, 50 0.0 11,00 0.0 11.10 0.0
0. G 1. 40 0.0 11.50 0.0
1. 80 0.2 11.90 LI
b

0
20 Q.8 132,30 0.7

e R
w o td (a2

I

0.0
G. b

QL5

"

2 & Q.=

o i b et e e ek g
. 4w “

p .

Pl s O e

i
g 1%, G0 S
TSI ) G, 1 i 0.1
.l .l 1 I
L 0.1 14 Gl
1 0, 0Ll i (I}
i I | LRI | 15, Q] 0.1
e 3 {3, O 158, 40 O, 0




' FAGE
HORROCES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
A TR OIS T FREFORT FOR
oy —03 i e IDiE st oasibesod ol Sl
= L I e A I P S F e

BEASIN IDENTIFICATION AD—-1
BASIN DISCHARGEZ INTO D~-4D % C-2D alse D-5D

BASIN AREA = 2.24 ACRES

BASIN CURVE NUMBER = 82,00

24-HOUR PRECIFITATION = 2.25  INCHES
AVERAGE BASIN SLOFE = 6.0 4
HYDRAULTE LENGTH = 470,00 FEET

BASIN LAG = 0. 25 HOURS

HYDROGRAFH RUNOFF VOLUES
10 YEAR STORM FREGUENCY

TIME RUMOFF TIME RUNOFF TIME RUNMOFF TIME RUNOFF
‘ HOLIR CuoF.5. HOWIR C.F.5. HOUR C.F.5. HOUR C.F.5.

1. Q0 G.0 10,10 0,0 10,20 Q.0 10, R0 0,0
10,40 0,0 1, S0 G, 0 10, A0 G, G 10,70 0.0
10.80 G, 0 10.90 0,0 11.00 0. 11.10
11,20 a0 11,320 0.0 1i.40 0.0 11.50
11.60 0.l Ti.70 il.80 0,5 11.90
13, G0 ind 1210 o] 13

F.EHO

12020 o5 13, B0

0.7

1260 0.6 12,70
13,00 oL 13,10
13, 40 0.3
13, 80 0.

Loea X
0.l

14 3
14. 60 Gl
15, 00 Ol

15, 40 0.0

1
1
1.
i
i
1+
14
14
13




S IR TS DO REFORT

- - .
3 - . =

BASIN
BASTIHN

IDENTIFICATION
DISCHARGES INTO

BASIN AREA

BASINM CURVE NUMBER
24-HOUR PRECIFITATION
AVERAGE BASIN SLOFE
HYDRALULIC LENGTH

BASIN LAG

HYDROGRA&FH RUNOFF
YEAR

R

TIME

‘ HOLE

TIME
HOLR

RUNDOFF
C.F.8.

Lrw

RUMOFF
CoFuE.

10.10

Q.0

10,00
% .0

L0

il

i

il

VAaL.UES
STORM FREGUENCY

TIiME
HOLR
1. 20

10.60
11.00
11.40
1i1.80
12.20

14.60

FAGE

HORROCES /CARDILLO ENGINEERS
AMERICAN FORE, UTAH

April 1984

ey o
st g

F OV

M3 e D03 ssthoar byesod T R SR

A e DS R S

AD-2
D—-4D & 0-2D also D-3D
4.96  ACRES
82,00

25 INCHES
P

FEET
HOURS

>
e

i4.0
60,0

0.25

RUNDFF

C.F.5.

TIME
C.F.5. HOUR

Cra O3
O, 0
0,0
Gal

10,750
10,70
11.10
11.50

11.90

o

Sn 120350 2.7

.70 1.G

0, . 10 1, A
L e S0 0. 4
Oy, s, @0 .=
0.5 0.3

G

Qul
0,0

e

O, O

QL0 ]



‘ FAGE
HORROCKS /CARDLLD ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
HY IFROML_CHS T O REFORT  F O
-0 Mimne IDisturbecd O e

BASIN IDENTIFIER AD-1 + AD-2

DISCHARBES INTO D—-4D & C-2D
10, 00 0.0 10, 10 0.0 10,20 0.0 10030 0.0
10, 40 O, 0 10,50 0.0 10,60 Q.0 10.70 Q.0
10,80 G,.0 1G.90 Q.0 11.00 0.0 11,10 0.1

11,320

~

11,7350 0.1 11.40 0.1 11.50 Q.2
11.7¢G 0.5 11.80 1.0 11,20 1.9
1210 ¥ 4.8 12,20 4.8 12,30 A
12050 P 12,60 1.8 12,70 1.5
O
7

a8
. 12.90 1. 175,00 0.9 13410 0.9
. g 13,30 Q.7 13,40 Q. b 135,30 .6
£
+
‘—J

13,70 0.t 13,80 0.5 15,90 0.5
14.10 14, 20 0.4 14,7350 0.4
0,5 14,50 14,60 0. A 14,70 O
Gl E 14,20 15, G0 O 15,10 0.1
G O 15. 30 15.4C 0.0 15. 50 Q.0
(IR 15,70 15. 80 0,0 15,20 0,0




FAGE

’ HORROCKS/CAROLLO ENGIMNEERS
AMERICAN FORE, UTAH
April 25, 1984

A IO DS T I REFODRT FOR
Co— 0 i e D sstosrivesod o Nl - %
5w A = HYIDROER &SP

BASIN IDENTIFICATION AD-Z
BASIN DISCHARGEES INTO D-3D

.31 ACRES
82.00

2.25 INCHES
1.0 %
&£40.0  FEET
Q.25 HOURS

BASIN AREA

BASIN CURVE NUMEER
24-HOUR PRECIFITATION
AVERAGE BASIN SLOFE
HYDRAULIC LENGTH
BASIN LAG

R nown

HYDROGRAFH RUNOFF VYALUES
10 YEAR STORM FRERBUENCY

TIME RUNOFF TIME RUNOFF TIME FUNOFF TIME RUNCOFF
’HUUR‘ C.F.8. HOUR C.F.S. HOUR C.F.S. HOUR C.F.S.

10, G0 0.0 10,10 0.0 10,20 0,0 10.3Q 3.0
10,40 Q.0 10,50 0.0 14, 60 3.0 1G. 70 0.0
10,80 0.0 10,920 .0 11.00 Q.0 11.10 0.0
1120 O, 11,30 (S | 1. 40 0.1 11.50 O. 1
11.60 0.1 11.70 0.2 11.80 0.5 11.90 0.7
12,00 1.7 12,10 ¥ E.4 12,20 2.4 12,30 1.9
12.40 1.4 12.50 1.1 12.60 0.9 12.70 0.7
12.80 Q. & 2. F0 0.5 1Z.00 0.4 1%.10 O, 4
| 5L 20 Q.4 KNS Q.3 15,40 0.3 175,50 [
135,60 NG 1E.70 0.3 17%.80 Q.2 13,20 .2
14,00 0.2 14,10 0.2 14,20 . &2 14,320 0.2
14,40 LI 14,50 0.2 14,60 0,2 14,70 0.2
14.80 0.2 14.90 0.2 155, 00 L 15. 10 0.1
15, 20 Q2,0 15. 20 Q.0 15,40 Q.0 15,50 0,0
15,60 0,0 15.70 Q.0 15.80 3,0 15,90 .0



‘ FAGE
HORROCES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 19864
IO S O FREEFCRTT F O
£y — P o er DR st o byoesad P el ¥ ]

BASIN IDENTIFIER AD-1 + AD-2 + AD-3I
DISCHARGES INTO D50

10, Q0 QLD i, 10 0,0 10.320 .0 10,30
10, 40 0.0 10, 50 0.0 1O. 60 0.0 1070

10, 80 0,0 10,20 0,0 11 .00 0.1 11,10
s 0.1 11.30 G, 22 11.40 0.2 11.50
0,7

1.5 11.90

B 12. 30
2.7 1&. 70
1.4 13,10
0.9 15,50
1.7 13,90
Duds 14.30
Q.5 14. 60 .5 14.70
0.5 14,70 L] 15,00 0.3 15.10
Q.0 15, 30 0, 0 15.40 0.0 15.50
.G 15,70 Q.0 15. 80 (SIR 15.90 0.0

L0 Q.4

200 B




HORROCKES /CARDLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984

A eaeram i brea FAOINMNFaLLL. DETa BasSE

Fres T @l . TR TEMSS Ty €L e o oo 3

STORM FREGUENCY (Years)

25 S0 100
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Lo
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Ea 0 Q.77 1.84 2. 2.8 .55
7. 0. 74 1.76 2. .84 I.3
& O &5 . &8 2a 2.T70 S22
2. .44 . B0 2 2.596 .04
(a0 O &0 =1s) 2. A0 2. 88

oy Eey -~
Al om atal, aLn 78
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S .58

2
{
{

. ) E 2.48
. 2 2440

CTh b b ek ek el e b e e
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£
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o
—
.
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1w w i

i. 1.28
G 1.04&
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HYDROLOGICAL STUDY FOR

CO—0OF Minmne Disturbed Ar-easa

Reconstructed Sediment Fond "A"

Bear Canyeon Mine Site

BY

HORROCKS % CAROLLLO ENGINEERS

ONE WEST MAIN

AMERICAN FOREK, UTAH 84003

February 28, 1984

-z




- PAGE
HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

EROAD CRESTED WEIR

WIDTH = 10.00 FEET
ELEV. (FT.) FLOW (CFS)

?4.20 0.00

94.30 1.20

94.40 J. 40

?4.50 6.24

?4.460 ?.61

94,70 13.44

?4.80 17.66

?4.90 22.26

95.00 27.19

25.10 32.44

95.20 28.00

/.3f9

FORMULA USED: @ = C * L * H™1.5



FAGE
HORROCKS % CAROLLQO ENGINEERS

AMERICAN FORK, UTAH
February 28, 1984
HYDROLOGIC REFORT FOR
CO—0OF Minmne Disturbed area

STAGE STORAGE 2 DISCHARGE

FOND IDENTIFIER Reconstructed Sed. Pond "A"  —ZepZy -
ELEV STORAGE OUTFLOW 25/T+0
(CU.FT.) (CFS) (CFS)

87.0 0.0 0.0 0.0
88.0 9284.0 0.0 41.3
89.0 19368.0 0.0 86.1
90.0 30284.0 0.0 134.6
91.0 42064 .0 0.0 187.0
92.0 S4740.0 0.0 243.3
93.0 68344, 0 0.0 303.8
94.0 82908.0 0.0 368.5
94,2 85938.6 0.0 381.9
94.7 9TL91. 6 13.4 429.8
95.2  101698.1 38.0 490.0



FAGE
HORROCKS & CAROLLO ENGINEERS
AMERICAN FORK, UTAH
February 28, 1984
HYDROLOGIC REFPFORT FOR
CO—0OF Mine Distur-bed Ar-ea

FOND DEFTH VS STORAGE FROVIDED

FOND IDENTIFIER Reconstructed Sed. Pond "A" - EmaAly =
ELEV DEPTH AREA VOLUME SuM vOL OUTFLOW
feet feet sq.ft. cu.ft. cu. ft. c.f.s.
87.0 8892.0 0.0 0.0
1.0 9284.0
88.0 676.0 9284.0 0.0
1.0 10084.0
89.0 10492.0 19368.0 0.0
1.0 10916.0
0.0 11340.0 30284.0 0.0
1.0 11780.0
91.0 12220.0 42064.0 0.0
1.0 12676.0
92.0 13132.0 S4740.0 0.0
1.0 13604.0
93.0 14076.0 68344.0 0.0
1.0 14564.0
4.0 15052.0 82908.0 0.0
0.2 3030.6
94.2 15254.0 85938.6 0.0
0.5 7753.0
94.7 15758.0 93691.6 13.4
0.5 8006.5

5.2 16268.0 101698.1 8.0



FAGE

HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

HYDROLOGIC REFORT FOR

CO—0OF Mine Distwurbed Ar-ea

FOND DEFTH VS STORAGE FROVIDED

/2L .
FOND IDENTIFIER Reconst. Sed. Fond "A" = 3 yeas al‘ud“é?&i;“d&md’“
ELEV DEFTH AREA VOLUME sumM vOoL OUTFL.OW
feet feet sq.ft. cu.ft. cu. ft. c.f.s.
0.9 12176.0 0.0 0.00
1.1 13286.7
2.0 13132.0 13286.7 0.00
1.0 13604.0
3.0 14076.0 26890.7 0. 00
1.0 14564.0
4.0 15052.0 41454.7 0.00
0.2 JO30.6
4.2 15254.0 44485, 3 0.00
0.5 775%.0
4.7 15738.0 52238.3 13.44
0.5 800&.5
95.2 16268.0 60244.8 35.19



FPAGE

HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

HYyDROLLOGIC REFORT FOR
CO—OF Minme Distur-bed Areas
STAGE , STORAGE =2 DISCHARGE

wr
FOND IDENTIFIER Reconst. Sed. Fond "A" ~ 3 yesrs actomulFid SedivuiT -

ELEV STORAGE OUTFL.OW 25/7+0
(CU.FT.) (CFS) (CFS)
0.9 0.0 0.0 0.0
2.0 13286.7 0.0 7%.8
3.0 26890.7 0.0 149.4
?4.0 41454,7 0.0 2Z20.3
94.2 44485.3 0.0 247.1
4.7 52238.3 13.4 I03.7
?5.2 60244.8 35.2 369.9




. HORROCKS % CAROLLO ENGINEERS
AMERICAN FORK, UTAH
February 28, 1984

Hi awatha RAINFALIL DAaTAa EASE

RaIINFa L, INTENSITY (Imches “Howr )
STORM FREQUENCY (Years)
TIME 2 S 10 25 S0 100
(Min)
5.0 0.84 1.56 1.92 2.76 I.12 3.72
. &6.0 0.79 1.49 1.84 2.63 2.98 3.55
7.0 0.74 1.42 1.76 2.50 2.84 z.38
8.0 0.69 1.35 1.68 2.37 2.70 3.21
?.0 0.64 1.28 1.60 2.24 2.56 3.04
10.0 0.60 1.20 1.90 2.10 2.40 2.88
11.0 0.58 1.16 1.45 2.03 2.32 2.78
12.0 Q.56 1.12 1.40 1.96 2.24 2.68
13.0 0.54 1.08 1.35 1.89 2.16 2.38
14.0 0.33 i.04 1.30 1.82 2.08 2.48
15.0 0.52 1.00 .24 1.76 2.00 2.40
20.0 0.47 0.90 1.11 1.59 1.80 2.16
25.0 0.42 0.80 0.98 1.42 1.60 1.92
F0.0 0.36 0.70 0.86 1.24 1.40 1.68
40.0 0.32 0.461 0.76 1.09 “23 1.48
S50.0 0.28 0.52 Q.66 .94 1.06 1.28
60,0 Q.23 0.44 0.55 .78 0.88 1.06
120.0 Q.20 0.31 Q.38 0.50 0.56 0.65
180.0 Q.18 0.26 0.31 Q.40 0.44 0.51
240.0 0.17 0.2 0.28 0.36 0.40 Q.44
I00.0 0.16 0.22 0.25 0.32 0.36 0.41
360.0 0.16 0.20 0.2% 0.28 0.32 0.39
480.0 0.14 0.18 0.20 0.25 0.28 0.31
HOO0. O 0.12 0.16 0.17 0.22 0.24 0.27
720.0 0.11 0.13 0.15 0.18 0.20 0.22
1080.0 0.0Q9 0.11 0.12 0.15 0.16 0.18

‘ 1440.0 Q.07 0.08 0.09 0.11 0.12 0.13



oo

. PAGE
HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984
HYDROLOGIC REFORT FOR
CO—0OF Minmne Disturbed Area

S . C . S . HY DROGRAarFH

640.0 FEET
0.25 HOURS

HYDRAULIC LENGTH
"BASIN LAG

BASIN IDENTIFICATION Sediment Pond "A"
BASIN DISCHARGES INTO Spillway

BASIN AREA = 14.35 ACRES
BASIN CURVE NUMEBER = 82.00

24-HOUR FPRECIFITATION = 2.60 INCHES
AVERAGE BASIN SLOFE = 14.0 %

HYDROGRAFH RUNOFF VALUES
25 YEAR STORM FREGUENCY

TIME RUNOFF TIME RUNOFF TIME RUNOFF TIME RUNOFF
‘ HOUR C.F.S. HOUR C.F.S. HOUR C.F.S. HOUR C.F.S.
?.20 0.0 ?.30 Q0.0 ?.40 0.0 ?.350 0.0
?.60 0.0 ?.70 0.0 ?.80 0.0 ?.90 0.0
10.00 0.0 10.10 0.0 10.20 0.0 10.30 0.0
10.40 0.1 10.30 0.1 10.60 0.1 10,70 0.1
10.80 0.2 10.90 0.2 11.00 0.2 1i1.10 Q.3
11.20 0.3 11.30 0.4 11.40 0.3 11.50 0.6
11.60 0.8 11.70 1.6 11.80 2.9 11.90 9.9
12.00 ?.6 12.10 13.0 12.20 12.8 12,30 10.1
12.40 7.3 12.50 9.7 12.60 4.6 12.70 .8
12.80 3.1 12.90 2.6 13.00 2.% 13.10 2.2
13,20 2.0 13.30 1.7 13.40 1.9 1X.30 1.5
13.60 1.4 13,70 1.3 13.80 1.2 13.90 1.2
14,00 1.1 i4.10 1.1 14.20 1.0 14,30 0.9
14.40 0.9 14,50 0.8 14.60 0.8 14.70 0.8
14,80 0.8 14.90 0.8 15.00 0.8 15.10 0.8
15.20 0.7 15.30 Q.6 15.40 0.9 15.50 0.4
15.60 0.3 15.7¢ 0.2 15.80 0.1 15.90 0.0
16.00 0.0 16.10 0.0 16.20 0.0 16.30 0.0



FAGE

HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

HYDROLOGIC REFORT FOR

CO—0OF Mine Disturbed aArea

HYDROGRAFH RESERVOIR ROUTING
BASIN IDENTIFIER Sediment FPond "A"

FOND IDENTIFIER Reconst. Sed. Fond "A"
23 YEAR STORM FREGUENCY

T I1 I2 281/7 01 282/7 a2 282/7
+02

11.40 0.0 0.5 0.0 0.0 0.9 0.0 0.5
11.50 0.5 Q.6 0.9 0.0 1.6 0.0 1.6
11.60 0.6 0.8 1.6 0.0 3.0 0.0 3.0
11.70 0.8 1.6 3.0 0.0 5.4 0.0 5.4
11.80 1.6 2.9 S.4 0.0 ?.9 0.0 ?.9
11.90 2.9 S.9 ?.9 0.0 i8.4 Q.0 18.4
12,00 5.9 9.4 18.4 0.0 3. 0.0 IZ.6
12.10 9.6 13.0 33.6 0.0 S6.1 0.0 S6.1
12.20 13.0 12.8 96.1 0.0 g8i.8 0.0 g1.8
2.30 12.8 10.1 81.8 0.0 104.7 0.0 104,.7
12.40 10.1 7.2 104.7 0.0 122.2 0.0 122.2
12.50 7.3 5.7 122.2 Q.0 135.2 Q.0 135.2
12.60 S.7 4.6 135.2 0.0 145.5 0.0 145.5
12.70 4.6 3.8 145.5 0.0 153.9 0.0 1533.9
12.80 3.8 3.1 153.9 0.0 160.8 0.0 160.8
12.90 zZ.1 2.6 160.8 0.0 166.4 0.0 166.4
13,00 2.6 2.3 166.4 0.0 171.3 0.0 171. 3
1Z.10 2.3 2.2 171.3 0.0 175.8 0.0 175.8
13,20 2.2 2.0 175.8 0.0 180.0 0.0 180.,0
13,30 2.0 1.7 180.0 0.0 183.7 Q.0 183.
13,40 1.7 1.3 1B83.7 0.0 i86.9 0.0 186.9
12,50 1.5 1.5 186.9 0.0 189.9 Q0.0 189.9
13,60 1.9 1.4 189.9 0.0 192.8 0.0 192.8
13.70 1.4 1.3 192.8 0.0 195.6 0.0 193. 6
1Z.80 1.3 1.2 195.6 0.0 198.1 0.0 198.1
13.90 1.2 1.2 198.1 0.0 200.6 0.0 200.6
14.00 1.2 1.1 200.4 0.0 202.9 0.0 202.9
14.10 1.1 1.1 202.9 0.0 205.1 0.0 205.1
14,20 1.1 1.0 205.1 0.0 207.2 0.0 207.2
14. 30 1.0 0.9 207.2 0.0 209.2 0.0 209.2
14.40 0.9 0.9 209.2 0.0 211.0 0.0 211.0
4.50 0.9 Q.8 211.0 0.0 212.7 0.0 212.7
14. 60 0.8 0.8 212.7 0.0 214.4 0.0 214.4
14,70 0.8 0.8 214.4 0.0 216.0 0.0 216.0
14.80 0.8 0.8 216.0 0.0 217.6 0.0 217.6



14.90
15.00
15.10
13.20
15. 30

PAGE

HORROCKS ENGINEERS
AMERICAN FORK, UTAH
. February 27, 1984

HYDROLOGIC REFORT FORK

CO—O0OF Mimne Distwrbed Ar-ea

BASIN IDENTIFIER
FOND IDENTIFIER

Sediment
Reconst.

253 YEAR STORM FREGUENCY (

0.8 0.8 217.6
0.8 0.8 219.1
0.8 0.8 220.7
0.8 0.7 222

0.7 0.6 223

MAXIMUM QUTFLOW =
MAXIMUM STORAGE =
MAXIMUM ELEVATION

0.0
0.0
0.0
0.0
0.0

44,48
9

F'Oﬂd "A"
Sed. Fond "A“
CONT ‘D)
219.1 0.0
220.7 0.0
222.3 0.0
223.8 0.0
225.1 0.0
0.0 C.F.S.
5.3 CU FT.
4.2 FEET

= 0N -

[N S|
B B) BRI ) e

N4t o0



‘ FAGE
HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984
HYDROLOGIC REFORT FOR

CO—OF Mirnmne Disturbed Area

= . L = s . HYDROGRAFH

640.0 FEET
0.25 HOURS

HYDRAULIC LENGTH
BASIN LAG

BASIN IDENTIFICATION Sediment Pond "A"
BASIN DISCHARGES INTO Spillway

BASIN AREA = 14.35 ACRES
BASIN CURVE NUMBER = 82.00

24-HOUR FRECIFITATION = 2.90 INCHES
AVERAGE BASIN SLOPE = 14.0 %

HYDROGRAFH RUNOFF VALUES
S0 YEAR STORM FREQUENCY

TIME RUNOFF TIME RUNOFF TIME RUNOCFF TIME RUNOFF
HOUR C.F.S. HOUR C.F.S. HOUR C.F.S. HOUR C.F.S.
8.80 0.0 8.90 0.0 ?.00 0.0 9.10 0.0
.20 0.0 ?.30 0.0 2.40 0.0 7.50 0.0
?.60 0.0 .70 0.0 9.80 0.0 ?.90 0.1
10.00 0.1 10.10 0.1 10.20 0.1 10.30 0.1
10,40 0.2 10.50 0.2 10.60 0.2 10.70 0.2
10.80 0.2 10.90 0.3 11.00 0.4 11.10 Q.4
11.20 0.9 11.30 0.6 11.40 0.7 11.50 0.8
11.60 1.2 11.70 2.1 11.80 z.9 11.90 7.1
12.00 12.0 12.10 15.9 12.20 15.6 12.30 12.3
12.40 8.8 12.50 6.8 12.60 5.6 12.70 4.5
2.80 3.7 12.90 AN | 13,00 2.8 1Z.10 2.6
13,20 2.4 13.30 2.0 13.40 1.8 13.50 1.7
13.60 1.7 1Z2.70 1.6 13.80 1.9 13,90 1.4
14,00 1.3 14,10 1.3 14.20 1.2 14. 30 1.1
14.40 1.0 14.50 1.0 14,60 1.0 14,70 0.9
14.80 0.9 14,90 0.9 15.00 0.9 15.10 0.9
19. 20 0.8 15.30 0.7 15.40 0.6 15.50 0.5
15.60 0.4 15.70 0.3 15.80 0.2 15.90 0.1
16.00 0.0 16.10 0.0 16.20 0.0 16.30 0.0
16.40 0.0 16.50 0.0 16.60 0.0 16.70 0.0



. FPAGE

HORROCKS: ENGINEERS
AMERICAN FORK, UTAH :
February 27, 1984

HYDROLOGIC REFFORT FOR

CO—0OF Minmne Disturbed area

HYDROGRAFH RESERVOIR ROUTING

BASIN IDENTIFIER Sediment Pond "AQ"

FOND IDENTIFIER Reconst. Sed. Pond "A"
S50 YEAR STORM FREQUENCY

T I1 I2 2851/7 01 282/7 az2 282/7T
+02

11.20 0.0 0.5 0.0 0.0 0.5 0.0 0.9
11,320 0.5 0.6 0.5 0.0 1.7 0.0 1.7
1i1.40 0.6 0.7 1.7 0.0 3.1 0.0 3.1
11.30 0.7 0.8 3.1 0.0 4.6 G.0 4.6
: 11.60 0.8 1.2 4.6 0.0 6.7 0.0 6.7
11.70 1.2 2.1 6.7 Q.0 ?.9 0.0 ?.9
‘11.80 2.1 3.9 9.9 0.0 15.9 0.0 15.9
11.90 3.9 7.1 15.9 0.0 26.8 0.0 26.8
12.00 7.1 12.0 26.8 0.0 45.9 Q.0 45.9
12.10 12.0 15.9 45.9 0.0 73.7 0.0 73.7
12.20 15.9 15.6 73.7 0.0 105.2 0.0 105.2
12.30 15.6 12.3 105.2 0.0 133.1 0.0 133.1
12.40 12.3% 8.8 13301 0.0 154.2 0.0 194.2
12.50 8.8 6.8 154.2 0.0 169.9 0.0 162.9
12.60 6.8 S.6 169.9 0.0 182.3 0.0 182.3
12.70 S.6 4.5 182. 3 0.0 192.4 0.0 192.4
12.80 4.5 3.7 192.4 0.0 200.6 0.0 200.6
12.90 .7 3.1 200.6 0.0 207.3 Q.0 207.3
15,00 3.1 2.8 207.3 0.0 213, 0.0 2131
12,10 2.8 2.6 21301 0.0 218.5 0.0 218.9
13,20 2.6 2.4 218.5 0.0 222.5 S0.0 223.5
13,320 2.4 2.0 22Z.5 0.0 227.8 0.0 227.8
13.40 2.0 1.8 227.8 .0 231.6 0.0 231.6
13.50 1.8 1.7 221.6 0.0 235.2 0.0 235.2
13.60 1.7 1.7 235.2 0.0 238.6 0.0 238.6
13.70 1.7 1.6 238.6 0.0 241.8 0.0 241.8
13.80 1.6 1.5 241.8 0.0 244.9 0.0 244.9
13.90 1.5 1.4 244.9 0.0 247.7 0.1 247 .6
14,00 1.4 1.3 247.6 0.1 250.1 0.7 249.4
14,10 1.3 1.3 249.4 0.7 2581.3 1.0 250.3
14,20 1.3 1.2 250.3 1.0 251.8 1.1 250.7
4. 30 1.2 1.1 250.7 1.1 251.9 i.1 250.8
4.40 1.1 1.0 250.8 1.1 251.8 1.1 290.7
14.50 1.0 1.0 250.7 1.1 251.6 1.1 250.9
14.60 1.0 1.0 250.3 1.1 251.4 1.0 250.4



14.70
14.80
14.90
15.00
15.10
15.20
15.30
15.40
15.50
15.60
15.70
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HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

HYDROLOGIC REFORT FOR

CO—OF Mime Distwurbed Ar-ea

BASIN IDENTIFIER
FOND IDENTIFIER

Sediment Pond "A"
Reconst. Sed. FPond "A"

S0 YEAR STORM FREQUENCY (CONT "D)

Lol
.
Ny le]

-
v
[

-~
ot t
. =
[ .

ACNODO0000Q
D D

WO OO =MD

nencaehan

e e ol ole]

-~ e~
e ]
.

s
OO
.

.
L™
.

[a]
PUACNDOO0GO

rJ
B
0

S O
EN
J
b
0

0.3 249.

lolle e e
s

MAXIMUM OUTFLOW
MAXIMUM STORAGE
MAXIMUM ELEVATION

Won

-
'

1.0 251.3 1.0
1.0 251.2 1.0
1.0 251.1 0.9
0.9 251. 1 0.9
0.9 251.1 0.9
0.9 250.9 0.9
0.9 250.7 0.8
0.8 250. 4 0.8
0.8 250.0 0.7
0.7 249.6 0.6
0.6 249.2 0.5
1.1 C.F.S.

45,140.6 CU FT.
94.2 FEET

250.3
250.2
250.2
250.1
250.1
250.0
249.8
249.6
249.3
249.0
248.7
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HORROCKS ENGINEERS .
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HYDROIL.OGIC REFORT FOR
CO—0OF Mime Distur-bed Area

S5 . C . S . HYDROGRAFRH

640.0 FEET
0.25 HOURS

HYDRAULIC LENGTH
v ~BASIN LAG

BASIN IDENTIFICATION Sediment Fond "A" -
BASIN DISCHARGES INTO Spillway '
BASIN AREA = 14.35 ACRES
BASIN CURVE NUMBER = 82.00

24-HOUR PRECIPITATION = 3.18 INCHES
AVERAGE BASIN SLOPE = 14.0 % :

HYDROGRAFH RUNOFF VAILUES
100 YEAR STORM FREGQUENCY

TIME RUNOFF TIME RUNOGFF TIME RUNQFF TIME RUNOFF
HOUR C.F.S&. HOUR C.F.SG. HOUR C.F.S. HOUR C.F.S.
8.00 0.0 8.10 0.0 8.20 0.0 8.30 0.0
8.40 0.0 8.50 0.0 8.60 0.0 8.70 0.0
8.80 Q.0 8.90 0.0 .00 0.0 ?.10 0.0
Q.20 Q.0 .30 0.0 ?.40 0.0 Q.20 0.1
?.60 0.1 2.70 0.1 ?.80 0.1 9.90 0.1
10.00 0.1 10,10 0.2 10.20 0.2 10.30 0.2
10.40 0.2 10.50 0.3 10. 60 0.3 10.70 0.4
10.80 0.4 10.90 0.5 11.00 0.9 11.10 0.6
11.20 0.7 11.30 0.8 11.40 1.0 11.50 1.1
11.60 1.5 11.70 2.7 11.80 4.8 11.90 8.6
12.00 14,2 12.10 18.8 12.20 18.3 12.30 14.4
12.40 10, % 12,50 7.9 12. 60 6.5 12.70 5.2
12.80 4,2 12.90 .5 13.00 3.2 13,10 3.0
13,20 2.7 13,30 2.2 13.40 2.1 13.350 2.0
13,60 1.9 1Z2.70 1.8 13.80 1.7 13.90 1.6
14,00 1.9 14.10 1.9 14.20 1.4 14.30 1.3
14.40 1.2 14.50 1.1 14.60 1.1 14.70 1.1
14.80 1.1 14,90 1.1 15.00 1.1 15.10 1.1
15.20 1.0 19.3 0.9 15.40 0.8 15.50 0.7
15. 60 0.6 15.70 0.9 15.80 0.4 15.90 0.3
16.00 0.2 16.10 0.1 16.20 0.0 16.30 Q.0
16. 40 0.0 16.50 0.0 16. 60 0.0 16.70 0.0



FAGE

HORROCKS ENGINEERS
AMERICAN FORK, UTAH
February 27, 1984

HYDROLOGIC REFORT FOR

CO—0OF Minmne Disturbed Area

HYDROGRAFH RESERVOIR ROUTING
BASIN IDENTIFIER Sediment Fond "A"

FOND IDENTIFIER Reconst. Sed. Pond "A"
100 YEAR STORM FREQUENCY

T I1 I2 281/T 01 282/7 oz 282/T
+02

11.00 0.0 0.5 0.0 0.0 0.5 0.0 0.5
11.10 0.5 0.6 0.5 0.0 1.6 0.0 1.6
11.20 0.6 0.7 1.6 0.0 2.9 0.0 2.9
11.30 0.7 0.8 2.9 0.0 4.5 0.0 4.5
11.40 0.8 1.0 4.5 0.0 6.3 0.0 6.3
11.50 1.0 1.1 6.3 0.0 8.4 0.0 8.4
11.40 1.1 1.5 8.4 0.0 11.0 0.0 11.0
11.70 1.5 2.7 11.0 0.0 1S5.1 0.0 15.1
11.80 2.7 4.8 15.1 0.0 22.6 0.0 22.6
11.90 4.8 8.6 22.6 0.0 35.9 0.0 35.9
12.00 8.6 14.2 35.9 0.0 58.7 0.0 58.7
12.10 14.2 18.8 58.7 0.0 1.7 0.0 91.7
12.20 18.8 18.3 1.7 0.0 128.8 0.0 128.8
12.30 18.3 14.4 128.8 0.0 161.4 0.0 161.4
12.40 14.4 10.3 161.4 0.0 186.1 0.0 186.1
12.50 10.3 7.9 186.1 0.0 204.3 0.0 204.3
12.60 7.9 6.5 204.3 0.0 218.6 0.0 218.6
12.70 6.5 5.2 218.6 0.0 230.3 0.0 230.3
12.80 5.2 4.2 230.3 0.C 239.8 0.0 239.8
12.90 4.7 3.5 239.8 0.0 247.5 0.1 247.4
.00 .5 3.2 247.4 0.1 254.1 1.6 252. 4
13,10 .2 .0 252.4 1.6 256.9 2.3 254.6
13,20 3.0 2.7 254.6 2.3 258.0 2.6 255. 4
13.30 2.7 2.2 255. 4 2.6 257.8 2.9 255.3
13.40 2.2 2.1 255.3 2.5 257.1 2.4 254.7
13.50 2.1 2.0 254.7 2.4 256.4 2.2 254.2
13.60 2.0 1.9 254.2 2.2 255.9 2. 25%.8
13.70 1.9 1.8 253.8 2.1 255. 4 2.0 253.5
1%.80 1.8 1.7 253.5 2.0 255.0 1.9 253%.1
13.90 1.7 1.6 253.1 1.9 254.5 1.7 252.7
14.00 1.6 1.5 252.7 1.7 254.1 1.7 252.4
14.10 1.5 1.5 252.4 1.7 253.8 1.6 252.2
14.20 1.5 1.4 252.2 1.6 253.5 1.5 252.0
14.30 1.4 1.3 252.0 1.5 253.1 1.4 251.7
14.40 1.3 1.2 251.7 1.4 252. 1.3 251.4
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HORROCKS ENGINEERS
AMERICAN FORK, UTAH
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HYyDROLOGIC REFORT FOR
CO—OF Mine Distwurbed Area
BASIN IDENTIFIER Sediment Pond "A"

‘POND IDENTIFIER Reconst. Sed. Fond "A" H
100 YEAR STORM FREQUENCY (CONT "D !

14.50 1.2 1.1 251.4 1.3 252.3 1.2 251.1
14. 60 1.1 1.1 251.1 1.2 252.1 1.2 250.9
14.70 1.1 1.1 250.9 1.2 251.9 1.1 250.8
14.80 1.1 1.1 250.8 1.1 251.8 1.1 250.7
14.90 1.1 1.1 250.7 1.1 251.7 1.1 250. 6
15.00 1.1 1.1 250.6 1.1 231.6 1.1 250.6
15.10 1.1 1.1 250.6 1.1 251.6 1.1 250.5
15.20 1.1 1.0 250.95 1.1 231.93 1.0 250.5
15.30 1.0 0.9 250.3 1.0 231.2 1.0 250.3
15.40 0.2 0.8 250.3 1.0 250.9 0.9 250.0
‘15.50 0.8 0.7 250.0 0.9 250.5 0.8 249.7
15.60 0.7 0.6 249.7 0.8 250.1 0.7 24%2.4
15.70 0.6 0.5 249.4 0.7 249.7 0.6 ©249.1
15.80 0.9 0.4 249.1 0.6 249.3 0.3 248.8
15.90 0.4 0.3 248.8 0.3 248.9 0.4 248.5
MAXIMUM OQUTFLOW = 2.6 C.F.S.
“MAXIMUM STORAGE = 45,973.2 CU FT.
MAXIMUM ELEVATION = 94.3 FEET
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HORROCKES/CARDLLO ENGINEERS
AMERICAN FORE, UTAH

April 25, 1984

Frf=i{ies i CRESTED  WME TR

WIDTH = 4,00 FEET

ELEM. (FT.2 FL.OowWw (CFS)

TOTE, GO0 0., 00
FOFEHEO 1.36
TG540 3.85
FOTE.ED T.06
FOT5. B0 10,86

FOTH. DO 15,20

FORMULA USED: & = 0 =% L % H™1.5

<= 3.8
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HORROCKS /CAROLLO ENGINEERS
AMERICAN FORE, UTAH

April 25, 1984

A IO OIS 0T FEFO~T RO
o 1E e 14 st oeae By esod [ sl Y
FOis 0y IDDEFTER O WYES STIORSEE PR T D

FOND IDENTIFIER Sediment Fond “"E" - 54/7}' -
ELEV DEFTH AREA VOLUME stM Vi OUTFL.OW
feat taet s.fh. cu. ft. cu. Fl. C.f.B

T0OEF. O TEB.0 0.0 0. 00
TOTO. 0 1070.0 B897.0 ©.00

FOFTL.0 14350,0 2149, 0 QL 00

TOTEL G 1808.0 E76B.LO 0. 00
1.0 20060

TOTEL O 22040 57740 Q.00
1.0 2411.0

FOT4,.O 26H18.0 g185.0 0, 00
1.0 28%4.0

FOTLLG IOS0, 0 11019.0 Cr, OO

1906

TOTE, W 1400 11638.6 1.3
0.8 LE&. L

TOT5. 4 IRIOL0 12E74.7 2. 85

SN HEE LA
TOTE A EEAG, O TR9EG X F.06

FOTELH BA10,.0 1 mA072 .3 16,88

T O TEGO, O 14254,Q 15,20
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HORROCKES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
A I S i REFORT FON
o003 id e DA s earioerod T SR
ST G ED TR ESSE 2y DY SSRGS E
FONMD IDENTIFIER Sediment Fond "g" -—zaqVYY -

ELEY STORAGE OUTFLOW 2G/T+0
(CULFT.) (CFS) (CFS)

TOQLET .G 0,0 Q.0 3,
FARVARIRY 899.0 0,0 S
FOF1.0 2149.0 [ ii.
TOT2.0 ETHB.0 Q.0 20,
TOTIL0 HT74.G 0.0 E2.
FOT4, 0 g185. 0 0,0 45,
FOTE5.0 110190 0.0 &l
TFOTE..2 11638, 6 1.4 HbH
FOTE.4 12374, 7 .8 7
70756 12950, 3
7O7E.8 156023
Q74,0 14294.0

— -
e

N

M
i

e R e

i Lo ™
-
~J
Y
R LR

10,9 6.4
Ll el ?4.~1{7

n
-1



FAGE
HORROCES/CARDLILO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
Y IDPFOL NS DO REFORT FOR
O el rvr A essd e Bvesod = €SP S

FOND DEFTH WS STOROGE FROW I DED

FOND IDENTIFIER Sediment Fond "B" - w/Z _3)&»—9 Sk Srrens T~

ELEY
foet

TOTL.G

TO7E.0

TOTELOQ

FO74.,0

FO7E. G

FOFS.E

FO75. 4

FOTELE

S,
TOTEH. G

ST 80

DEFTH AREA
test sq.fth.

14730, 0
1.0

1808.0
1.0

2EDL,Q
1.0

2&18.0
1.0

ZO50.0Q
GLiE

21400
0.2

RIS IR

BIE0OLQ

0.8
EALO.0
0.

REQQL. G

VOLUME
cu.ft.

1619.0

TO0L,. 0O

2834.0

H19.6

HEGL

SM VoL
cit. Fh.

0,0
1612.0
I6ZE5.0
LHOELL G
g8870.0
489. 4

10O1E5.7

10781, 5

18145.0

JUTFL.OW
Cat .5,

QL Q0

O, DO

Q.00

0, Q0

0, QO



FAGE
HORROCKS /CARDLLD ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
Y IO OIS T OO REPCRT FOR
203 —03F MMi e D0E sstoear e od Ay ]
STAGBE , STOROGE 2 DISCHORGE
FOND IDENTIFIER Sediment Fond "EY -)&021.*3)*""5‘¢Z““3 =

ELEY STORAGE OUTFLOW 25/7T+0
(CULFT.) (CFS) (GFS)

TOTL.L0 0.0 Q.0 0.0
70720 1619, G N 7.0
FOFR.O ZEEH.0 0.0 LI
TOT4. O EOTE.L O 0.0 25D
TOTHLO HE7O.O 0.0 49,5
Fors . @ G489 . & 1.4 =401
TOVE.4 To1esE.7 .8 &O.1

1

L)

"

FOTOLLE 10781.3 67 .G
FOFE.G 11453, 3 74.5

TO7H.O 121458.0 82.7

-
s
H

Tk e
o
.



HORROCKES/CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984

Fid eawveat e FRAOTTAMFOLL. DT BEaSE

Foemy TP e b ErTE MRS L T C Ermosbhes s oy b

STORM FREQUENCTY (Years)

TIME = 5 10 ] =0 100

et e L

.84
Q.79
.74
Q.69
Oa bt
QL &HO

0L SE

(.

Q.54

wi 00

e

i’!\

-
N
e

PR
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HORROCES/CARDLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
Y IR CNS T REFOST FIOs
33— Mimer Distoarbec S e

= . [ M o 4 T D P OGS P e

BASIN IDENTIFICATION Sediment Fond "B
BASIN DISCHARGES INTO Spillway

BASIN AREA = .82 ACRES

BASIN CURVE NUMBER = 8. 00
F24-HOR FPRECIFITATION = 2.25 INCHES
AVERAGE RBASIN SLOPE = &H.S 4
HYDRAULTC LENGTH = &HOO,. 0 FEET

BASIN LAG = D.25  HOURS

HYDROGRAPH RUNDFF VALLIES
12 YEAR STORM FREGUENDY

TIME RUNDFF TIME RUNGFF TIME RUMOFE TIME FUNOFF
‘ HOLR ST HOLIR C.F.5. HOUR C.F.G. HOUR C.F.5.

10,00 0, O 10,10 0,0 10, 20 G0 10, 320 0.0
10,40 ., O 10,50 0, O 10, &0 0.0 10.70 Q.0
10. 80 0,0 10,90 0,0 i1.00 0,0 11.10 Q.0
112G .0 Ay 0,0 11,40 0.0 11.50 0.0
11.60 a1 7O Ol 11.80 Q.2 11.90 .5
12,00 (.9 10 1.2 12, 320G 1.2 12,350 1.0
13,4 50 G b LI 12.70 0.4
12,80 0, R R 0.2

Q.1

0,3

€.

0, I}
(¥, AN G G. 1
0 0 0, Gl

9] 0.0

KO S S O B O B Y 1

.0
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‘ HORROCKS/CAROLLD ENGINEERS
AMERICAN FORE, UTaAH
April 25, 1984

HYDFROL.COGTE FREFORT FOR

CO—OF Mime Distuar-bhecd e e

HY DRDIGRASOFH RESERWDO TR ROWIT EPRNG
BASIN IDENTIFIER Sediment Fond "B"

FOND IDENTIFIER Sediment Pond "R"
10 YEAR STORM FREGUENCY

T I1 2 28177 01 28277 ) E52/7
+03

13, 00 0.0 0,9 0.0 0.0 0.9 0.0 0.9

12,10 Q.9 1.2 0.9 Q.0 Z.0 (.0 .0

: 1.2 1.2 E.0 0.0 5.4 G.0 5.4
1S 1.2 1.0 =5, 4 0,0 Tub G0 Tk

1. 40 1.0 .7 b Q.0 Gl 0.0 A

12,506 Q.7 G b G 0.0 10.4 Q.0 10. 6

i d

3,

MAXIMUM OUTFLOW 0.0 C.F.5.
MAXITHMUM STORAGE 8,870,0 CU FT.
MAXIMUM ELEVATION = 7,075.0 FEET

i oH



TIME
‘ HOUF:

P20
b0
10,00

1. 40

10,80

FAGE
HORRO
AMER T
April

Y IDROMLDNGEG DO REFORT FO

C2E3 0 MA rvex D04 s=4tooarr e ot

5w Y ow Y DO &
BEARIN
BASIM

IDENTIFICATION
DISCHARGES INTO

Sediment
Spilliway

BEASIN AREA = 1.8%
BASIN CURVE NUMBER BZ.00

i

2A-HOUR FRECIFITATION = 2. 60
AVERAGE BASIN SILLOFE = 6.5
HYDRALULLIC LENGTH = EHO0. O

LAG = 0.2

BEASIN

HYDROGRAPH RUNOFF VALLIES
25 YEAR STORM FREQUENCY

RLINOFF
C.F.S.

RUNDOFF

oL E.,

TIME
HOUR

RUMNOFF
C.F.5.

TIME
HOUR

F. 40 Q.
7. 80 Q.0
10.20 {3, 0
10 &0 Qo
11,00 O, 0
11.40 Q.1
« B0 0.4

0.0
O, 0
0.0
o, 0
0,0

0,0

G, 30 0.0
Q.70 0,0
10.10 Q.0
10.50 O, 0
10,90 0.0
11, 5EC 0.l

(3N ] ) (] O,

i
o1
1

(R

O, O

CEES/CAROLLD ENGINEERS
CAN FORK, UTAH
25, 1984

g [
=
Py el -}

Fond "B"

ACRES

INCHES
%

FEET
HOWRS

RUNOFF
C.F.G.

TIMFE
HOUR

0.0
0,0

0,0

950
Q.90
LG, 30
10,70 O, O
11,160 0,0
11.50 Q.
11.90 0.

1

-




s B WY SRk S = R N
o — O PTd e
HY IR OGE R

BASIN IDENTIFIER
FOMD IDENTIFIER
25 YEAR STORM FR

T It 12 25

0,0 0.7 O
Q.7 1ol 0
1.2 1.& e
1.4 1.6 5
1.4 1.3 o
1.3 G.9 11

5

0.7 G.b 15

MAXIMUM OUTFLOW
MAXIMUM BTORAGE =
MAaXIMUM ELEVATION

0.9 0.7 3.

FAGE
HORROCKS /CAROLLO ENGINEERS
AMERICAN FORK, UTAH

April 25, 1984

F~EEFO~=T O
4 st by oeod fon Y Sl - ]
FrEr S S Y e ROl T X oedds

Sediment Feond "BY
Sediment Fond "BY
EQUENCY

1/7 o1 252/ oz 2SR/
+0Z

e 0.0 0.7 0.0 Q.7

vy 0,0 N r, O E
b 0,0 = Q.0 5.5

0.0 8.7

2

. 0,0

L0 e = OO LR R

7
&, 7 0.0 11.7 0.0 11.7
L7 0, 0 13,9 Q.0 1%.9
fac 0.0 1 = 0,0 15.5
.5 0.0 16.8 0.0 16.8

0.0 O.F.8.
B3,870.0 CU FT.
= TLO75.0 FEET



' FAGE
HORROCKS/CAROLLD ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984
HY DO OG IS REFORT FOR
oy — T F PTE e I3 o ss4 e Boesad oy B S

= . o = A IS S P

BASIN IDENTIFICATION Sediment Fond "B"
BASIN DISCHARGES INTO Spillway

BASIN AREA = 1.82 ACRES

BASIN CURVE NUMBER = 822,00

24-HOUR FRECIFITATION = 2.590  INCHES
AVERAGE BASTIN SLOFE = .50 A
HYDRAULIC LENGTH = LHO0,0 FEET
BASIN LAG = 0,25 HOURS

HYDROGRAFH RUNOFF VALUES
S0 YEAR STORM FREGQUENCY

TIiME RUNOFF TIME RUNOFF TIME FLNOFF TIME RUNOFF
HOLIR CoFL 8. HOLIR CL.F.E. HOWR C.F.58. HOUR C.F.5.

(.0
0,0
0.0
1, O
0.0
el
Ol
L5

g. 80 0.0 .20 Q.0 Q.00 0,0
T A0 G, O QLA (R G40 0.0
9, &HO (.0 Q.70 0.0 G, 80 0.0
10, 00 Cr, i 10,10 G, 0 10,70 0.0
10,40 0,0 10,50 G, 0 10O.&0 Q.0

10,80 Q.0 10,50 0, O 11,00 01,0

Qi 11,30 0.l 14 .40 0.1
ok 11.70 (. 11.840 Gud

2.0

1

LY, v, A

0 b

£y, : '
- - .y
LI L 0,
-
TN L
the i ]




FAGE
. HORROCKES /CAROLLO ENGINEERS
AMERICAN FORE, UTAH
April 25, 1984

Y DO S YO REFEORT FOR
o i3 mver 103 st oesv e T S S
Y IS S - RESERMWO IR ROUET X MM

EASTIN IDENMTIFIER Sediment Fond "EY
FOND IDENTIFIER Sediment Fond "B"
S0 YEAR STORM FREBUENCY

T I 12 281/T 01 282/7 02 BBR/T
+ {132

11,90 0.0 0, ¢ 0.0 0.0 0.9 0,0 0.9
12, 06 Q.9 1.5 0.9 Q.0 .5 1, 0 Z.E
12010 1.5 2.0 AL 0.0 &.8 0.0 &H. 8
1z 2.0 B b B 0 O 10.8 0.0 10.8
132 B 2.0 1.5 10.8 . O i4.4 0.0 14.4
1.6 1.1 14,4 GO 17.1 0.0 17.1
1a1 0.9 17. 0.0 19.0 G0 19.0
12460 0,9 .7 1944

12.70 0.7 Oud 20

ey
At

—

>

O.0 20.6 Q.G 20,6
0.0 21.9 Q.0 21.9

o o

FGXIMUM OUTFLOW = G.0 DUF.5.
FAXIMUM STORAGE = B,a70.0 O FT.
MAXIMUM ELLEVATION TL0FE.O0 FRETY

]



TIME

’ HOUE:

t. Q0
B, 40

AN OIS O FREEORT

Lo v T Y

=

L

BAGIN
BASIN

BASTN
BASIN
24-HO
AVERA
HYDRA
BEOSTN

HYDRD
100

RLINOFF
CLF.5,

.0
. O
e
W 0

- 0

0
5
3
O
(i,

i

3

FAGE

HORROCES/CAROLLO ENGINEERS

AMERICAN FORE,

April

Pl e I3 ssdwar B oesad

£

e Ly

IDENTIFICATION
INTO

nIsc

AREA
CLRY
LR PR
GE BA
(R

LAlE

GFRAFH
YEAR

T IME
HOLIR

HARGES

E NUMBER

SIN

LENGTH

RUNOFF

LCIFITATION
SLOFE

VAaLUES

STORM FREGUENCY

RUMOFF

0,0
(SR

0,0

TIME
HOUR

I 0 P O S ey I e

Sediment
Spillway

1.8%
H2.00
.18
LI
&0, O
0.25

RUNGFF

C.F.5.

0.0

0.0

0.0
(3, G
0,0
(3, Q)
3,0
Gl

3.1

0.2
G, 3
0.1
Gal
Q.o

0

LTAH

e
alewt oy

1984

= Ca

T T S

Fond "R

ACRES

INCHES
7

FEET
HOURE

RUNOFF
C.r.G.

TIiME
HOLUIR

O, 0
0.0

23]
=S

.30
£, 70
F.10
7. 50
T, 90

103, 30

0, O
G. 0
0,0
O, G
0.0

2.1




FAGE
. HORROCES/CAROLLO ERNGINEERS
AMERICAN FORE, UTAH
April 25, 19894
S O NS = E OO LA N )
CXE—0F b e i s ear B et oy o S
" ISR S e P sSS E e T FOOLE T s
BASIN IDENTIFIER Sediment Fond "RY
FOND IDENTIFIER Sediment Fond "R
100 YEAR STORM FREOQUERNCY
T T 12 25177 01 282/7 () 2ERAT

11,80 0.0
0.6

1.8
1.3

MAXTHUM OUTFLOW = G.0 CLUF.5.
MAXIMUM STORAGE = 2,870.0 CU FT.
MAX TMUM ELEVATION = FLOTE.0 FEET
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"SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

H%;HDEEGCHS
g EMGIMEERS
CO~-0F Mine Disturbed
FROJECT No. 830942
DATE: 4/30/84

frea
CHARNEL 15 TRIANGULAR
SOLVING FOR

WAL DI T T, e S

VELODITY

fos

DISCHARGE

ofs

DEFTH
+t.

5L.0FE
fr/ft

MENNTNG

COEFF. il

4,01 1.G0 - OEBOOG - OFOGO0 1. O

o S0

FROUDE NUMBER REYMNOLDS NUMBER LIMIT SLOPE

1.414 L&, 4 « 1&SEEEE0

CRITICAL DEPTH SEAUENT DEFTH ALTERMATE DEFTH

f::'l s Py 2 ag i =
W B35 « 235 P

THIS CHANNEL

ININA TING ORITICAL

THE HANGE GIVERN.

R

SFRE
ARD

DISCHAREBES

FOF THE ARBDVE-LISTED CONDITIONS, THE FLOW REGIME IS5

-/ 0.8 cis }/QEU/')"&Q[

SIDE SLOFES

CRITICAL

0,00

WITDH
Ft.

L. Q0 2, 00

DISCHARGES

0, 00

TURBLILENT



.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

EIH HORROCKS
K EMGINEERS
CO-0F Mine Disturbed drea

FROJECT No. 83209-472
DATE: 4/30/84

CHANNEL. IS5 TRIAMGULAR
SOLVING FOR  SPEELIT0CT X T DY ST e EE

ELOCITY  DISCHARGE  DEFTH MANNTNG SLOFE SIDE SLOFES WITDH
pe cfe ft. COEFF ., Fr/fE Z:i Ft.

5. 54 A2 W75 o QEBGOO0 L L OOOO0 1.00 1. G0 Q00

‘F‘R(i')l_llﬁ)E NUMBER REYNOLDS NUMBER LIMIT SLOPE CRITICAL DISCHARGES

1,595 136GE7.0 1 65825EE 0. Q0 0L Qo

CRITICAL DERTH SECLIENT DEPTH ALTERNATE DEFTH

1. 30 1w 1350

EXISTING CRITICAL DISCHARGBES FOR THIS CHANNEL
Rabiat BIVER.

THE

FOR THE AROVE-LISTED CONDITIONS, THE FLOW REGIME IS SUFERCRITICAL TURBULENT

oy 15 5 r%ufrei




‘SUMMARY OF GENERAL UNIFORM FLOW

HORREOCKS
“'Eau IGINEERE
CO-0F Mine Disturbed Srea

FROJECT WNe. 8309473
DATE: 4/750/84

CHANNEL IS TRIAMGULAR

SOLNVMING FOR  WMEILL T T Ty, T ST RS E

VELDCITY  DISCHARGE

foes cts

S5L.0FPE
ft/+t¢

DEFTH
ft.

MAMMNING
COEFF.

18] W SO0 . 1S0000

REYNOL.DS HMUMBER LIMIT SLOFE

‘l ROUDE NUMBER

1,855 B4777.6 . L&ESBRETEE

CRITICAL DERPTH SECHIENT DEFPTH ALTERMNATE DEFTH

- 71 - 21 F1

MO ES TING CRITICAL D FOR

THE RANDGE GIVER.

SUHARGES

THERE &RE
EAND

CONMDITIONS, THE FLOW REGIME IS

-3 D )0 ¢S5

THIS

SUPERCRITIOAL

CALCULATIONS

SIDE SLOFES WITDH
25 ft.

1 .00 1. G0 0,00

CRITICAL DISCHARGES

QL 00 G, OO0

CHANRNEL.

TURBLILLENT

ref uire—cl



'.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

EilggkﬁiﬁFEFEiﬁiifiES
EHNGINEERS
CO-0F Mine Disturbed Srea

FROJECT No. 8309-42
DARTE: 4730784

CHANNEL 1% TRIANGULAR
SOLVING FOR SAETE DD T W, e W S50 - i O
YELOCZITY DNISCHARGE DEFTH MARNN I NG SLOFE SIDE SLOFES WITDH
: 1

s ctfa . COEFF. FtAft 7z it

L ] =,Ey 1. 00 . OEBO00 . OETHOC 1.00 1.00 Q.00

‘ FROUDE NUMBER REYNOLDS NUMBER LIMIT SLOFE CRITICAL DISCHARRBES

1. 323 17575609 - 1&EBEE3E 0. 00 L, L

CRITICAL DEPTH SEGUENT DEPTH ALTERNATE DEFTH

.94 .94 .94

THERE aRE MO F
SLOFE ORD THE

CITIOAL DISCHARGES FOR THIS CHANNEL

FOR THE AROVE-LISTED CONDITIONS, THE FLOW REGBIME 15 SUPERCRITICAL TURBULERNT

TP~ FD L B r5s rﬁ.,;,—.'_ql



.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

IllEric ez e

CO-0F Mine Disturbsd Area
FROJECT No. 820947
DAETE: 4/730/84

CHANNEL IS TRIANGULAR

SOLVING FOR  SSETLLEICT T 7T PSS E

VELOCITY DISCHARGE DEFTH MANNTNG SILOPE SIDE SLOFES
fps ofs Ft. COEFF. £ /4t 7o

.74 1.25 - CRESQO0 » QE4000 1.00 1. QG

WITDH
ft.

i, 0

‘ FROUDE NUMBER REYMNOLDS NUMBER LIMIT SLOFE CRITICAL DISCHARGES

1.3

iI‘

CRITICAL DEFTH SECHIENT DEPTH AL TERMNATE DEFTH

o~y « Sy a o e
WA LT s LA NEA & o

La '\(’[1 CRITICAL DISCHAR
- EIVER,

COTHITS OHANMEL

FOROTHE ABOVE-LISTED COMDITIONS, THE FLOW REGIME 15 SUPERCRITICAL TURBULENT

i
M

42:7.’- f;ijED :Z 22 <::§3§ )1ifiuLZrC—C{

Aol 2EH010.9 L 1E5BEEER 0. 00 Q. 00



"SUMMARY OF GENERAL

EE gEHa REROCKES

ENGINEERS
CO-0F Mine Disturbed Area
FROJECT No. #309-42

DATE: 4/730/84

CHANNEL I8 TRIANGLIL.AR

SOLVING FOR D SFPEDLOCD T 7T ™"

np

VELOCITY DISCHARGE
f‘F:‘gi Crs

DEFTH
ft.

FROLGE MIMBER

107562.5

CRITICAL DEFTH SEGUENT DEPTH

1.1%

1.1%9

PO EX
THIE

ISTING
FANGE

GIVERM.

ONDTITIONS

p-er

REYNOLDS NUMRBER

CRITICHA

THE FLOW

UNIFORM FLOW

2 BBty FiS E

MANMING
COEFF.

SLOPE
FE/EE

oy 1 BT 4

« REEQOQO W DEES0O0

LIMIT SLOFE

AEEIEEG

®
[y

AL TERNATE DEFPTH

.19
DISCHARBES FR

REGTME

)2 35S

THIS

CALCULATIONS

SIDE SLOFES
Z:1

WITDH
.

1. 00 1.00 O, O

CRITICAL DISCHARGEDS

v, 00 (3, Q0

CHANNEL.

TURBLULENT

)’ez?caiiﬂa(i



"SMMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

EEBQ HORREOCKES

EMNGINEERS

CO-0F Mine Undisturbed frea
FROJECT No. 830947

DATE: 4/30/84

CHANNEL. IS TRIAMGULAR

SOLYVING FOR  SMETLLCNID T 7T ™ L, IS el o ) S )

VELDCITY
fps

DISOCHARGE
[t -

DEFTH
ft.

MAMNNING
CDOEFF.

I 1.97 P! - ORS00

LIMIT SLOFE

1. 009 SAHOE0.0

ST T T
» 1 i{.- ».lg:' eSS

CRITIOAL DEPTH DEFTH

SERUENT

DEFTH  ALTERNATE

NE CRITICSL DISUHARGES

R T R0

T8TED CONDITIONS,

7=/ ),5 <55

S1L.OFE
FL/FL

. QAOQGH

FOR

SLOFES
i1

WITDH
ft.

SIDE

1.00 .00 QL Q0

CRITICAL DISCHARGES

Q.00

Q. 00

CHEMNNMEL

SUPERCRITIOCN. TURBULENT

)’7 u/’refi



‘.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

“@ HORFEOCES

EMGINEERS

CO-0F Mine Undisturbed AGrea
FROJECT No. 830%9-4732

DATE: 4/30/84

CHANNEL I8 TRIANGLILAR
SOLVING FOR  WAETLLEDCD T T R S e oy SET) SO )

VELOCITY DISCHARGE DEFTH MANNTNG SLOFE SIDE SLOPES WITDH
fp= ofs i, COEFF. fL/ft 721 .

HL9E PR . T L DEEO00 . GEOGO00 1., 00 1. 00 0, 00

‘ FROUDE MNUMBER REYNOLDE NUMBER LIMIT SLORE CRITICAL DISCHARGES

1,128 FL20E. B - 165E25EE Q.00 (EPReIE

CRITICAL DEFTH SEOUENT DEFTH ALTERNATE DEFTH

1.173% 1.13 1.173

ARE NDEXISTING CRITICAL DISCHARGES FOR THIS CHANNEL

SLOFPE AND THE i BIWVEN.

FOR THE aBRG

DMOTTIONS, THE FLOW REGIME IS5 SUFERCRITIOAL TURBULENT

-z 0 45 c5s  reguired



1"’!3LJMI4F\R‘Y OF GENERAL UNIFORM FLOW CALCULATIONS

EEH BEHIORROCKS

CO-0F Mine Undisturbed Area
FROJECT Mo. 8I0G-47

DATE: 4/30/84

CHANNEL 15 TRIANGULAR

SULNVING FOR  SNSEILLCICT T 0, I3 500 e S E

YELODITY DISCHARGE DEFTH MOAMMI NG SLOPE SIDE SLOFES WITDH
tps ots ft. COEFF. ft/+t¢ AR} ft.

551 8.61 .35 . CEEBGO0 « QEHOGO0 1. 00 1.00 O, OO
. FROUDE NUMBER FREYNOLDS NUMBER LIMIT sLOFE CRITICAL DISCHARBES

1,238 A2EIR9.7 « 1AH5DE53EE 0. 00 0 Qo

CRITICAL DEFPTH SESUENT DEFPTH AL TERNATE DEFTH

1.%95 1.%95 155

¢

NGO EXTETING CRITICAL DISCHARGES FOR THIS CHANNEL
AMD THE RAMGE STVEN,

FOR THE ABOVE-LIEST

DY CONDITIONS. THE FLOW REGIME IS5 SUPERCRITICAL TURBULENT

j?-_}’ o é// C£5 )’70/-/—e—<z



.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

!! E HiZ 'F‘F'I’H"F =
MGIMEER
0~ GF Mine Undlﬁturb@d Ares

FROJECT Mo. 8309-472
DATE: 4/30/84

CHANNEL IS TRIANGLI.AR
SOLYTNG FOR  ALETLLTID T 7T ™", 2 N sSseien RS E
VELOCITY DISCHARGE DEFTH MAMNING SLOFE SIDE SLOFES WITDH

fos of s ft. COEFF. ft/+t Z21 ft.

e led 14, 00 1.50 . OEEO0O0 . 50000 1. G0 1.00 O, OO0

‘ FROUDE NUMPER REYNOLDS NMUMBER LIMIT SLOFE CRITICAL DISCHARGED

1.5366 TORAET & . 1&BRISEE (3. O 0. 00

CRITICAL DEFPTH SECLIENT DEFTH L TERMATE DEFTH

STING CRITICAL DISCHARBES FOR THIS OHANNEL

THERE ARE NI FY

SLOPE AND THE

FOR THE AROVE-LISTED CONDITIONS, THE FLOW REGIME IS SGUFERCRITICAL TURBULENT

D-FO /B e3s regires
¢7'ﬁ?£} 0.5 CJgs )%5v£wa¥



‘SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

Il

FBMUP Mlne Undlﬁturbmd ATl V-
FROJECT No. S309--473
DATE: 4/73G/84

CHARNEL IS TRIANGULAR
SULVING FOR SFEILLINET T ™ 4 I = el I S ]

YELDCITY  DISCHARGE — DEPTH MANNT NG SLOFE SIDE SLOFES WITDH
f FE. COEFF. FL/ft Z:1 Ft.

fos e 3

T S5 B QS 000 Q70000 1. 00 1. 00 (I
KRS W hid o ved PR RMCR LR A w L X

' FROUDE NUMBER  REYNOLDS NUMBER  LIMIT SLOPE CRITICAL DISCHARGES

eI O, QO O, D0

(RN

3

"‘C‘

1LWE47 HTF1I4.1 . 1458

CRITICAL DEFTH BEMIENT DERPTH ALTERMATE DEFTH

Ed FL T
o 7 e A

Pral DISCHARBES FOR THIS CHANNEL

FOR THE ABOVE-LIE THE FLOW REGIME 15 SUPERCRITIOAL TURBULERNT

77 -5 0 0.2 5= rei,;,ceL

7’ é U o 2 6—.55 ye ufrbi



‘SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

||

LEJ~—DI~ Mine Undisturbed firea
FROJECT Ho. B8ZO9-43
DATE: 4/30/84

CHANNEL IS TRIANGUL.AR

SOLVING FOR  SAEDLLCIC X Wy I =y e ok o S i

MELOCITY DISCHARGE DEFTH MANNING SLORE SIDE SLOPES WITDH

tps ofs ft. COEFF. ft/+t Z:1

4,38 Ee b W5 « QESBOGO » CEREH00 1.00

ft.

s 0. 00

' FROUDE MUMBER  REYNOLDS NUMBER LIMIT SLOFE CRITICAL DISCHARGES

1.3261 1O7EAZ.E .

U‘»

CRITIOAL DEFTH SEOUENT DEFTH ALTERNATE DEFTH

AP 1.1% 1.1%

SXISTING CR
L RAMGE GIVEN,

FORTHE AROVE~L T

7 -80 2 % cFs "‘g";’e'd

ITICAL DISCHARGBES FUOR THIS CHARNNEL

D CONDITIONES, THE FLOK REGIME IS BUPERCRITIOAL

B v Ty £, Q0 . 00

TURBLULLENT



.SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

e fieer:

G0 QF Mine lndisturbed Area
FROJECT No. 8309-42
DATE: 4/30/84

CHANNEL I8 TRIANGULAR
SOLVING FOR  SPETL OO T 71y, N e e Y SN )

VELOCITY DISCHARGE DEFTH MANMING SLOFE SIDE SLOFES WITDH
fps o ft. COEFF. fh/f% Zed fi.

e 05 2.84 TE w OEEGO0G » DEEQOO 1.00 1.00 Cr, 303

FROUDE NUMBER  REYNDLDS NUMBER  LIMIT SLOFE CRITICAL DISCHARGES

1. A 123955, 8 . 1ESE2SES 0. 00 0. 00

CRITICAL DERTH SEGUENT DEFTH AL TERNATE DEFTH

ARE NO EXTSETING ORI DISCHARGES FOR THIS CHANNEL

THE RA&NGE GIVEN,

FUOR THE ABOVE-LISTED CONDITIONS, THE FLOW REGIME I8 SUPERCRITICAL TURBULENT

- 20 ), B cEs repuire <



‘l’ SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

Eiﬂg HORREOCKES

EMNGIMNEERS

CO-0F Mine Undisturbed Area
FROJECT Neo. B8309--47

DATE: 4/730/84

CHANMEL IS5 TRIANGULAR

SO0LVING FOR O SSETLLCHEN ¥ 77 ™ I N A S R SN R

B

VMELDCITY

o=

DISCHARGE
cfs

DREFTH

1.

MENN ITNG
COEFF.

SLOPE
ft/ft

SIDE SLOFES

Z21

I L0 L OEEGOO L LBOQOC .00 1. 00

. FROLDE NUIMBER REYNOLDS NUMBER LIMIT SLOFE CRITICAL

B0 QRELT .2 . 16582538

S . 1200

CRITICAL DEPTH

ALTERNATE DEFRTH

DISOHARGES FOF THIS CHANNEL

CONDITIONS, THE FLOW REGIME IS

SUFERCRITICAL

/5 <5s reg Jire 4

TURE

WITDH
i

G, D0

GISCHARGES

0L Q0

SLLENT



‘SUMMARY OF GENERAL UNIFORM FLOW CALCULATIONS

;ﬁHﬁQPﬁFF“

g BEC G IMNEERS

CO-0F Mine Undisturbed fArsa
FRI 2T Mo, 8320942

DETEs 4730/684

CHAMNEL TS TRIANGULAR

SOLVING FOR O SSEILL WD X T ™" I NS M o R B e

et

VELOZITY DISCHARGE DEFTH

fows Tt e T

SLOFE SIDE SLOPES WITHH
fh/ 4t A .

W .74 1 G

L L AGOON 1.0 1,00 Cr, 010

' FROUDE MUMBER  REYNOLDS NUMBER  LIMTT CRITICAL DISCHARGES

1. 9780 EEGOEE. 6

. 1 &SR O, OO 0,

CRITIOSL DEFTH

WIENT DEFTH CTERNSTE DEFTH

TLICAL DISUHARE

T FLOW REL

7Y 7, & c5s }’Cﬁu;rcq(



' SUMMARY OF GENERAL

g!ig }4||EWD|;| e

INEERS

0 UF Mlne Lindi sturbed
PRNTFFT No. BERO9-47
DAaTE: 4/30/84

MArea

CHAMNEL 15 TRTANGLILLAR

SCRVING FOR D SNSRI L ",

VELOCITY
fos

2 TESCHARGE
ofs

DEFTH
ft.

fba 31 15,33 150

FREYMOLDS MUMBER

. FREOUDE NUMBER
1

o B7 FEALROLL

CREITICHL DERFTH SEGUERNT DEFPTH

CRIT

ETVERM.

AREOVE-LT

STED CONDITIONS,

72- 3R

THE

UNIFORM FLOW

e F STy FROs e

SLOFE
i+t

MAMNING
COEFFE.

» Q&GO

LIMIT SLOFE

. 1E5HBE5EE
-L i“ L':.‘P WD

ALTERNATE DERPTH

TAL

FLOW REGIME IS

/0/4555

JO. 2 c5S

TH

BUPERCRITICAL

CALCULATIONS

WITDH

SIDE SLOFES
21
el

1.00 1w 3, 00

DISUHARGED

CRITICAL

0, 00 Cr, Q3

15 DHANMEIL

TUREBLULENT

/ﬁfﬁu;kﬁiz

)’Cg u/’fﬁd
I"Z?u&f‘§z





