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.--.SCSOLDIER CREEK COAL CO.

January

Telephone (801) 637-6360

I ,  1 9 9 1

Daron R. Haddock
Perrnit Supervisor
Divis ion of  o i l ,  Gas & Mining

JAi ' l  t i$ 1931

l.':rl,*vr1r'ft gP

Sll-, GAS & Mtf'llruG
355 North West Tenrple
3 Tr iad Center ,  Sui te  3.50
Sa l t  Lake  C i t y ,  UT  84180-1203

RE: Permi t  Revis ion Package,  Sur face Faci l i t ies Expansion
Soldier Canyon Mine, Carbon County, Utah
ACT /  007 /018

Dear Daron:

Soldier Creek CoaI Company (Applicant) submits herewith a revision
to the approved perrnit for Soldier Canyon Mine (SCM). The
Applicant proposes to increase the bonded area at SCM frorn 32.2
acres to  37.8 acres.  This  rev is ion package wi l f  incbrporate the
two previous perrnit amendments and provide the Applicant with the
extra area needed to expand the faci l i t ies and realign the county
road.  This  rev is ion package descr i -bes the fac i l i t ies that  wi l l  be
added to SCM, the realignment of the county road, the" operqtions of
sa id fac i l i t ies,  and rec lamat ion procedures that  sha1I 'occur  dur ing
f  ina l /permanent  rec lamat ion.

The Appl icant  is  p lanning to  s tar t  the road.  re locat ion in  ear ly
March of  1991 and there af ter ,  begin rv i th  the construct ion of  the
fac i l i t ies.  hre request  the Div is ion favorably  rev iew the enclosed
rev is ion and issue an approval  o f  the Sur face Faci l i t ies Expansion
at  the Div is ions ear l iest  convenience.

f f  you have any quest ions concern ing th is  rev is ion,  p lease contact
me .

Sincere ly ,

SOLDIER CREEK COAL CO}JIPANY
4 ./ ,/)

44*rfrr
, /" 

/

J:ohnny Pappns
Environmentai Coordinator

JP lsm

Enclosures

P.O. Box I



Number

P a r t  1 0 . O

Permit Revision - surface

County Road Relocation

Soldier Canyon Mine Permit Application
Package Volume 8

Table of Contents

T i t l e

Faci l i t ies Expansion and

Volume

I

I

8

I

8

I

8

I

B

8

Page

1

3

t2

2 2

2 6

2 9

3 2

3 3

3 4

1 0 .  1

L O . 2

1 0 .  3

1 0 . 4

10 .  s
1 0 .  5

1 0 .  7

1 0 .  I

1 0 . 9

1 0 .  1 0

Int roduct ion,  Legal ,  F inancia l  and Related

Information

Operation PIan

Reclamation PIan

Engineering Designs

Hydrology

So i l e

Vegetation

wi ld l i fe

C1imate,  Ai r  Qual i ty ,  Cul tura l  Resources

and Land Use

Exhib i ts



I l lugtration (Appendix G)
10'1'7-1 Questar Pipeline company/Mountain Fuel supply company Agreement
LO.L.7-2 Stream Al terat ion permi t

10.2.1-1 BLM Right-of -Way permi t

tO.2.I-2 Carbon County Road Relocation Approval
10.2.1-3 Carbon County Road Relocat ion Approval
1O.2.2-L 1989 New Surface Faci l i t ies permi t  Approval
70.2.2-2 Stream Culvert Extension permit Approval
10.2.6-1 Underground Devel_opment  Analyses
LO.2.6-2 Overburden and Underburden Analysee
10 .2 .12 -1  Topso i l  Th i cknege  Su rvey
10.2.14-1 Stream Channel  Soi l  Analyses
lO.2. l4-2 Yard Expaneion Soi l  Analyses
10 .6 .3 -1  SCS -  So i I  Typee  and  Maps
10 .6 .3 -2  scs  -  So i I  Type

10-6.5-1 Pipel ine Road #3 and p iper ine s lope #4 soi rs  Analyees
Lo -6 .5 -2  und i s tu rbed  so i l s  1 -1  and  1 -2  so i l s  Ana ryses
10 .6 .5 -3  Und i s tu rbed  So i l  2 -L  and  2 -2  So i l s  Ana l yses
10 .6 .5 -4  F ie ld  No tes  f o r  #3  and  #4  So i l s
10 .6 .5 -5  F ie ld  No tes  f o r  1 -1  and  1 -2  So i l s
10 .6 .5 -6  F ie ld  No tes  f o r  2 - ] -  and  2 -2  So i l s
10 .7 .L -1  Po r ta l  Vege ta t i on

lO.7. l -2 Road Relocat ion Vegetat ion
10 .8 .2 -1  W i l d l_ i f e  M i t i ga t i on  p lan

lo.a-2-2 proof  of  par t ic ipat ion in  wird l i fe  Mi t igat ion
10.9.1-1 Ai r  eual i ty  Approval  Order



Par t  1O .O

PERMTT REVISION - SURFACE FACILITIES EXPANSION AND COUNTY ROAD RELOCATION

1 0 .  1

1 0 .  1 .  1

INTRODUCTION, LEGAL, FINANCIAI AND RELATED INFORMATION {R6].4-3O1-],OO}

TNTRODUCTTON {R614-301-111}

Soldier Creek Coal Company (Applicant) is planning to upgrade and expand the
sur face fac i l i t ies at  Sold ier  Canyon Mine (SCM) dur ing the 1991 calendar year .
The expansion proposed by Soldier Creek Coal Company (sc3) wil l provide the
needed facil i t iee and Epace to accommodate an increase in coal production and
preparation for up to 3.5 mill ion tons per year. The planned surface expansions
are shown on Exhib i t  10.L.1-1 and inc lude the fo lJ-owing:

1. Portals into the Rock Canyon Seam
2. 4th North #1 bel t ,  t ransfer  house and crueher
3.  Si Io conveyor bel t
4.  2-6000 ton concrete s i los
5. Reclaim tunnel and vibrating feeders
6.  Recla im bel t
7.  Coal  preparat ion p lant
8.  Coal  t ruck b in bel t
9.  Refuse t ruck b in bel t
10.  Coal-  t ruck b in fac i l i t ies
11 .  Re fuse  t ruck  b in  f ac i l i t i es
12.  Thickener
13.  Coal  ground storage
L4.  Stream culver t
15.  Substat ion 46 Kv
15.  Power poles
L7.  Drainage contro l
18.  Access roads
19. County road realignment at mine site for approximately 1235 feet
20. Miscellaneous support equipment

SCM's surface expansion and road relocation wil l reguire the Applicant to disturb
approximately 5.40 acres, including the two previoue incidental boundary changes'
within the Applicant's permit area.

10.1.2 EFFECTS ON THE ENVIRONMENT

The effects on the environment due to the surface expansion wil l be identical to
those listed in Section L.2 of the approved permit for SCM, except that the
stream channel of Soldier Creek wil l be altered by the placement of a culvert in
Soldier Creek's natural channel and the county road wil l be realigned.

Adverse effects on the original environment, because of these changes and the
remainder of the expansion, wil l be kept to a minimum through careful planning
and adherence to the permit revision and the approved permit for SCM. The
Applicant wil l strive to maintain the new surface expansion facil i t ies in the
same clean and environmental sound conditions, as they now maintain their
constructed f  ac i l i t ies.

10.1.3 ORGANTZATTON OF pERMrr REVTSTON tR514-303-223\

This permit revision is organized to present the planned surface expansion in a
clear and precise format that demonstrates compliance with the permanent
regulatory program of oSM and DOGM. The permit revision has been written for
direct insertion into the approved permit for SCM - AcT/007 /OI8.

SC3 Revised 06/07 /91
suRFEX lo .0 /



10.1.4 VERIFTCATTON OF APPLTCATTON {R614-3O1-123}

See Sect ion 2.1,  page 2-L of  the approved MRP.

10.1.5 TDENTTFTCATTON OF TNTEREST {R614-3O1-112}

See Section 2.2, pagee 2-1 through 2-14 of the approved MRP.

10.1.6 COMPLTANCE TNFORMATTON {R514-3O1-113}

See Sect ion 2.3,  pages 2-15 through 2-15a of  the approved MRP.

10.1.7 RrGHT OF ENTRY AND OPERATTON tR614-3O1-114)

The Applicant bases ite right to enter and continue underground mining
operatione, including the new surface expaneions, on the documents l isted in
Section 2.4, and an agreement with Questar Pipeline Company/Mountain Fuel Supply
Company (  I l luet rat ion 10.  1.  7-1 ) ,  B.  L.M. Right-of -way Permi t  (  I l lust rat ion 10.  2 .  1-
1 ) ,  S t ream A l te ra t i on  Pe rm i t  ( I l l us t ra t i on  10 . ! . 7 -2 ) ,  B .L . l . { .  Cu l ve r t  I ns ta l l a t i on
Approval  ( I l luet rat i -on 10.1.7-3)  and two approvals f rom Carbon County
( I l l u s t r a t i o n e  1 0 . 2 . 1 - 2  a n d  I O . 2 . 1 - 3 ) .

10.1.8 AREAS DESTGNATED UNSUTTABLE FOR MTNTNG {R614-301-115}

See Sect ion 2.5,  page 2-28 of  the approved MRP.

10 .1 .9  pERMr r  TERM tR614-3O1-115 )

See Sect ion 2-6,  pages 2-29 t l t . rough 2-3O of  the approved MRP.

10.1.  10 TNSURANCE tR614-3O1-717] .

See Sect ion 2.7,  pagea 2-31 through 2-33a of  the approved MRP.

10.1.11 OTHER LTCENSES AND PERMTTS {R514-300-113}

See Sect ion 2.8,  pages 2-34 through 2-36 of  the approved MRP.

10.1.12 BONDTNG TNFORMATTON {R514-301-8OO}

See Sect ion 1O.3 of  th is  document .

10.1.13 LOCATTON AND FTLTNG APPLTCATTON tR614-300-121.2O0)

Thig Permit Revigion Package, when fi led with the Division of Oil, Gas & Mining,
355 Weet  North Temple,  3 Tr iad Center ,  Sui te 350,  SaI t  Lake Ci ty ,  Utah 84180-
1203, wil l eimultaneously be fi led with the Carbon County Records Office, Carbon
County Courthouse,  Pr ice,  Utah 84501.

10.1.14 PROOF OF PUBLTCATTON {R614-3O1-t t7.2OO}

The following is a copy of the newspaper advertisement which wiII be published
in a local newspaper of general- circulation in the Iocality of the permit area
once a week for  four  consecut ive weeks.  Proof  of  Publ icat ion wi l l  be f i led wi th
the Div is ion wi th in four  weeks af ter  the date of  publ icat ion.

10. 1. 15 CORRESPONDENCE

Also  see  Sec t i on  2 .12 ,  pages  2 -59  th rough  2 -225 .

SC3  Rev i sed  06 /07  /91
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LO.2 OPERATTON PLAN {R514-301-52O}

Soldier Creek Coal Company's (SC3) new surface facil i t ies expangion and road
relocation wil l provide the needed facil i t ies and apace to accommodate an
increase in coal production and preparation for up to 3.5 mill ion tons/year. The
anticipated total area of eurface dieturbance for the facil i ty expaneion and road
relocation wil l be approximately 5.4 acres, including previously approved
incidental boundary changes. The Applicant hae increased the disturbed area
boundary at  the mine g i ie  f rom 1O.O3 acreg to 18.5 acres (Exhib i t  5 . r . -2)  '  to
accommodate the anticipated disturbance and any unanticipated disturbance
associated with field fitt ing of the facil i t ies. In any event, all unanticipated
disturbances wil l abide by the R514 Coal l{ ining Rules. Perimeter markers wil l
be used to designate the d is turbed area boundary (Exhib i t  5 .1. -21.  Bonding for
the fac i l i t ies expansion and road re locat ion is  d iscussed in Sect ion 10.3

] -O.2.1 PUBLTC AND LANDOWNER PROTECTTON {R614-301-s21.133}

lleasures have been taken by the Applicant to ensure the protection of the
landowner and public. The BLM (landowner) has reviewed the road relocation
project and has isgued the Applicant the neces€tary right-of-way permit
( I l lust rat ion 1O.2.1-1) .  Carbon County has a lso rev iewed the road re locat ion
p ro jec t  and  has  g i ven  the i r  app rova l  ( f l l us t ra t i on  10 .2 .L -2  and  3 ) .

The facil i t ies and yard expansion wil l be fenced for security purposes and access
to the expansions wi l l  be contro l led by roadside gates (Exhib i t  10.1, .1-1) .  The
fence wi l l  be constructed in  a s imi lar  fashion ag the ex is t ing fence.  The
conveyor structure leaving the ROM transfer houee wil l cross the county road
totally enclosed, via a tube, and have a 58 foot clearance between it and the
county road.

The Applicant wil l eupport and maintain all of the additional surface access
openings to the underground operations, and secure aI1 of the additional surface
facil i t ies associated with the opening during temporary cessation of operations.
Notice wil l be given to the regulatory authority of any temporary cessation of
operation that wil l last for a period of thirty days or more- Any permanent
cessation of operations of scM will init iate the final reclamation of the
affected lands as reguired by the regulations.

The Applicant wil l notify DOGM of any slide occurring within the permit area that
may have a potential adverse effect on public, property, health, safety or the
environment. AJ.so, the Applicant wil l comply with all remedial mea€tureE by DOGI{.

t o .2 .2  MrNE FACTLTTTES {R514-301 -526 }

Mine structures, facil i t ies and relocation of the county road, aesociated with
the planned surface facil i t ies expansion, that wil l be used to facil i tate
underground coal mining activit iee are situated on federally owned property. All
p lanned fac i l i t ies are shown on Exhib i t  10.1.1-1,  except  for  the present  conveyor
which wil l be removed, once the new facil i t ies are operational.

As depicted on Exhib i t  10.1.1-1,  the sur face fac i l i t ies wiL l  encroach upon the
county road and Soldier Creek. fn order to minimize the impact on the vtater
quality, degradation of stream channel and facil i tate the road relocation, the
applicant hae installed approximately 885 feet of culvert. The eteam culvert was
installed following DOGM's approval of two previouely submitted permit amendments
( I l l u s t r a t i o n  1 0 . 2 . 2 - l  a n d  1 0 . 2 . 2 - 2 ) .  A s  g t a t e d  i n  S e c t i o n  1 0 . 2 . 1 ,  t h e  r o a d
relocation has been approved by the BLM and Carbon County and construction
activit ies wil l begin as €ioon as the Applicant receives approval from the
D iv i s i on .

SC3  Rev ieed  06 /07  /97
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All of the facitit iee constructed as a reeult of the surface expansions wil l be
designed for ' the. . l i fe- 'o f  the operat ion.  The Appl icant  p lans to uge a l l
facilities for the normal operation of SC!,! and wiLl repair or replace the
facilitiee with items of similar performance standardg throughout the life of the
operation. The structures that wil-t be constructed will meet the performance
standards and will provide adequate compliance eo that no significant harm to the
environment, public health or safety wil l regult from the uge of the gtructures.

10.2.3 SUPPORT FACTLTTTES tR514-301-526.22OI

All support facilitiee incident to the operation of Soldier Canyon Xine wiII
operate in accordance with a permit iesued for the mine. support facilities will-
be located, maintained, and used in a manner that prevents or control-s eroeion
and siltation, water pollution, and damage to public or private property; and to
the extent possible using the beet technoJ-ogy currently available minimizes
additional damage to fish, wildlife and related environmental valuesl and
minimizes additional contributions of suspended solids to stream flow or runoff
outgide the permit area. Any such contributions will not be in excest€t of
limitatione of Utah or Federal law through adequate design and operation of
appropriate water pollution control faciLit ies.

A step-by-step progression through the coal conveyance facil i t ies, potential
waste material and water dischargeg ig ghown on figure 10.2.3-1.

1.0 Liquid discharqes from the facil i tv durinq normal operations and maintenance
operations are digcussed below.

1.1 Washdown Effluent from the Covered Portion of the #1 Raw CoaI Transfer
Convevor

This wil l be routine maintenance operation to take care of any coal spil lage that
remains after the material has been shovel cl-eaned. The effluent wil l be
collected in a catch pan fitted with a Ll2" aperture screen. +I/2" materiaL wil l
be shovel cleaned off the screen. Material and water paseing through the screen
will be directed to the yard drainage collection ditch below. Hose output would
b e 3 5 t o 5 0 g a l l o n s p e r m i n u t e . .  r  L ' A  i ^ -

=i 1* Dw'f J !t *. '+*{ tt" I {}{} ,

L.2 Washdown Effluent from the Silo Reclaim Area Includinq the Convevor
Extension

This wil l be a routine maintenance operation for coal spil lage in the area that
remains after shovel cJ-eaning. The hose water and coal will be washed down to
a collection sump at the rate of 35 to 5O gallons per minute. The collection
eump will be fitted with a Ll2" apertule screen. PJlus Lf2" material wil l be
ghovel cleaned off the screen. Material and water passing through the ecreen
will be pumped via units (111A) and {11.18) into the yard drainage collection
ditch adjacent to the gilo. Each pump is capable of 75 gallons per minute and
only one pump should be operated at one time. Pump start-up and shut-down is
controlled by high and low level f loat controls.

Any silo pad drainage water that may pase through the reclaim hopper together
with any water drainage from the silo contents wiII also eventually end up in the
col lect ion sumps.

1.3 Ef f luents f rom the Coal  Preparat ion P1ant

There ghould be no diechargeg from the plant during normal operatione ae it uses
a c losed loop concept .

During coal washing operations the plant reguires an addition of water to make-up
for the losses contained in the moigture added to the refuse and cleaned coal

SC3 Revised A6/O7/97
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product. These losseg are in the order of 19 gallons per minute.

All water used inside the plant is reclaimed and recycled. Waghdown water used
both during washing houre and non-washing houre is aleo reclaimed.

Unless there ig a simultaneous failure of both cJ-ean-up sump pumps in the plant,
all l- iguidg contained within the plant that pasa onto the ground floor wil l pase
to either the fine coal (j ig1 eump or in an emergency situation to the sediment
pond via the yard area ditch.

In the event that a surplus of water exiets in the plant due to operator error,
the floor clean-up Eump€r are fitted with manually operated, valve by-pase pipee
delivering the water to the sediment pond via the drainage ditch.

1.4 Drainaoe f rom Loadout  Bins

Depending upon the length of t ime that the material is etored in the
specification coal and refuse bins, there may be eome drain down of the surface
moigture.

Thie water wil l pass via the yard area into the drainage ditches. Extra
dewatering capacity has been included in the preparation plant in the refuse
ci rcui t  to  min imize th is  problem.

2.O Liouid Discharoes f rom the Faci l i tv  Dur ino Maintenance oDerat ions

other than the preparation plant, there should be no additionat l iguid discharges
from the rest  of  the fac i l i t ies that  are not  descr ibed in Sect ion 1.O.

2.L Preparat ion Plant

Most maintenance eituationsr can be handled without any outeide discharges of
l igu ids.

There are, however, three major l iguid storage vessels forrning part of the
preparation plant that may affect this:

1.  The f ine coal  ( j iS)  sump which conta ins approximately  43,O0O gal lons
maximum

2. The c l -ar i f ied water  sump conta in ing 9r3OO gal lons.
3.  The th ickener conta in ing approximately  9O,00O gal lons.

The thickener and the fine coal sump contain a mixture of water and fine coal
(minus 100 megh and O.75 mm reepectively) during normal. waehing operations.

The fine coal sump is fitted with high and low level drain connections,
discharging to the floor. In the event that too much water r^rae allowed to
accumulate in that circuit due to operator error, the high level drain could be
ut i l ized to dra in of f  excess l iqu id.  I f  th is  was done dur ing operat ions,  the
liguid would contain fine coal. During shut down periods the fiquid wouid be
"c lear" .  The dra inage would pass v ia the f loor  co l lect ion sump pump to e i ther
the fine coal sump for solids recovery or directly to the sediment pond via ditch
i f  the l igu id was "c lear" .  The above scenar io would a lso apply i f  ever  the
entire sump had to be drained in which case every effort would be made to recover
the gol ids por t ion of  the contents v ia the cyc lone and d isc f i l ter  c i rcu i t .

I t  should be noted that  dur ing normal  operat ions,  the j iS i tge l f  reta ins
approximately  27,OOO gal lone of  the aump contents.  This amount  wi l l  a lways
remain in  the j ig  unless i t  is  physical ly  dra ined.

SC3 Revised 06/O7 /91
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The jig would require draining to perform certain maintenance operations. The
water would pase into the fine coal sump and any overflow of the eump would be
deal t  wi th as descr ibed ear l ier .

The clarif ied water €rump is fitt ing with a low level drain that discharges onto
the floor. The water would then paee into the floor collection Eump pump for
diepoeal to either the fine coal eump or gediment pond as described earlier.

The thickener ie fitted with a variety of devicee to ensure efficient operation
and maintenance facil i t ies. It hag high and low level draing each piped to the
yard area drainage ditch. The thickened eludge from the bottom diecharge cone
is extracted via dual outlet pipee and pumpe (1 operating, 1 standby). Each pipe
and pump system is eguipped with high pressure water connectiong for preventative
flushing to ensure optimum working conditiong after shutdown.

The thickener tank hae eludge level sensing device which telle the operator
exactly where the separation is between the thickened sludge and clarif ied water.

For a planned thickener drain down (i.e. with all ancil lary equipment working)
the thickened eludge would be evacuated via the underflow pumpe and recovered via
the disc fi l ter. The remaining "clear" water would then be drained via the ditch
to the sediment pond. On a eludge worst case baeis, approximately half the
thickener contents could be sludge, Ieaving approximately 45,O0O galJ-ons of
"c lear"  water  to be d i rected to the pond.

For a worst case unplanned emergency thickener drain down (i.e. no thickener rake
rotat ion avai labi l i ty) ,  the fo l lowing is  one poseib le procedure.

1.  Remove as much e ludge as possib le v ia the underfLow pumps,  d isc f i l ter ,
e t c .

2.  Drain the f ine coal  sump (recover ing any sol ids)  d iechargt inq "c lear"
l iguid to the pond.

3. Use the high level drain on the thickener to discharge the "clear"
l iguid to the pond.

4. Bring in the external sludge pump and transfer material to the fine
coal sump.

5.  Repair / re- instate th ickener
5. Pump transfer f ine coal sump sludge back to thickener.

3.0 Ant ic ipated Overs ize and Unders ize Waste Mater ia l

There is only one size of waste material produced by the preparation plant which
is not added to the specification coal conveyor, this ig the refuse product. The
typical amount ie shown on the floweheet. Thie wil l vary depending on the raw
coal guality.

LO.2.4 TRANSPORTATTON FACTLTTTES tR614-3O1-527.1OO)

The gurface expan€tion wil l involve the rel-ocation of the county road and the
establighment of two primary roads. The county road wil l be constructed
according to the County and BLM specifications. As ehown by the County and BLM
approvale, the road satisfies their requiremente. Although the County wil l
operate and maintain the ne\rr road, the Applicant wil l maintain reclamation
liabil ity for the area throughout the bond liabil i ty period.

The two primary roads wil l be constructed and maintained according to the
regulatione. The primary road leading into the yard wil l split in order to
access the haulage fac i l i t ies.  The other  pr imary road wi l l  accesE the new
por ta l s .  Exh ib i t  10 .1 .1 -1  and  f i gu re  10 .4 .2 -1  showthe  new loca t i ono f  t he  roads
and typical design. As-built drawings and certif ication of the primary roads
will be gubmitted upon completion of construction of the new operations.

SC3 Revised A6/O7 /9I
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1O.2.5 TRANSPORTATTON rACrLrrrES {R614-3O1,-527.2O0}

As shown on Exhib i t  10.1.1-1,  the coal  haulage,  s torage,  preparat ion and loadout
facil i t ies wil l be lmproved to accommodate any projected increase in coal
product ion up to 3.5 mi l l ion tons per  year .  The f low sheet  (F igure IO.2.3-1) ,
shows the flow of coal exiting the mine, via the 4th North conveyor, and the
step-by-step progression through the coal conveyance eystem. Two ground storage
stockpi l ing locat ions wi l l  be used in connect ion wi th the fac i l i ty  expansion
(Exh ib i t  10 .1 .1 -1 ) .  one ,  i s  l oca ted  ad jacen t  t o  t he  coa l  s i l os  and  w i l l  occu r
as a result of overspil lage from #2 coal silo. The other ground storage is
adjacent to the existing loadout bin and present coal- stockpil ing area. The coal
stockpi l ing capaci t ies wi l l  be approximately  3O0O tons and 10,0O0 tons,
respect ive ly .

When the new facil i t ies are operational, the present conveyor structure wil l no
longer be used and eventually removed. The portion of the exigting conveyor that
conveys coal to the loadout bin wil l remain and may eventually be used to provide
the operation with the facil i ty to etockpile the approximate 10rOOO tons of coal
ground storage adjacent to the loadout bins.

10.2.6 HANDLING AND DISPOSAL OF COAL, OVERBURDEN, EXCESS SPOIL, AND COAI MINE
wAsTE tR614-301-s28\

During the construction of the facil i t ies and further development of the new
portals, excavated and underground development material wil l be generated. The
Applicant wil l temporarily store this material on site unti l the material can be
ut i l ized in  the construct ion of  pads and roads for  the fac i l i t ies.  AI I
underground development waste wil l be placed around the coal silos and properly
shown on the soil recovery and reclamation map. During the backfi l l ing of the
culvert extension, underground development material was placed at least 8 feet
up from the bottom of the culvert to minimize any chance of saturation. The
mater ia l  was analyzed ( I l lust rat ion 1O.2.6-1- l  and approved by the Div is ion for
use as backf i l l .  This  too,  wi l l  be shown on the soi l  recovery map and used for
backfi l l ing of the higrhwalls during reclamation. A11 underground development
materials used in backfi l l ing and grading operations during construction of the
new fac i l i t ies wi l l  be accounted for  in  the rec lamat ion p lan.

The Applicant is presently gathering baseline information and developing designs
for a permanent refuse disposal site. The Permit Revision Package for the refuse
disposal site is forthcoming and the Applicant is hopeful to have the Division's
approval for its construction and use during October 1991. In the event that
weather conditions do not allow this site to be constructed by the time the
preparation plant is operational or disposal of underground development waste is
necessary, the Applicant would appreciate the cooperation of the Division to
allow the temporary stockpil ing of coal processing and underground devel-opment
waste at the mine site, in a location that would begt facil i tate the needs of the
operation. Alt runoff from the temporary stockpil ing wil l report to a sediment
pond and any j-nterim sampling, according to the regulations, wil l be conducted
for acid-toxic forming material. In the event that acid and toxic materials are
identif ied, the storage burial or treatment practices wil l be consistent with
other  mater ia l  handl ing and d isposal  prov is ions of  the R614 ru les.

Overburden material that wil l be used for pad and other construction at the mine
site were sampled for possible toxic contaminants. Representative samples of the
overburden and underburden were taken from a previously completed portal
explorat ion cut .  In i t ia l  samples were taken on 5/8/89 wi th eubseguent  resampl ing
completed on 9/30/a9.  Respect ive analys is  sheets are presented ae I l lust rat ion
70.2.6-2.  (Note:  the second analys is  was requested by DOGM due to unusual ly  low
values or ig inal ly  determined for  neutra l izat ion are ac id potent ia l .  Addi t ional
deta i l  on t  su l fur  and t  ca lc ium carbonate were a lso requested) .
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Based on the

Parameter

9/3O/89 sample analys is ,  the fo l lowing values have been determined.

To ta l  Su l f u r  ae  S , t
Calcium Carbonate as CaCOr,t
Acid Potential*
Neutra l izat ion Potent ia l*
Acid Base Potent ia l*

*Reported as Tone CaCOr/1OOO Tons

LO.2.7 NONCoAL WASTE {R614-3O1-528.33O}

AII noncoal waste wil l be handled ag etated within our approved permit for SCM.

1O.2.8 BLASTTNG AND EXPLOST1rES tR614-3OL-524|

The Applicant wil l comply with all state and federal lawe in the use of
explosives during the construction of the surface expansion at scM. A certif ied
blaster  wi l l  d i rect  a l l  b last ing operat ions wi th the help of  at  least  one other
person. The Applicant wil l make sure that all contractore working on the project
are made avrare of the blasting proceduree. A11 blaeting records wil l be kept on
fi le at SCM for the required period of t ime.

1O.2.9 METHODS FOR REUOVING AND STORTNG TOPSOTL {R514-301-231.100}

The following is a l ist of eguipment to be used for removaL of vegetation,
bouldere and topsoil and for loading the topsoil, substitute topsoil and
landscape boulders /riprap.

1. Track Hydraulic Excavator
2.  966 Wheel  Loader
3 .  D8  Doze r
4.  953 Track Loader
5. t2 yd3 Dump Trucks

The safest and most efficient means of performing this operation wiLl be used to
ensure the safety of the eguipment operators. Topsoil wil l be loaded into the
dump trucke and hauled to the Applicant's topsoil storage site. Subetitute
topsoil wil l be sorted and hauled to the topsoil site and placed in its
designated location at the topsoil gite. Landscape boulders/riprap wil-l also be
hauled and placed in ite designated location at the topsoil storage site.

10.2.10 TESTING PLAN FOR EVALUATING TOPSOIL HANDLING AND RECLAMATION PROCEDURES
{R514-301 -23  1 .  3OO }

The eoi l  wi l l  be sampled pr ior  to  redis t r ibut ing as per  sect ions 5.5.3 and 5.5.4
of the approved MRP. Sampling techniques are described in detail in these
sections. SoiI nutrients and amendmentg wil l be added baeed on these tests.

10.2.11 NARRATTVE DESCRTPTTON OF ?ItE CONSTRUCTTON, MODTFTCATTON AND MATNTENANCE
oF TOPSOIL STORAGE AND HANDLING AREAS {R614-301-231.400}

The Appl icant  has received the Div is ion 'g approval  on thei r  PRP to construct  a
Topsoi l  Storage s i te .  The Appl icant  wi l l  construct  the storage s i te  and p lace
al l  topsoi l ,  subst i tu te topsoi l  and a designated amount  of  landscape
boulders/ r iprap.  Af ter  p lacement ,  the mater ia l  wi l l  be protected according to
the R614 regulations a€r stated in the approved permit revigion.
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to.2.l2 Topsorl AND suBsorl REMoVAL (R614-301-232I

The stripping depths and quantity of topsoiL to be removed prior to any gurface
disturbances assrociated with the facil i t ies expansion and road relocation was
determined by EarthFax Engineer ing ( I l lust rat ion 10.2.L2- l ) .  Three areag of
potential dieturbance (Area 1, Area 2, Area 3) that may arise, as a result of
sight-fitt ing the facil i t ie€r were also evaluated for their topsoil recovery
potent ia l .

A summary of the topsoil and substitute topsoil yardage previously salvaged, to
be salvaged and possibly salvaged are shown below.

FROM PRESENT LOCATION YARDAGE

Steam Culvert
Extension (eubst i tu te)

North of storage yard 4oo0 yd3

Topsoil removed during
in i t ia l  cu lver t
insta l la t ion

Topsoi l  P i le-east  s ide of  Sold ier  Creek 650 vd3

Streambank/Ridge
Zone 1
Zone 2

South of #2 Fan-east of culvert extension 42O yd3
25O yd3

In-s i tu  soi ls  below &
adjacent  to Topsoi l
p i l e

East side of Soldier creek-side sJ-ope 142O yd3

Area 1-Topsoil from
potential disturbance
( 0 . 3 5  A c )

West and North of storage yard 735  yd3*

Area 2-Topeoil from
potential disturbance
( O . 0 9  A c r e s )

Weet of atorage yard 175 Yd3' t

Area 3-Potential
d is turbance for  g i los
and pad construction
( O . 1 6  A c )

North of storage yard 335 Yd3' t

TOTAL 8005 yd3

TOTAL excluding
potential digturbances
(A reas  1 ,  2  and  3 )

675O yd3

*Note: of the total acreage within each area, topsoll wil l only be salvaged where
the disturbance wil l occur. Therefore, the topsoil quantity may be much less.
The quantit ies ehown are a worst case, assuming the total area is disturbed.
When the fac i l i t ie€t  are conetructed,  the actual  areae of  d is turbance wi l l  be
shown and the actual quantity of topsoil salvaged calculated.

The total- disturbance, including two previous incidental boundary changes and the
potent ia l  areas of  d is turbance is  5.4 acree.  The fo l lowing char t  g ives a break
down of the total acreage requiring topsoil redistribution.
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Descr ipt ion Area Acres Yardage - 1 foot
Repla6ement depth

Total dieturbance
Does not need topsoil replacement
Doea not need topsoil replacement
Does not need topeoil replacement

Pipeline Road
County Road
Stream Channel

6 . 4 0
o .  s6
o .  83
2 .25

Total Acreage Requiring Topeoil 2 . 7  6 4453 yd3

Potential Limite of Digturbance
PotentiaL Limitg of Disturbance
Potential Limits of Disturbance

Area 1
Area 2
Area 3

o .  3 5
o .  0 9
o .  1 6

Total Area Requiring Topsoil
if Area 1, Area 2 and Area 3 are
not disturbed

2 . L 6 3485 yd3

Using the 2.16 acres as the area in  need of  topsoi l  redis t r ibut ion at  a depth of
1 foot ,  3485 yd3e of  topsoiL wi l l  need to be stockpi led for  rec lamat ion.  I f  a l l
the potent ia l  areas of  d is turbance are d is turbed (worst  case) ,  then 4453 yd3s of
topeoi l  wi l l  need to be stockpi led.

As can be seen from the two charts, the Applicant wil l stockpile more than enough
topsoil and eubetitute topsoil to adeguately reclaim any permitted disturbances,
as a regul t  o f  the fac i l i t ies expansion and road re locat ion.  The remain ing
topsoil material wiII be used in reclaiming pre-SMcRA disturbances (Exhibit
10.3.6-21,  where topsoi l  was not  sa lvaged.  Placement  of  th is  mater ia l  wi l l  be
determined during the permit renewal of the Soldier Canyon Mine Permit.

During the road relocation, an excess amount of cut material may be generated.
Much of this material wil l be used for grading purposes to achieve the proper
elevat ions for  the fac i l i t ieg.  I f  there is  an excess af ter  s i te  grading is
completed, the Applicant wil l take soil eamples to determine the excess material
suitable for substitute topsoil. If the analyses determine the excess material
as euitable, then the Applicant would, upon Docl{'s approval, haul this material
to the topsoil storage site for proper placement and protection. This material,
the amount to be determined at that t ime, wiII also be used for reclamation of
pre-SMCRA disturbances.

10.2.13 TOPSOTL SUBSTTTUTES AND SUPPLEMENTS {R514-301-233 & 233.100}

The subetitute topsoil material gained from the etream culvert extengion (Approx.
4000 yd3s)  wi l l  be stored at  the Appl icant 'e  topsoi l  s torage g i te.  There iCwi l l
be stockpiled separately from the topsoil and revegetated with an interim eeed
mix. By placing the soil material in euch a manner, it can be demonstrated to
the Divieion that the resulting soil medium is equal to, or more euitable for,
sustaining vegetation on non-prime farmland areas than the existing topsoil, and
results in a soil medium that is the best available in the permit area to support
revegetation.

LO.2. l4  ANALYSIS OF TOPSOIL SUBSTTTUTES {R614-301-233.200}

Two composite eamples were taken from the stream channel excavation material on
2 /26 /9 I  ( I l l us t ra t i on  10 .2 . ) . 4 -L r .  The  resu l t s  con f i rm  tha t  t h i s  so i l  has  a  sandy
load texture,  a low EC ( less than 4.0 mmhos/cm),  equaL proport , ions of  ca lc ium and
magnesium and an SAR valve between 7 and 10. Both samples are suitable for
substitute topsoil material once the 1-0-12 inch rock fragments or greater si,ze
are reduced to onlv  1Ot.
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To ensure that the material contains only 1Ot rock fragmente of the 1O-12 inch
or greater s:-ze, the Applicant wiII sort the material and remove the roeks and
boulders lO-12 inch or greater sLze.

AII other soils previouely sampled for use as substitute topsoil can no longer
be coneidered for euch uee, becauge the eoile have been used as backfi l l  around
the init ial stream culvert. The placement of the eoilg as backfi l l  negatee their
potential for substitute topeoil because of excegsive compaction and degradation
of the material. The placement of the portal bench/portal elope (Il luetration
10.5.5-1)  a long wi th the yard expansion mater ia l -  ( I l lust rat ion 1O.2.L4-21 as
backfi l l  around the culvert wag done after the Division's approval. Al1 material
ueed as backfi l l  wil l be removed during the stream culvert removal and used as
backfi l l  againet the highwalls during reclamation.

10.2.15 TOPSOTL STORAGE {R514-301-234}

The Applicant hag submitted and received Divieion approval to congtruct a Topsoil
Storage Si te (Volume 9) .  ?he g i te wi l l  fac i l i ta te the storage of  topsoi l ,
subgtitute topsoil and landecape boulders/riprap, and be conetructed and
maintained according to the R614 regulatJ-ons.
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10.3 RECLAI4ATTON PLAN {R614-3O1-24O, 34O, 4t2,  54O AND 75O}

The reclamation plan for the surface facil i t ies expansion at SCl.t wiII correepond
to the plan as stated in Part 5.O of the approved permit, A01I/OO1/OI9' site
specific information for the reclamation of the surface expansion wil l be l isted
wi th in th is  eect ion.

10 .3 .1  pos rMrNrNc  LAND USE {R614-301 -413 .LOO,  723 ,  542 .5OO,  242 .LOO AND 341 }

Specific information on land use is detailed in Section 3.12 of the approved
permit. The postmining land use of the area to be digturbed during the
construction and operation of the eurface facil i t ies expansion is wildlife
habitat, rangeland and recreational uge and the land wil l be returned to the pre-
mining environment and poetmining land uae. The reclamation of the area wil l
enhance the preeent environment by stabil izing the eroding stream channel and
revegetating the area. This wil l insure the continued abil ity of the land to
produce an environment capable of supporting the pre/postmining land use.

10.3.2 STRUCTURES REMOVAT AND SITE CLEANUP{R614-3O1-541.3O0, 542-7OO AND 763}

The removal of gtructures from the site wil l begin when the Applicant permanently
closes their operations. AIl equipment wil l be removed by the Applicant to other
pro jecte,  so ld as used eguipment  or  so ld to a local  scrap dealer .  This  wi l - l
inc lude a l l  conveyors,  the t ransfer  house,  s i los,  rec la im tunnel ,  feeders '
crushers,  preparat ion p lant ,  t ruck b ins and a l l  aesociated st ructures.  The
culvert that was placed into the stream channel wil l be the last structure
removed from the expansion site. It wiII remain unti l the county road is
relocated and traffic is able to travel through the site. A detailed timetable
for  the complet ion of  each major  etep is  g iven on Table 10.3.8-1.

Al -1 concrete,  asphal t  and debr is  asgociated wi th the fac i l i t ies wi l l  be
demolished and hauled to the reclaim tunnel area, shaft or portals for
deposition. Any additional metal associated with the expansion wil l be sold to
a local scrap dealer. A1l" underground openings wil l be sealed ag stated in
Sect ion 5.2,  pages 5-3 through 5-6 and a l l  fences wi l l  be removed dur ing the
structureg removal.

10 .3 .3  BACKFTLLTNG AND cRADrNc  {R514 -301 -242 ,  553 .100 ,  541 .1O0 ,  542  AND
763 .2OO1

All areas affected wil l be returned to a final surface configuration that closely
resembles the existing terrain prior to mining. Thig configuration wil l conform
to the drainage pattern of the surrounding terrain (Exhibit 10.3-1). Areae that
are regraded and revegetated during construction of the facil i t ieg and are not
disturbed during normaL operations wil l not be disturbed during final backfi l l ing
and grading if they are stable and meet revegetation standards. eeneral grading
specifications are l isted in Section 5.4 of the approved permit.

Mater ia l  balance for  the backf i l l ing and grading is  conta ined in Table 10.3.8-2.
This indicateg that all material wil l be used in the reclamation of the highwalls
and slopes created during the surface expan€rions. As stated previously, all
drainage control in-place during the operation of the facil i t ies wil l be removed
and repJ.aced with silt fence dikes during the monitoring period of permanent
rec lamat ion.

10 .3 .4  DRATNAGE CONTROL {R514-3O1-751 ,  5s3 ,  140  AND 742 }

Drainage ccjntrols that wil l be instal-led during construction of the site wil l be
impossible to maintain during pennanent reclamation because of the removal of the
stream culvert. Drainage controls wil l be left in-place during structure removal
and eite cleanup. Following this phaee of the reclamation, the controls wil l be
removed unti l the site is backfi l led, regraded and the culvert removed from the
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atream. Straw bale check dams shall be placed at appropriate locationa down
stream prior to the removal of the stream culvert. Thege check damg shall be
maintained unti l f inal reclamation activit ies are completed. silt fenceg shall
then be installed at strategic locatione for eediment control associated with the
recla imed area.

1 0 . 3 .  s TOPSOTL REDTSTRTBUTTON AND SURFACE PREPAR.ATTON {R614-3Ol-242, 542.2OO
AND 3ss)

Soils that were ealvaged for use ae subetitute topsoil and placed over the in-
stream culvert wil l be redistributed during permanent reclamation. Salvaged
topsoil wil l aleo be redigtributed during permanent reclamation. These soils
wil l be placed on the graded areaer in a manner that achievee: 1) approximate
uniform thicknees consistent with the postmining land use, contoura and surface
water drainage system; 2) minimal compaction and ero€rion of the fi l l  material and
subst i tu te topsoi l ;  3)  min imal  contaminat ion of  the soi l ;  4)  conservat ion of  the
soil moisture and promotee revegetation; and 5) minimal deterioration of the
bio logical ,  chemical  and physical  propert ieg of  the resource.

Prior to the redistribution and during grading, the surficial area wil l be ripped
along contour to produce proper seedbed conditiong. Soil wil l be applied to a
depth of approximately 1 foot over the roughen surfaces. Replacement wil l occur
along the contour, where safety permite, to minimize eroeion and instabil ity of
the seedbed. If any areaE become compacted due to the reclamation activit ies,
they wil l be disced along the contour to loosen the soil and improve the seedbed.

Samples of the soil wil l be taken prior to redistribution to determine the
current  requi rements for  so i l  nutr iente and amendments.  Sect ion 5.5.3,  5.5.4 and
10.6 provide addi t ional  in format ion on general  redis t r ibut ion,  so i l  analys is  and
data concerning soi l  nutr ients.  Exhib i te 1O.3.4-1 through 10.3.4-6 depict  the
cros€r sectione of the reclaimed area€r.

10 .3 .6  REVEGETATTON PLAN {R614-3O1-341 ,  4 I2 .100  AND 763 .2OO}

The revegetation plan wil l follow Section 5.5 of the approved plan and wil l
incorporate the use of the Permanent Seed Mixture-Central Mine Facil it ies Area,
page 5-50.  Revegetat ion success wi l l  be based on the reference area associated
with the Central- Mine Facil it ies Area (as per discussion with DOGM and the
Appl icant  dur ing the g i te select ion process -  Spr ing 1989).  The revegetat ion of
the r ipar ian zone wi l l  fo l low the methodology descr ibed in Sect ion 5.6.8 and wi l l
uti l ize the Permanent Seed Mixture - Riparian Area, page 5-51. Revegetation
success wil l be based on the deciduous streambank reference area as described in
Sec t i on  3 .7 .3  (a l so  see  Exh ib i t  10 .3 .6 -1 ) .  Any  i n te rmed ia te  ( t empora ry )
revegetat ion of  d is turbed area€,  wi l l  be in  accordance wi th Sect ion 5.5.9.

There wil l be no irrigation or supplementary water used during or after the
revegetation of the area. There are no planned pest or dieease control measures
for the eurface expansion facil i t iee. Pest or disease control mea€rure€r may be
implemented if results from the test plots and/or reference area indicate a need.
Any mea€tures taken shall be eonsietent with proper rangeJ-and and wildlife
management and ehall receive prior DOGU approval.

Pursuant  to R614-3OL-342.200 and 342.4OOt pages 5-50 through 5-70d present  the
criterion for the determination of the revegetation success follow
final/permanent reclamation. As identif ied within the revegetation plan, the
Appl icant  wi l l  s tabi l ize and revegetate the eur face fac i l i t iee expansion area
consistent  wi th a l l  d is turbed areas associated wi th min ing operat ions.  The
primary intended postmining uses are wildlife habitat, rangeland and recreational
use.  The overal l  rec la imed topography ref lects coneiderat ions of  both
primary/postmining land uses.
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10.3.? MONITORING AND I , IAINTENANCE {R614-301-244,  35O, 4t3 '  550 AND 751}

see  Sec t i on  5 .5 . t 2 t  pages  5 -59  th rough  5 -75 .

Table 10.3.8-1 ie  a deta i led t imetable for  the complet ion of  each major
rec lamat ion etep for  the sur face fac i l i t ies expaneion.  Table 10.3.8-3 presente
a cost breakdown for each step of reclamation. Both tables take into
consideration Figure 5.?-1 and Section 5-7 of the approved permit for SCM'
ACT/OO7/018. The eetimated reclamation coste in the gection are to be added to
the cogts for reclamation in Section 5.7 tor a total reclamation coet/bond
I iabi l - i ty .

10.3.8 COUNTY ROAD RELOCATTON tR614-301-521.133.3,  542-600 AND 752)

The county road, upon final reclamation wil l be relocated ae shown on Exhibit
10.3-1.  Once t raf f ic  is  able to t ravel  through the e i te on the newly re located
road, the old road wiII be reclaimed and the stream culvert removed.

10.3.9 STREAM CHANNEL RECLAI. iATION DESIGN {R614-301.731.50O and 742.L3}

During the reclamation activit ies, the fi l l  material placed over the Soldier
Creek by-pass culvert wil l be removed and used ag back fi l l  for the highwalls and
portal areas. Once these area€r are roughly graded, the stream channel by-pass
cul-vert wil l be removed. Following the culvert removal, the entire length of the
stream channel wil l be regraded and etabil ized according to the reclamation
design presented in Appendix F. Due to the configuration of the eite area, it
wil l not be possible to convey much of the regraded and stabil ized channel areag
to the sediment pond. Ae much area as possible wil l be directed to the sediment
pond unti l the area has been adequately revegetated.

Following the construction of the reclaimed channel section, for those sections
of the channel sideslopes, which cannot be directed to the sediment pond, wil l
be provided with eilt fences, at the anticipated mean annual f low depth, to
provide temporary sediment control unti l the channel banks and sideslopes can be
revegetated. Channel sideslopes wilI be seeded according to the revegetation
p lan  desc r i bed  i n  sec t i on  1O.3 .6  and  ae  shown  on  Exh ib i t  10 .3 .5 -1 .

To fac i l i ta te rec lamat ion,  a smal l  cof fer  dam and by-pass p ipe wi l l  be insta l led
to convey the low flows through the reclamation area. Thie wil l minimize the
sediment loading to the stream during the reclamation activit ies. Due to the
J.arge drainage area of Sol-dier Creek, the diversion wil l be designed only for
low-f low events.

For those areas which drain to the gediment pond, the pond wil l remain in place
until the areas draining to it have achieved an adequate vegetative cover.
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T A B L E  1 0 . 3 . 8 - 1

RECLAMATION TIMETABLE - PERMANENT/FINAL

ACTIVITY JUL AUG SEP OCT NOV DEC

Coal Removal

operation Clogure

Structure Removal

Concrete & Aephalt Removal

Road Relocation & Culvert Removal

Backfi l l ing & Grading

Soil Reclamation & Revegetation

Site Completion

Mobi l izat ion & Demobi l izat ion

Coordination Staff
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Cross-Sect ion*

T a b l e  1 0 . 3 . 8 - 2

EARTHWORK - CONSTRUCTTON

End Areas  ( f t2 l

Cut  F i l l
Volumes ( f t3)
Cut  F i l l

oo
oo

4 , 9 7 5  2 , 9 O 2 . 5
2 0 , 4 7 5  3 0 t 2 7 5
3 4 t 4 O O  2 7 , 5 3 7 . 5
2 5 , 6 3 7 . 5  2 8 , 4 8 7 . 5
r o , 2 3 7  . 5  3 2  t 7 2 5

4 , 4 5 2 . 5  3 2 , 5 7 5
7 , 0 6 2 . 5  1 8 , 8 7 5

t2 t725  29 ,L75
t9 ,287  .5  60 ,925
2 6 , 4 6 2 . 5  6 8 , 4 2 5
] -8 r975  57 ,80O
5 0 , 5 7 5  5 3 ,  O 5 O
9 5 , 8 O 0  3 4 , 7 2 5
8 3 , 2 1 2 . 5  2 5 , 6 3 7 . 5
5 t t 2 5 O  7 3 , 5 5 0
3 3 , 5 2 5  t r 9 , 0 6 2 . 5
3 2 , 6 3 7 . 5  8 1 , 7 5 9
1 9 , 4 7 5  2 2 , O O O

t , 9 r 2 . 5  3 , 7 8 7 . 5

5 5 3 ,  0 9 O .  O  8 2 3 , 2 7 5 . O
1 8 9 ,  O O 0 .  O

Volumes ( f t3)
Cut  F i l I

0 + 0 0
o + 5 0
1 + O O
1 + 5 0
2 + O O
2 + 5 0
3 + 0 0
3 + 5 0
4 + 0 0
4 + 5 0
5 + 0 0
5 + 5 0
6 + O O
5 + 5 0
7 + 0 0
7 + 5 0
8 + 0 0
8 + 5 0
9 + 0 0
9 + 5 0

1 0 + 0 0

D i s t  ( f t l

o
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
50
50
5 0
5 0
5 0
s0
5 0
5 0
50
5 0
5 0
5 0

0
o

1 9 9
620
756
2 6 9 . 5
140
38 .  s

244
255
5 0 5 .  5
552
207

1 ,  8 1 6
2  , O L 6 . 5
t , 3 t 2

7 3 8
603
7 0 2 . 5

7  6 . 5
o

o
o

3 8 7
824
5 '77  .5
562
7 4 7
s 5 6
1 9 9
9 5 8

I , 4 6 9
r , 2 6 8
I , 4 4 4
1 , 0 7 8

3 1 1 .  5
7L4

2 , 2 2 8
2  , 5 3 4 . 5

7 2 4 . 5
1 s 1 . 5

0

Conclus ionl  Ut i l iz ing a swel l  factor  of  t2 \  for  the cut  mater ia l ,  resul te in  a
surplus of  7,855 cubic feet  or  291 cubic yards of  f i l l  mater ia l .

EARTHWORK - RECLAMATION

TOTALS
Amount Excavated from New Portals

D i s t  ( f t ) End Areas  ( f t z )Cross-Sect ion*

o+oo
o+50
1 + O O
1 + 5 0
2 + O O
2 + 5 0
3 + O O
3 + 5 0
4 + 0 0
4 + 5 0
5 + 0 0
5 + 5 0
6 + 0 0
5 + 5 0
7 + 0 0
7 + 5 0
8 + 0 0
8 + 5 0
9 + O O
9 + 5 0

1 0 + 0 0

o
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0
5 0

Cut

o
o

L , 4 9 5
L , 9 9 4
r , 6 2 7 . 5
1 , 4 0 5  .  5
L , 2 7 7
1 ,  1 O 3

8 7 9 . 5
1 ,  1 0 7

8 1 3 . 5
? 5 0
834

1 ,  0 5 4 .  5
1 ,  1 0 3
1 ,  0 1 3
2 r65t
2 , 9 6 9 . 5

5 5 5 .  5
1 7 8 . 5

0

F i 1 1

o
o

1 , 6 0 3 . 5
2 , 2 t 2
2 , L 7 t . 5
2 ,  1 3 O .  5
1 , 7 2 9 . 5
1 ,  5 6 1
1 ,  5 1 3
r , 562
L ,  6 6 2  . 5
t  1527
r , 5 4 L
1 ,  7 8 6 .  5
1 , 4 8 5 . 5

7L9
462 .5
5 8 0 .  5
662 .5
1 5 3 .  5

o

o
o

3 7 , 3 7 5
87 ,225
9 0 ,  5 3 7 .  5
7 5 , 8 2 5
6 7  , 0 6 2 . 5
5 9 ,  5 O O
4 9  , 5 6 2 . 5
4 9 , 6 6 2 . 5
4 8 , O L 2 . 5
3 9 ,  0 8 7 .  5
3 9 ,  5 O 0
4 7  , 2 L 2 . 5
5 3 , 9 3 7 .  5
5 2 , 9 O O
9 1 ,  6 0 0

1 4 O , 5 1 2 . 5
8 8 ,  1 2  5
1 8 ,  3 5 O

o

o
o

4 0 ,  0 8 7 .  5
9 5  r  3 8 7 . 5

1 O 9 ,  5 8 7 .  5
1 0 7 , 5 5 0

9 6 , 5 O O
8 2  t 2 6 2 . 5
7 9 , 3 5 0
7 9 , 3 7 5
8 0 ,  6 1 2  .  5
7 9  t 7 3 7  . 5
7  6  , 7 O O
8 3 ,  1 8 7 . 5
8 1 ,  8 O 0
5 5 ,  1 1 2  . 5
2 9 , 5 3 7  . 5
2 5 , 0 7 5
3 1 ,  0 7 5
20 | 4OO

0

TOTALS

Conc lus ion :  U t i l i z i ng  a
surplus of

ewelL factor  of  ] .2*
18 ,O8O cub i c  f ee t  o r

1 ,  1 3 5 , 0 8 8 .  O  1 , , 2 5 4 , 3 3 7 .  5

for  the cut  mater ia l ,  resul ts  in  a
570 cubic yards of  f i l - l  mater ia l .
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T a b l e  1 0 . 3 . 8 - 3

Equipment /Operator Costs

Equipment

D8 Dozer Cat D8L Track/ripper
Cat 966C Loader
Cat 14G Grader
Dynapac W70 Compactor
MS 3OO Mitsubiehi  Excavator
lrlater Truck
72 yd3 Truck
Loader Cat 953
Farm Tractor Deere 3O1A

Diec attachment
Dril l  attachment
Crimper attachment

Loader Backhoe Deere 4L0B
Grove Model 58 Crane
Tractor- t ra i ler  40 Ton Cap.
Mulch b lower (w/3 laborers)
Hydro Seeder w/labor
Corrunon Laborer
Foreman

U n i t  C o s t  f o r  S o e c i f i c  J o b

Job

Steel Demolit ion and Removal
Concrete Demolit ion
Concrete Disposal  (on s i te)
Pavement
Power l ines
Fence Removal
Backfi l l ing and Grading
Excavation
Broadcast seed cost
Dr i1 l  seed cost
Hydro mulch
Fert i l izer
Mul-ch Net t ing ( inc1.  labor)
Seedl ings ( inc l .  labor)
Cut t ings ( inc l .  labor)
Soi l  Analyeie
Filter Blanket
9"  r iprap
12" r iprap
3/4"  minus
Road Base

SC3 Revieed 06/07 /91
suRFEX lo .0 /

operator cost/hr Total Cost/hr
$s

2 4 . 6 5
3 1 . 5 0
3 1 .  s O
2 8 . 6 5
2 8 . 6 s
2 8 .  6 s
2 5 . 2 s
2 8 . 5 s
2 4 . 6 5

2 8 . 5 s
3 1 .  0 0
2 4 . 2 5
9 9 . 5 0
7 0 . 9 5
2 3 . 6 s
3 3 .  5 s

cost/Unit
$

7 0 . 0 0 / t o n
5 .94  /yd3
3.50 /yd3
1 . 4 8  / y d 3
3 . 6 2  l f t
1 . 2 2  /  f t
3.  Oolyd3
2 . 5 0  / y d 3

s s 0 . 0 0 / A c
2 7 s . O O  / A C
140.  O0/ ton

. 3 s l l b
1 ,  O5O.  OO/AC

2 . 2 5 / S t e m
1.50/Stem

1OO. OOleample
t . 5 0  l y d z
7.oO/yd3
6. 5o/yd3
9.  OO/ ton
9 . O o / t o n

1 1 8 .  5 4
106 .  so
101 .  so

7 3 . 6 5
1 2 8 .  6 s

5 8 .  6 s
5 9 . 7 3
5 7 . 0 6
3 7  . 3 7

t . 7 L
L . 7 I
T . 7 L

4 9 . 1 3
1 3 0 .  O 0

5 4 . 6 8
tL2 . r7
too.25
23 .6s
33 .  6s

L 7



I. Coal Removal

Equipment

cat D8L
cat 955C Loader
Foreman

fI. Structure Removal

Steel Removal
Surface Handling & storage
CoaJ- Preparatj-on Plant
Culverts

(Removal performed after
County Road relocation)

Sealing l l ine openings

Concrete Removal
Preparation Plant
Surface Handl ing & Storage
Culver ts :

In let
Headwal l  (OLD)
Outlet

S i l os

Concrete Disposal
On s i te

Fence Removal-

Power Line Removal

I I I .  County Road

Equipment

Constructi-on
(Post  Min ing)
Cat D8L

T a b l e  1 0 . 3 . 8 - 3  ( C o n t ' d )

Reclamat ion coats 1R614-301-327 & 830)

( 0 . 5  a c  a n d  0 . 5  f t .  t h i c k )

Quantity Production cost/Unit
5

t tR 118.  s4 lhr
HR 105 .5o lh r

3 3 .  5 5 / h r
Subtotal

2
2

4OO yd3
40O yd3

2 H R

Quantity

354 Tons
550 Tons
240 Tons

4

559 yd3
31O yd3

27 yd3
17O yd3
!24 yd3
12OO yd3

Total

2 3 7 . O 8
2 1 3 . 0 0

5 7 . 3 0
5 1 7 . 3 8

TotaI

2 4 , 7 8 O . O O
4 5 ,  5 0 0 .  0 0
1 5 ,  8 0 0 .  0 o

7 , 2 O O . O O

3 , 3 2 O . 4 6
r  , 8 4 1 . 4 0

1 6 0 .  3 8
1 ,  0 0 9  .  8 0

7 3 6 . 5 6
1 4 , 2 5 6 . O O

1 2 ,  5 6 5 .  O 0

1 ,  7 O 0 .  0 O

2  , 8 9 6 . O O
t32  ,7  55  .  60

TotaI
$

3ss .62
6 3 9  .  O O
8 1 2  .  O O

6 ,  3 0 0 .  O O

2 9 4 . 6 0
1 3 7 .  3 0
2 6 9 . 2 0

Cat 956C Loader
Cat 14G Grader
Road Base 1"  Minus 7OO ton

(De l i ve ry  t o  s i t e )
Dynapac Compactor W70
Water  Truck (4O0O gal lon)
Foreman

SC3 Rev i sed  06 /O7 /9L
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Relocat ion (Gravel  sur face)

Quantity Production

1200  f t

Cost/Unit
s

7O.  OOl ton
7O.  0O/ ton
7 0 . 0 0 / t o n

1 ,  8OO.  OO/open ing

5 . 9 4 / y d }
5 . 9 4 / y d 3

5 . 9 5 / y d 3
5 . 9 4 / y d 3
5 . 9 4 / y d 3
5 . 9 4  / y d 3

3 . 5 o / y d 3

L . 2 2  /  f t

3 . 6 2  /  f t
SubtotaL

Cost/Unit
s

118 .  54 lh r
1 O 6 . 5 0 / h r
1 0 1 .  5 O l h r

9 .  O0 / ton

7  3  . 6 s  / h r
5 8 .  6 5 / h r
3 3 . 6 s l h r

3590 yd3

1400 f t

800 f t

3 h r
5 h r
8 h r

4 h r
2 b , r
8 h r

1 8



T a b l e  1 0 . 3 . 8 - 3  ( C o n t ' d )

I I I .  County Road Relocat ion (Gravel  sur face)  cont 'd

Iv .  Backf i l l ing and Grading -  42,077 yd3

Quantity Production Cost/Unit

Eguipment

Demol i t ion (Operat ion)
cat DBL w/ripper
cat 966C Loader
Foreman

Equipment

Cat D8L wrlripper
cat 955C Loader
cat 14G Grader
Ms300 Mi tsubishi

Excavator
Cat  953 Track Loader
Dynapac W7O compactor
Water truck
12 yd3 Truck
Foreman

V. Stream Channel

Activity

Quantity Production Cost/Unit
s

10 hr
1O hr
1O hr

24 hr
24 hr
24 hr
10 hrs

4 ,667  yd3
7I4 yd3
845 yd3

1 , 1 1 1  t o n s

Production

2 . 3 3 a c / h r
1 sample/ac

3 . 3 3 a c / h r

19

1 1 8 .  s 4 l h r
1O6.  so lh r

3 3 . 5 5 / h r
Subtotal

3 3 . 5 5 / h r
128 .  65 /h r
1 0 6 . 5 0 / h r

23 .65  /h r
L . 5 O  / y d z
7 . O O / y d 3
6 .  50 /yd3
9 .  O0 / ton

Subtotal

Total
$

1 ,  1 8 5  .  4 0
1 ,  0 6 5  .  O O

3 3 6 .  s 0
t L , 3 9 4 . 6 2

TotaI
s

L 2 6 , 2 3 L . O O

Total
s

3 2 ,  5 0 O .  O O

Equipment

Cat D8L w/ripper
Ms 30O Mitsubishi

Excavator
Cat 955C Loader
Foreman

Foreman
US 3OO Excavator
cat  965C
3 Laborere
Fi l ter  Fabr ic
9"  r iprap
12" r iprap
3/4"  minus r iprap

Eguipment

Cat D8L w,/ripper

Deere 3O1A

1
2
1
1

1
1
1
3
1

lsoo yd3l8 hr
s

3.  OO/yd3

Subtotal

Production Cost/Unit
s

15OOyd3 /8  h rs  2 .5O/yd3

Gradinq

Activity

Ripping
Soi l  sampl ing
D isc ing

SC3  Rev i sed  06 /O7  /91
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Cost/Unit
$

t29  .54  lh r
1 0 0 .  O 0 / a c

3 7 . 3 7  l h r

8 0 7 . 6 0
3 ,  0 8 7 .  6 0
2 ,  5 5 6 .  O O

7 0 9 . 5 0
7 ,  O O O .  O O
5 ,  O O O .  O O
5 ,  5 O O .  0 O

1 0 ,  0 0 0 .  o o
5 7  , t 6 O . 7 O

Total
q

3 1 1 .  3 4
s60 .  o0

6 2 . 9 4

I t T Soi l  Reclamat ion and Revegetat ion (5.6 acres)



V I .  S o i l

Activi ty

Fert i l izer
Seed
Hand Seeding
Dr i l l  Seeding
Fert i l iz ing
MuIch
Mulching
Crimping
Foreman

T a b l e  1 0 . 3 . 8 - 3  ( C o n t ' d )

Reclamat ion and Revegetat ion (5.5 acree)  cont 'd

Equipment Production Cost/Unit
s

Total
s

VII .  Mobi l izat ion and Demobi l izat ion
10r

VIr I .  Subtota l  for  AI l  Act iv i t ies
- 10t Maintenance and Monitoring
- 10* Contingency and Engineering
-  Subtota l  1989 Dol lars
-  Esca la t i on  a t  2 .32  fo r  3  y r s  (1994 )

IX. Total Bond Amount

a c  5 5 . O o l a c  3 0 8 . 0 0
a c  3 9 0 . O 0 / a c  2 ' t 8 4 . O O

2 ac /h r  23 .65 /b r  66 .22
2  ac /h t  39 .O8 /h r  IO9 .42
3  a c l h r  3 5 . 0 8 / h r  6 5 . 4 8
2  T o n f a e  1 4 0 . 0 0 / t o n  1 , 5 5 8 . 0 0
2  ac /h r  1 -L2 . t7  / h r  314 .08
2  ac /h r  39 .O8 /h r  66 .22
1 5  h r e  3 3 . 6 5 / h r  5 3 8 . 4 0

Sub to ta l  5 ,154 .  OO

3 4  , 6 4 5  . 6 3

3 7 8 ,  5 4 5 .  5 3
3 7 , 8 6 4 . 5 6
4 1 ,  5 5 1 .  0 1

458  |  1 ,6 I  . 2 r
3 1 , 8 8 8 . 0 2

4 9 0  '  O O O . 0 O r '

Hand
301A
Hand

Blower

Note:  Siaperas Construct ion,  Inc.  wae the Appl icant 'e  source for
the cost estimates and equipment usage.

* An interim bond amount has been prepared by the Division to include the
existing mining facitit ies, the topsoil storage area, the sewage lagoons,
and the proposed changes to the mine facil i t ie€t area including the
relocation of the public road. Thig interim bond amount is shown on Table
10 .3 .8 -4  on  the  fo l l ow ing  page .
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T a b l e  1 0 . 3 . 8 - 4

f. Interim bond amount is based on the following:

Current Bond Amount
New Portal Facil it i-es
Topsoil Storage Area

Subtotal

Cont ingency Factor  (5Ot)

Subtotal

Engineer ing and Design (15t)

Total Bond Amount

s  577 ,00o .o0
50o,  ooo.  oo

5 0 ,  O O O .  O O

$r ,  L27 ,  OOO. OO

$  5 6 3 , 0 0 O . 0 O

$ 1 , 5 9 O ,  O O 0 .  O 0

$  2 5 0 , 0 o 0 . o o

s 1 , 9 4 O , 0 0 O .  O O

Note- No escalation or other factors were added to the reclamation cost estimate
due to the ghort term in wbich this interim amount wil l be uti l ized
(L992). Sufficient contingency factors have been added to the bond amount
to allow for escalation and adjustment of current bond amount such that in
the event of bond forfeiture, adequate bond would be available to conduct
reclamatj.on.

sc3 Revised 06/O7 /91
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10.4 ENGINEERING DESIGNS

10.4.1 ENVIRONMENTAL AND FACTLITY DESCRIPTION {R514-3O1-52L,  523,  52L. ] -33.2}

The construction of the surface facil i t iee expaneion wil l- allow the Applicant the
abil ity to continue their operation of SCl,{ and improve the coal handling
facil i t iee. The init ial construction drawinge and plana are ehown on Exhibits
10.1.1-1 and Exhib i t  10.2.4-1.  Dur ing the conetruct ion of  the fac i l i t ies '
modifications to the drawinge and plans may occur, but all modificationg wil l be
shown on the final as-built drawinge sent to DOcl{. Any modification that could
alter or effect the deaign of the runoff controle or the etream culvert wil l be
sent  to the etate pr ior  to  conetruct ion of  the fac i l i t ies.

Designs of the gurface facil i t iee expaneione at SCM ie baged on present coal
handling problems, ventilation requiremente and }ong-term neede for both at SCM.
The following facil i t ies wilt be conetructed during 1-99l-/1992, except for the
Portals that were started in 1989.

1. Three Portale into the Rock Canyon Eeam will provide additional intake air
capacity and wil l allow ScM to change their underground conveyor
fac i l i t i es .

2. Fourth North #1 belt wil l connect the underground conveyor systtem to the
sur face fac i l i t ies.  This bel t  has been designed to carry coal  f rom the
mine at 3600 tons per hour. The bett wil l be covered for the total length
that it ie exposed on the surface.

3. The Transfer House with Crusher wil l be enclosed and equipped with water
sprays.  Coal  wi l l  be t ransferred f rom the Fourth North #1 be1t ,  crushed to
5"x O and then onto the s i lo  conveyor bel t .

4. Silo conveyor belt wil l accept coal from the Fourth North #1 belt and has
been deeigned to handle 360O tone per hour. This belt wil l be covered for
the ent i re length.  This bel t  wi l l  d ischarge coal  in to the s i los.  I t  wi l l
have a dribble pan/tube where the belt cro€rses the county road. The
transfer pointe from the belt to the siloe wil l be enclosed and equipped
with water sprays.

5.  The s i los wi I I  accept  coal  f rom the s i lo  conveyor bel t .  one s i lo  wi l l  be
equipped with an overflow chute to provide for emergency ground storage.

6. Vibrating feeders wil l be placed within the silos and ground etorage
facil ity to draw coal from the facil i t ies and dump the coal onto the
recla im be1t .

7. A Reclaim Tunnel wil l be placed beneath the silo pads. The vibrating
feeders wil l be anchored to the tunnel and a reclaim belt wil l be placed
within and anchored to the tunnel.

8. The Reclaim Conveyor Belt wil l accept coal from the vibrating feeders and
convey the coal to the Preparation plant. This belt wil l be covered for
the total length that it is outside the reclaim tunnel.

9. The Baum Jim Preparation Plant wil l be enclosed and houee the eguipment
necessary for waehing coal as needed. Two crushers wil l be enclosed within
the preparation plant. Due to the location of the crushers, water springs
are not  ant ic ipated.  one crueher wi l l  be used to e ize coal  to  2"x 0 when
coal quality is such that washing is not neceersary and the system is by-
passed. The other crusher wil l be used for the cleaned coal at the end of
the waehing cyc le.  Processed coal  wi l l  then be t ransferred to the t ruck
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bin belt. Refuse from the washing process wil l be transferred to the
refuee bin conveyor.

10. An Ash Analyzer, used in monitoring coal quality, wil l be located along the
coal conveyor belt at the coal bins.

11. The Truck Bin Conveyor Belt wil l accept coal from the preparation plant and
will convey and discharge coal to the truck bins. The transfer point from
the belt to the truck bins wil l be encloeed and eguipped with water sprays.

J'2- two 50O ton Truck Bing wil l accept the coal from the truck bin belt and
diecharge the coal into coal haulage trucke. The bine wil l be eguipped
with sensorg that wil l automatically open and cloge the dump gatee of the
b ing .

L3. The Refuse Conveyor Belt wil l accept refuse from the preparation plant and
will convey and diecharge refuee to the truck bin. The tranefer point from
the belt to the truck bin wil l be encloeed, but not equipped with water
sPrays.

t 4 .

l - 5 .

The 300 ton Truck Bin wil l accept the refuse from the refuse conveyor belt
and d ischarge the refuse in to refuse haulage t rucks.  Refuse wi l l  be hauled
to the waete rock d isposal  s i te .

Thickener Tank is used in the recovery of coal f ines from the washing
process. These fines gettle out through the use of polymers and are then
sent to a fi l tering dise where the caked fines are discharged onto the
truck bin conveyor and blended with tbe coal.

16. Power Poles wil l be repositioned and several new poles added to provide
electr ica l -  power to the fac i l i t ies.

17. A culvert has to be placed into the natural channel of Soldier Creek to
allow for the construction of the facil i t ies and to protect this water
resource. The culvert was designed for the 1Oo-year, 5-hour storm event.

l - 6 . County Road wil l be relocated eastward to facil i tate SCM'e expansion. The
new road wil l be built using current and prudent engineering practices.
The road wil l be a county road and maintained by the County.

19. Access Roads into the expansion wil l provide an access to the mine portal
area and haulage fac i l i t ies.  These access roade wi l l  be c lass i f ied as
primary roads and constructed to meet all prudent regulations.

20. A Concrete Protection Pad has been placed over the gas l ine to permit
haulage of men and material over the gae Line and into the portal area.

21. Drainage controls wil l be placed within the expansion to provide runoff
control for the surface faeil it iee, yard expansion, and undisturbed
drainage. Additionally, several operational drainage controls may be
upgraded to provide the necessrary facil i t ies to handle the design event.

22. Fences and Gates wil l be placed along the county road and across the
culvert in the stream to l imit any unauthorized acceE €r to the surface
fac i l i t iee expansion.  Also,  the fence enclos ing the present  etorage yard
will be removed and relocated to accommodate the new facil i t ies.

23. Other miscell-aneous items may be added to the design to improve the overall
operat ion of  the fac i l i t ies,  but  a l l  such i tems wi l l  be l is ted and shown on
the as-built drawing that wil l be eubmitted to DOGM.
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10.4.2 DETATLAD DESTGNS AND CALCULATIONS tR614-3Ol-4I2.10O, 52O, 133.2,  530,
736 ,  740  AND 830 )

A11 detailed designg and calculationg for the expaneion are contained within the
specific environmental sections within thig document. Engineering deeign and
calculations for the mine eurface facil i t ie€r were performed by Norwest Resource
Consultante, Inc. A geotechnical inveetigation of the area wae performed by
RoIIins, Brown and Gunnell Inc. and euperviged by Norwest. The mine surface
expans ion  i s  ehown  on  Exh ib i t  10 .1 .1 -1 .

The surface expaneion wil l have two primary roads. Thege roade wil l be
congtructed and maintained according to the regulations. The primary road
leading into the yard wil l eplit in order to accege the haulage facil i t iee. The
other  pr imary road wi l l  acceEe the por ta l  area.  Exhib i t  10.1.1-1 and Figure
LO.4.2-1 show the location of the roads and typical deeign. The area not
designated ag a primary road wil l be the pad area. The pad areae wil l be used
for mine related storage and activit ies. Due to the storage of mine related
material, the travel paths in these areaE wil l be ever changing in response to
the amount of material at the site.

The county road wi l l  be real igned for  approximately  1235 f t .  (Exhib i t  10.1.1-L)
to accommodate the surface expansion. The Applicant wil l assume the relocation
cost and thereafter, the County wil l assume the operation and maintenance of the
new county road. Upon reclamation, the county road wil l be relocated ag shown
on  Exh ib i - t  10 .3 -1 .

Reclamat ion costs needed for  bond est imates are g iven on Table 10.3.8-3 and th is
includes a breakdown of the specific manpower, eguipment and material costs.
Costs were caLculated for  the removal  of  a l l  fac i l i t ies,  re locat ion of  the county
road and recontouring the disturbed area to the final poetmining contours
( E x h i b i t e  1 0 . 3 - 1 ,  1 0 . 3 . 4 - 1  t h r o u g h  1 0 . 3 . 4 - 6 ) .  E x h i b i t g  1 0 . 3 . 4 - 1  t h r o u g h  1 O . 3 . 4 - 6
i l lust rate the operat ional  and f ina l  contour  cross sect ions of  the permi t  area.
These exhibits show adequate material balance and help in the determination of
the rec lamat ion costs.

Reclamat ion ef for ts  of  a l l  lands d is turbed by the Appl icant 's  operat ion wi l l
occur as contemporaneously as practical with mining operationg. Backfi l l ing and
grading work performed during reclamation wil l cover all coal or toxic-forming
mater ia ls  and gtabi l ize the backf i l led and graded mater ia ls .  Ri l ls  or  guJ.L ies
that form in reclaimed areaE wil l be fi l led, graded or otherwige stabil ized and
reseeded or replanted.

10 .4 .3  coMpLTANCE {R614-3O1-560 }

The Applicant wil l conform to al1 state and federal regulations on the use of
exploeivee and the methodg for eurface blasting activit ieg if there is a need for
the use of explosives at the site. A record of the surface exploeives use wil l
be kept on fi le at SCM.

Historically, the areae within and adjacent to the proposed surface facil i t ies
expansions have been used as a route for a natural gas pipeline, electrical
transmission l ine, county road, coal mine and coal mine exploration. The exact
locat ion of  some of  the st ructures is  shown on Exhib i t  10.1.1-1.

All facil i t iee and roads wil l be designed and constructed under the guidance of
a profeseional engineer. Ag-built drawinge wil l be submitted to DocM following
construct ion of  the fac iL i t ies and roads.

SC3  Rev i sed  06 /O7  /91
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10.5 HYDROLOGY

The information contained in thig section wae prepared by the staff of the
Applicant and by Thomas J. Suchoski, Carol A. Bjork, and Richard B. White of
EarthFax Engineering, Inc. located in l,t idvale, Utah-

10.5.1 GENERAL HYDROLOGTC DESCRTPTTON tR614-3OL-72OI

The surface hydrology of the area within and adjacent to SCM ie detailed within
Sect ion 3.3 lnd the in format ion preeented in Sect ion 10.5.3.  Groundwater
information for the permit area is detailed within Section 3-2.

10.5.2 SURFACE WATER -  SOLDTER CREEK {R614-3O1-731.510,  742-3OO}

DOGM and the Applicant, during init ial discuseione and site visite to SCM in
early 1989, tenlatively agreed that a culvert placed in Soldier Creek would
pro.vlde the most environmentally eound method to acquire the needed gurface area
ior mine expansion. The Applicant has deeigned a culvert that wil l handLe the
flow and prtvide the requiied etabil ity. DocU approved the init ial plans in
1989. This culvert has been installed and is being extended to the north.

10.5.3 RUNOFF CONTROL - DETAILED DESTGN AND CALCULATTONS {R5L4-3OL-740}

The existing runoff- and eediment-control facil i t ies at the Soldier Canyon l{ine
were examined to determine their capacity to adeguate handle the existing flow
from the portal and yard expansion areas. Resultg of these analyses are
contained in Appendicee A, B, C, and D.

Sediment Pond

As indicated in Appendix A, the existing facil i t ies and the proposed expansion
areas wil l contribute 1.49 acre-foot of runoff to the sedimentation pond during
the 1o-year ,  24-hour s torm. Addi t ional ly ,  the pond wi l l  handle 0.44 acre- feet
of process water, in the event of a worst-case shut down of the preparation
p lan t .

The tota l  d is turbed area contr ibut ing to the pond tota ls  14.3 acres.  The
sediment storage required to be provided in the pond for this area of disturbance
ie 1.43 acre-feet. Thig wiII result in the maximum sediment storage being at an
elevation to 5549.5 feet. The gediment collected in the pond wil l be removed
when 50 percent of the maximum storage volume (0.86 acre-feet) has been
deposited. Thig cleanout level correaponds to an elevation of 5647.55 feet.
With the decant elevation at 5549.5 feet, the clean out level wil l be at least
2.0 feet below the decant level, thus meeting previoue reguirements of the Utah
Bureau of Water Pollution Control placed on operation of the pond.

To accommodate the runoff and process water and the sediment volumes, the primary
and emergency spil lways of the eedimentation pond wil l be at an elevation of
6654.5 feet. The runoff peak flow to the eedimentation pond during the 25-year'
6-hour s torm (10.34 cfs)  can be adequate ly  passed by the combined pr inc ipal  and
emergency spil lwaye. With the risers and conduj-ts of the epil lways being 18-
inches in diameter, calculations presented in Appendix A indicate that, at peak
flow the head over the spiJ.Iway wil l be 0.62 feet. Thie head corresponde to an
elevat ion of  6655.12 feet .  Based on the crest  e levat ion of  the pond at  6656.2
feet, this leaves 1.08 feet of freeboard between the water surface and the top
of the embankment.

A trash rack and oil skimmer has been provided on the spil lway. This
appurtenance is constructed of 30-inch diameter CllP and extends 1.O feet below
and L.0 feet  above the epi l lway e levat ion.
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Riprap current ly  ex is ts  at  the out fa l l -  o f  the pond spi l lway.  Based on a v isual
examinat ion,  th is  r iprap is  general ly  in  the s ize range of  1.5 feet  to  3.0 feet
in  d iameter ,  wi th smal ler  and larger  rocks a lso present  at  low percentages.
Analyses presented in Appendix A indicate that this riprap is adequate for
contro lL ing erosion at  the out faI I .

Divers ions and Culver ts

Analyses conta ined in Appendix A indicate that  the ex is t ing runof f  conveyance
system is adequate to handle the additional f low expected from the proposed
expansion areas dur ing a lo-year ,  5-hour s torm. fn the ex iet ing hal f - round
conveyance culver t ,  the f reeboard is  s l ight ly  less than the arb i t rar i ly  se lected
design walue of  O.3 foot .  Hoerever ,  e i te-speci f ic  ra infa l l  data documented by
Sold ier  Creek CoaI  Company in thei r  "sedimentat ion Pond Modi f icat ion,  F inal
Construct ion Report"  (dated February 24,  1987) indicate that  runof f  f rom the
design event  is  actual ly  lese than predicted by the ra infa l l -  runof f  models.
Thus,  g iven the conservat ive nature of  the runof f  predict ions,  the system has
adequate capaci ty  to convey the deeign f low and the f reeboard of  O-25 feet  is
considered adequate.

The exis t ing d i tches in  the storage yard wi l l  be connected to the proposed p lant
yard/por ta l  expansion area runof f  contro l  s t ructures.  Four new di tches and
culver ts  are proposed.  Di tches 1 and 2 are proposed to be hal f - round culver ts .
These are s ized to be a min imum of  18- inch d iameter  hal f - round culver ts .  Larger
diameter  hal f - round culver ts  may be used i f  mater ia ls  are readi ly  avai j -able.
Di tches 3 and 4 are proposed to be t r iangular  ear then d i tches.  These d i tches are
sized wi th 3H:1V s ideslopes and wi th an approximate depth of  1 foot .  Analyses
presented in Appendix A indicate that  these d i tches wi l l  adequateJ-y convey the
addi t ional  runof f  f rom the expansion area.

Runof f  generated on the new plant  yard/por ta l  area wi l l  be conveyed under the
access roads v ia culver ts .  Four  culver ts  are proposed for  the expansion area.
Cu lve r t s  I , 2 ,  and  3 ,  wh i ch  d ra in  unde r  t he  access  roads  i n  t he  p lan t  a rea ,  a re
proposed to be 18- inch min imum diameter  culver ts ,  though larger  d iameter  culver ts
can be used i f  mater ia ls  are readi ly  avai labJ"e lsee calculat ions in  Appendix A)  -
Culver t  4 is  proposed to convey runof f  f rom the por ta l  area and f rom the sur face
of  the county road under the road to the ex is t ing d i tch system v ia an at -grade
culver t .  Design deta iLs for  th is  culver t ,  inc luding locat ion and jo in ing wi th
the ex is t ing system, are eonta ined in Appendix B.  The in let  of  these culver ts
wi l l  be pro ject ing end culver ts .  No other  protect ion is  p lanned as these
culver ts  are in let  contro l led and the f low enter ing the culver ts  wi l l  be
subcr i t ica l  in  nature.  Al l  undieturbed area runof f  wi l l  be d iver ted around the
new portal area as indicated in Appendix C.

The d ivers ions and thei r  appurtenant  s t ructuree wiL l  be designed,  located,
constructed,  mainta ined and used to be etable,  protect  to  the extent  possib le
using the best  technology current ly  avai lable,  addi t ional  contr ibut ions of
suspended sol ide to s t reamf low outs ide the permi t  area and comply wj- th a l l
appl icable local ,  Utah,  and federal  laws and regulat ions.
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lE soldier creek Bv-pase culvert

\ \
i d Design details are provided in Appendix D for the culvert ingtalled in Soldier

- 
q 

t Creek extending beneath the nehr portal. pad. The gtructure waE originally

{y .( deaigned to adeguately convey the peak flow resulting from the 1Oo-year, 24-hour
t 

* rl 9 gtorm. With the new regrulationa, the peak flow has been reduced to the 1oo-year,
*  lJ{  6-hour Etorm. Ag indicated,  the et ructure consists  of  a 19 ' -LL 'xL2' -1O'p ipe-

'r *r" 
arch culvert. The beveled inlet and riprapped headwall have been congtructed to

{4 ' improve the inlet hydraulics and to provide eroeion protection to the limited
g area of the inlet. outlet protection ie provided in the form of a riprap basin.

Detaile of the proposed inlet and outlet conditiona are contained in Appendix D.

Information contained in Appendix D indicatee that the exit velocity from the
riprap baein wil l be approximately 15.2 feet per second. Previoug water-gurface
profile analysee of Soldier Creek presented in Appendix E indicate that, under
natural conditione, velocities near the propoged culvert outlet are in excegg of
18 feet per second. Thue, the outflow from the riprap basin wil l be lees than
the gtream would experience during the deeign event under natural conditions,
indicating that the baein design ie adeguate.
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10 .6  SOrLS  {R614 -3O1-2OO)

10.6.1 ENVTRONMENTAT DESCRIPTION {R614-3O7-22O}

The soil range type ie Mountain Loam. The elopes in this area ranlte from 1O-3Ot.
Elevation is 57OO to 5850 feet. At etreamside, the vegetation was
oakbrush/gra€ra. Where new portalg are being developed, the elope was vegetated
wi th f i re ,  eagebrush,  and oak.

The soile adjacent to the topeoil pile are deep, well-drained, eandy loame.
These eoils have formed from alluvial and colluvial action over a stony layer
found two to eix feet down.

Adjacent to these soile on the easterly bench were soilg that had been previouely
dis turbed by Questar 'e  p ipel ine insta l la t ion.  Theee soi lg  are wel l  mixed to a
depth of three feet. They have a sandy loam to loam texture with legs than 22*
cobbles and gravel. Much of this soil along with the yard expansion eoilg were
used as backfi l l  in the init ial placement of the culvert in Soldier Creek.

10.5.2 pRil4E FARMLAND TNVESTTGATTON 1R514-3OL-22t\

This area is located at the Soldier Canyon Mine site. As determined by the SCS
on 12/5/85,  the area is  not  coneidered pr ime farmland (see sect ion 3.9 of  the
approved permit. )

1.0.5.3 MAP DELINEATTNG DTFFERENT SOILS {R514-3O1-222-LOO}

I l lust rat ion 1O.2.12-J-  shows the topsoi l  depths at  the locat ions of  the road
real ignment  and potent ia l  d is turbances asaociated wi th the fac i l i t ies expansion.

On May 23, t991, the Applicant had the SCS map and describe the soils outside the
disturbed area that are subject to be and may potentially be disturbed, as a
resul t  o f  the road re locat ion and sur face fac i l i t iee expansion.  F ive d i f ferent
types of  goi ls  were found and descr ibed ( I l lust rat ion 10.5.3-1) .  One was
previously  descr ibed by Carol  Franks,  SCS, ( I l lust rat ion 10.6.3-21,  therefore
I l l us t ra t i on  10 .6 .3 -1  on l y  desc r i bes  fou r  so i l  t ypes .

SC3  Rev i sed  06 /07 /9 I
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10.6.4 SOrL TDENTTFTCATTON {R614-301-222.2OO}

LOCATTON DATE SAMPLED SAT'{PLE I. D. ILLUSTRATION

Disturbed Soi l
(Pipel ine)

LL/1r . /89 and eubmit ted
for  analysree on l /5189

#3 1 0 . 6 . 5 - 1  a n d
1 0 .  6 .  5 - 4

slope below
pipel ine

LJ-/l-:-./89 and submitted
fo r  ana l yEec  on  l / 5 /89

#4 1 0 . 6 . 5 - 1  a n d
1 0 .  6 .  5 - 4

Undigturbed
So i l e

LL/ lL/89 and eubmit ted
for  analyaea on l /5 /89

1 -1 ,  l - 2  &  2 -L
2 -2

1 0 .  6 .  5 - 2
1 0 . 6 . 5 - 3  a n d
1 0 . 5 . 5 - 5  a n d
1 0 .  5 .  s - 6

Explorat ion
Cut

s /8 /8e overburden
Underburden

1 o . 2 . 6 - 2

Yard Expangion s / L t / 8 e #L
#t

( o -6 "  )
(  o -12 '  )

L O . 2 . L 4 - 2

Exploration
Cut

e /30 /8e Overburden
Underburden

1 o . 2 . 6 - 2

Soi l  be low
topso i l  p i le

ro  /  16 /8e
s  /23  /e r

SCS F ie ld
Eval-uation

1 0 . 5 . 3 - 2  a n d
1 0 .  6 . 3 - 1

Soi l  Thickness
Survey (6team
bank/r idge)

L2 /LO /eO
s  / 2 3  / e L

15 auger holes
to determine
topsoil depth

l o . 2 . L 2 - t
( rev ised s /L /9 I l
a n d  1 0 . 6 . 3 - 1

Stream Channel 2  / 2 6  / e 7 #L,  #2
Composites

10 .  2  .  14 -1

PortaI
Development

2  / 2 6  / e 7 #3 Compoeite 1 0 . 2  .  5 - 1

Soil below and
adjacent  to
topsoi l  p i le

s  /L le t
s  / 23 l s7

9 auger holes
to determine
topsoil depth

1 O . 2 . 1 2 - 1  a n d
1 0 .  6 . 3 - 1

Potent .  areaE
of disturbance
Area 1
Area 2
Area 3

s  / t /e r
s  /23  /e7

14 auger holeg
to determine
topsoil depth
and SCS field
evaluation

] -O .2 .12 -1  and
1 0 .  6 . 3 - 1

10 .5 .5  SOrL  DESCRTPTION {R614-3OL-222 .300 )

The soils portion of this text was prepared by Randolph B. Gainer and Rhett
Brooks of  Ear thFax Engineer ing.  Inc.  located in  Midvale,  Utah.

On November 11,  1988,  so i l  samples were col lected f rom test  p i te  (#1,  #2 #3 & #4 ' )
as shown on Exhib i t  10.3.6-2.  Inspect ion of  test  p i ts  (#3 and #4)  conclus ively
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proved that the soil in the area r^raE previously disturbed by activit ies
associated with the inetallation of a buried gas l ine. Therefore, it was not
possib le to ident i fy  or  log any d is t inct  eoi l  prof i les or  hor izons.  The soi l
appeared to be wel l  mixed f rom the sur face down to bedrock (O.O'  to  3.O') .  Thus
only the upper foot of soil wae sampled and eubmitted to ChemTech on January 5,
1989 for analyeie of the required phyeicat and chemical parameters (Il luetration
10.6.5-1) .  Inspect ion of  test  p i te  (#1 and #2)  ehow a def in i te  break in  the eoi l
horizons with the appropriate soil eamples gubmitted for analyses (Il luetration
1 0 .  6 . 5 - 2  a n d  1 0 .  6 . 5 - 3  )  .

The soils in the area of the portal expansion are a sandy loam to loam with up
to 22* gravel and cobble fragimente. Field notes for tegt pite #3 and #4 are
ghown on I l lust rat ion 10.6.5-4.  The undigturbed soi le  (#1 and #2)  are a gravel ly
sandy loan with up to 2O*-25t gravel in the A Horizon with a gravelly sandy loam
with up to 2Ot cobbleg in the B Horizon. Field notee for (*1, and #2) are shown
on I l lust rat ion 10.5.5-5 and 10.5.5-5.  Soi l  sampLes #1 and #2 were taken when
the Applicant had originally made plans to place the new portale eoutheast of
thei r  present  locat ions.  Because of  the geologic condi t ione of  the coal  eeam in
that area, the Applicant was forced to relocate the portale.

Due to the decision to realign the County road, the Applicant had additional
studies per formed on the soi ls  to  be d is turbed.  On October 16,  1989,  Carol
Franks (soi l  Sc ient is t )  for  the scs examined the topsoi l  mater ia l  adjacent  to the
present topsoil stockpile. From her examination of the topsoil material, the
Applicant should save the material down to the very stony layer (I l lustration
10.5.3-2) ,  s ince th is  mater ia l  is  s imi lar  to  the topsoi l  a l ready stockpi led.  on
May 23,  1991 Le1and Sasser (Soi l  Sc ient is t )  for  the SCS examined addi t ional  so i ls
outside the disturbed area that are subject to be and may be disturbed as a
resu l t  o f  t he  road  re loca t i on  and  su r face  fac i l i t i es .  ( I l l us t ra t i on  10 .6 .3 -1 )

As per  d iscussions and agreements wi th Pr isc i l la  Bur ton of  DOGM, a topsoi l
thickness survey was performed by Rhett Brooks on a small area to be disturbed
by the road alignment located a short distance away from the above sampled areas.
Because this area is located within the same eoil mapping unit and is of similar
material, only a thicknesg €rurvey was needed and the results are shown in
I l l us t ra t i on  10  .2 .  ) . 2 -L

Addi t ionaL informat ion on the soi ls  wi th in th ig area can be found in Sect ion 3.6
of the approved permit.

10.6.5 SOrLS CTTARACTERTSTICS tR614-301-223I

The investigation performed by Carol Franks and Leland Sasser (SCS) satisfies
th i s  requ i remen t  ( I l l us t ra t i on  10 -6 -3 -2  and  10 .5 .3 -1 ) .

10.6.7 SUBSTTTUTE TOPSOTL {R614-3O1-224I

During the culvert extension project, approximately 4800 yd3s of material was
excavated for placement of the stream culvert. This material was placed on the
west side of the County road and a berm wag constructed at the toe of the
stockpile. On 2/26/9L, #L and #2 composite samples were taken and sent to
Intermounta in Labs for  analys is .  The resul te ( I l luet rat ion 1O.2.14-1)  showe the
mater ia l  to  be sui table for  use as subet i tu te topsoi l .  The mater ia l  must  be
sorted to ensure that the topsoil contains only 1Ot rock fragments of the 1O-12
inch or greater size. By sorting this material, approximately 400O yd3s wil l be
subst i tu te topsoi l  and the boulders larger  than 1O-12 incheg wi l l  be etored as
landscape boulders/ r iprap.

Soile designated as substitute topsoil from the portal expaneion, yard expaneion
and init ial stream culvert installation can no longer be coneidered for u€re as
subst i tu te topsoi l .  This  mater ia l  eras used as backf i l l  around the st ream
culver t ,  thereby,  negat ing i ts  use as potent ia l  topsoi l .  This  mater ia l  wi l l  now
be used in backf i lJ- ing of  h ighwal le dur ing rec lamat ion.
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10.7 VEGETATION

lhe vegetation communi-ties that wil l be dieturbed during the construction of the
surface facil i t ies are the Mountain Brueh, Pinion/Juniper and Sagebrugh. The
elevation of the dieturbance area l ies between 6,700 feet and 618O0 feet above
sea leveI .

As reguested by the Bureau of Land Management, the Applicant shall conduct a
clearance for Hydesarum occidentale var canone prior to any dieturbance. Resulte
ehall be forwarded to the proper agencies.

10.7.1 ENVTRONMENTAL DESCRTPTTON {R514-3O1-321}

A general description of the communitieg wae done on 22 November 1988, and 28
June  199O by  Pa t r i ck  D .  Co l l i ns ,  Ph .D ,  M t .  Nebo  Sc ien t i f i c  ( I l l ue t ra t i on  10 .7 .1 -1
and 10.7.1-21.  Addi t ional  in format ion l ig ted in  Sect ion 3-7 of  the approved
permit details additional descriptions of the overall vegetation communities
throughout the permit area of ScU.

L0 .7 .2  DETAILED DESIGNS AND CALCULATIoNS {R614-301 -353 ,  354 ,  355  and  356 }

As per discusgions and agreements with Mr. Lynn Kunzler of DOGl.t, the Applicant
wil l u€re the Central l{ ine Facil it ies Reference Area for the revegetation
comparator  for  the 6.4 ac eur face fac i l i t ies expansion.  Deeigns and informat ion
on the vegetation communitiee reference areas and test plote is included in the
approved permi t ,  Sect ion 3.7.

10 .7 .3  COMPLTANCE {R614-301 -350 }

The Applicant wil l continue all monitoring progr€rms that are l isted in the
approved plan for SCM. Monitoring of the surface facil i t ies expansion areas
following final/permanent reclamation wil l coincide with the program as stated
in Sect ions 3.7 and 5.6 of  the approved permi t  for  SCM, ACT/OO7/O18.
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10.8 WILDLIFE

10.8.1 ENVTRONMENTAL DESCRTPTTON {R514-3OL-322}

Deacription of the wil-dlife habitats that exiet within the permit area of scM are
Iisted in Section 3.1O of the approved permit.

10.8.2 PRoTECTTON OF WTLDLTFE AND RELATED ENVTRONMENTAL VALUES tR614-301-358)

The eurface facil i t iee expansion at SCM will digturb approximately 6.4 ac of
additional ground. The major impacts to the wildlife in and around the area are
logs of gtream uee for 885 feet and dieplacement of wildlife during conetruction
and operation of the facil i t ies. The Applicant wil l minimize, to the extent
possible, all of the impacts through environmentally sound construction practices
and by fo l lowing the mi t igat ive measrureE descr ibed in Sect ion 3.10.4 and 4.4.6
of the approved plan. Along with the mitigative mea€ruree in the approved plan,
the Applicant participated in a wildlife mitigation plane a€t detailed in
I l lust rat ion 10.8.2-1,  thue provid ing an addi t ionaL 79.2 acres of  improved
rangeland. This plan to mitigate the loss of crit ical valued deer winter range
was developed by the Utah Div ig ion of  Wi ld l i fe  Resources ( I l luetrat ion 1O.2.8-21.
This plan would mitigate the loss of winter range due to the construction of the
sewage lagoons as well as the yet to be constructed refuse disposal site and the
proposed expaneion of  the sur face fac i l i t ies.

A11 power l ines that are reconstructed or constructed during the expaneion wil l
follow the D9ilR and FWS guidelines for raptor protection. All threatened or
endangered wildlife sighted within or adjacent to the permit area wil l be
reported to the appropriate state and/or federal agency.
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10.9 CLIMJATE, AIR QUAI-ITY, CULTURAL RESOURCES AND LAND USE

10.9.1 CLTI4ATE -  ArR QUArrry tR514-3O1-420-724.4OO)

The Appl icant 'a  €rur face fac i l i t iee expansion is  shown on Exhib i t  10.1.1-1 and
bordere the present facil i t ies of SCM. The climate of this area is the €,ame as
that preeented for scM and contained in Section 3.5 of the approved plan'
AcT/OO7/018. The AppJ-icant wilI collect precipitation data from a rain gauge at
SCM and wil l keep thie data on fi le at the mine gite.

Air Quality information for the area in and around scl.t is contained in Section
3.5.3.  The Appl icant 'g  a i r  gual i ty  approval  order  ie  present ly  in  the publ ic
comment phase ( I l lust rat ion 10.9. ! -2r .  The new approval  order  is  based on a
projected tonnage of  3.5 mi l l ion tons.  The Appl icant  has designed the new
facil it ies to provide the best available control technology for the economic
feasibil i ty of the expanei-ons. Any changes to the designed facil i t ies wil l be
reported to DOGM and the Utah Bureau of Air Quality prior to construction.

10.9.2 CULTURAL RESOURCES -  LAND UsE 1R614-301-411.140 AND 41O)

Information on the cultural resources within the permit area, including the
expansion,  is  conta ined in Sect ion 3.11.  As stated,  the r idgetop and val - ley
bottom terrain was sampled and the results indicate that no resourcest were formed
with in the sur face expansion s i tes.  The Appl icant  wi l l  t raverse the ent i re
surface expansion site prior to construction to insure no cultural resource site
may have been overlooked during sampling. If a potential site is discovered the
BLM and DOGM wil-I be notif ied immediately. No construction wil l occur around the
site unti l the AppJ.icant receives permission from both agencies.

Land use informat ion is  conta ined in Sect ion 3-13.  The expansion wi l l  have only
a minor  ef fect  on the area and that  ef fect  wi l l  be reduct ion of  wi ld l i fe  habi tat
by 5.4 ac.  This habi tat  wi l l  be replaced dur ing f ina l  rec lamat ion of  the sur face
fac i l i t ies at  ScM.

SC3 Revised 06/07 /9!
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Eva luac ion  Ex i s t s i ng  Fac i l i t i es  and  Des ign  o f

New St . ructures for  Proposed Porta l  Expansion Area

1.0 GENERAL

T h i s  a p g e n d i x  p r e s e n c s  a  d i s c u s s i o n  o f  c h e  h y d r o l o g i c  c o n d i r i o n s  a s s o c i a c e d

w i t h  c h e  e x i s E i n g  r u n o f f  c o n t r o l  f a c i l i t i e s  o f  c h e  S o l d i e r  C a n y o n  M i n e  a n d  t h e

p r o p o s e d  f a c i l i t i e s  f o r  E h e  p o r E a l  e x p a n s i o n  a r e a s  f o r  t h e  m i n e .
i

l

C o m p u t a t i o n s  a r e , b a s e d  u p o n  a  f i e l d  r e c o n n a i s s a n c e  o f  t h e  a r e a ,  p r o p o s e d

ope ra t i ons  a rea  topog raphy  p rov ided  by  So ld ie r  C reek  Coa l  Company  (SCCC) ,  and

p u b l i s h e d  h y d r o l o g i - c  i n f o r m a E i o n .  I n  a d d i L i o n ,  t h e  d e s i g n s  a r e  b a s e d  o n  c h e

a s s u m p t i o n  t h a E  t h e  C u l v e r t s  a n d  d i v e r s i o n s  a r e  t e m p o r a r y  s t r u c t u r e s  r " r h i c h  w i l l
t

be  removed  upon  cess fc ion  o f  m in ing .

:

2.O STORI{ RIINOFF CALCTILATIONS

Wacershed  bounda r i es  used  to  deEerm ine  runo f f  cond i t i ons  f o r  che  wa te rsheds

c o n t r i b u t i n g  t o  E h e  s e d i m e n t  p o n d  a r e  s h o w n  o n  E x h i b i t  1 0 . 2 . 4 - I .  T a b l e  2 - l

p resenEs  the  wa te rshed  cha rac te r i s t i cs  f o r  t he  d ra i . nages  conc r i bu r i ng  t o  t he

s e d i m e n t  p o n d .  O f  t h e  e x i s t i n g  d r a i n a g e s ,  o n l y  w a t e r s h e d s  4 ,  6 ,  a n d  A S C A  / f 5  w i l l

b e  a f f e c t e d  b y  t h e  f a c i l i t y m o d i f i c a t i o n s ,  t h e  d r a i n a g e  a r e a s  o f  c h e s e  r " r a t e r s h e d s

\  w i l l  be  s l i gh t l y  reduced .  De ta i l s  f o r  ASCA /15  a re  add ressed  i . n  t he  MRP fo r  t he
l d  r

n_U. | . \ so ld ie r  Canyon  M ine  ( see  pg .  4 -14 f  ) .  To  fac i l i t ace  d ra inage  f  r om rhe  new
sV t ,

* " J  I  po r t . a l s ,  on  t he  eas t  s i de  o f  che  canyon ,  and  che  add i t i ona l  d ra inage  a rea  fo r  che
N - \I  - t t  

Sold ier  Creek culver t  extension,  four  watersheds have been added to the runof f

c o n t r 6 l  p l a n .  A s  i n d i c a t e d  i n  E x h i b i c  1 0 . 2 . 4 - 1 ,  W a t e r s h e d  1 I  h a s  a n  a r e a  o f  I

ac re  and  w i l l  d ra in  t o  p roposed  d i ve rs ion  D i t ch  / i 1 .  Wa te rsh 'ed  12  has  an  a rea  o f

3 . 5  a c r e s  a n d  w i l l  d r a i n  i n t o  t h e  p r o p o s e d  d i v e r s i o n  D i c c h  i l 3 ,  w h i c h  c o n v e y s

r u n o f f  t o  t h e  s o u t h  i r l o n g  t h e  c o u n t y  r o a d  ( s e e  F i g u r e  2 - 1  a n d  P l a r e  i 0 . 2 . 4 - 2 ) .

l . I a t , e r shed  13  has  a  $ r " i r r "ge  a rea  o f  ? .8 -  4c res  and  con t r i bu tes  runo f  f  Eo  the

porEal area undi".,rr{.a rorr"off ai.r".Si8r, I iJ. oon.ndix C for design). Llacer:shed

1 4  d r a i n s  t h e  n e w  p o f t r t  a r e a  a n d  h a s  a  d r a i n a g e  a r e a  o f  0 . 8  a c r e s .  F o r  t h o s e

w a t e r s h e d s  n o t  a f f e c t e d  b y  c h e  f a c i l i E i e s  m o d i f i c a E i o n s ,  w a t e r s h e d  p a r a m e t e r s
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f r o m  f h e  D i w i s i o n  o f  O i I ,  G a s ,  a n d  M i n i n g

d a t e d  O c t o b e r  2 1 ,  1 9 8 7  w e r e  u s e d .

Memorandum to  F i l e  by  Ken t  l ^ l hee le r

Da ta  ob ta ined  f rom che  wa te rsheds  d ra in ing  Eo  the  sed imeu t  pond  were  i npu t

i n to  t he  SEDIMOT I I  compu te r  p rog ram deve loped  by  Warne r ,  eE .a l .  ( 1980 )  Eo

gene ra te  runo f f  hyd rog raphs  fo r  t he  10  yea r -6  hou r  and  25  yea r -6  hou r  s to rms

r e q u i r e d  b y  t h e  D i v i s i o n  o f  O i 1 ,  G a s ,  a n d  M i n i n g  ( 1 9 8 9 )  f o r  e v a l u a c i o n  o f

ex i s t i ng  and  des ign  o f  ne l r  t empora ry  runo f f  con t ro l  sE ruc tu res .  The  SEDIMOT I I

p r o g r a m  m o d e l s  r u n o f f  u s i n g  E h e  r a i n f a l l - r u n o f f  f u n c t . i o n  o f  t h e  U . S .  S o i l

C o n s e r v a t i o n  S e r v i c e  ( 1 9 7 2 )  a n d  t h e  u n i t  h y d r o g r a p h  o f  H a a n  ( 1 9 7 0 ) .

A c c o r d i n g  E o  c h e  U . S .  S o i I  C o n s e r v a t i o n  S e r w i c e  ( 1 9 7 2 ) ,  r h e  a l g e b r a i c  a n d

h y d r o l o g i c  r e l a t i o n s  b e t w e e n  s t o r m  r a i n f a l l ,  s o i l  m o i s c u r e  s t o r a g e ,  a n d  r u n o f f

can  be  exp ressed  by  che  equa t i . ons :

Q  =  ( P - 0 . 2 s ) 2
P + 0 .  B S

( 2 - 1 )

and

where:

a=
$ =

p =

C N =

S = 1 0 0 0 - 1 0
CN

d i rec t  r uno f f  vo lume  ( i nches )

wace rshed  s to rage  fac to r  ( i nches )

r a i n f a l l  d e p c h  ( i n c h e s )

runof f  curve number (d imensionless)

( 2 -2 )

for  the l . Ia tersheds 12 and 14 were chosen f rom

t a b u l a t e d  v a l u e s  p r e s e n t e d  b y  t h e  U . S .  S o i l

Acco rd ing l y ,  a  va lue  o f  75  l r as  used  fo r  Ehe

o f  9 0  w a s  u s e d  f o r  t h e  d i s t u r b e d  a r e a s .  F o r  t h o s e

d i s t . u rbed  and  und i s tu rbed  a reas ,  t he  cu rve  numbers

by  a rea  o f  each  t ype .

The average curve number

professi -onal  judgement and

Conse rva t i on  Se rv i ce  (1972 ) .

und i s tu rbed  a reas  and  a  va lue

va te rsheds  w i th  a  m ix t . u re  o f

se re  deEerm ined  by  ve igh f i ng



The  f ime  o f  concen t ra t i on  f o r  t he  wa te rsheds  may  be  es t ima ted  by  seve ra l

f o r m u l a s .  F o r  t h i s  r e p o r t ,  T "  w a s  d e t e r m i n e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n s  ( U . S .

S o i I  C o n s e r v a t i o n  S e r v i c e ,  L 9 7 2 ) :

( 2 -3 )1  =  l o . s  ( S + l  ) o . z

1 9 0 0  Y o - 5

and

T p = L + d / 2 ( 2 -  4 )

and

T "  =  1 . 6 7 L  ( 2 - 5 )

where :

L  =  wa te rshed  l ag  (hou rs )

I  =  h y d r a u l i c  l e n g t h  o f  t h e  w a t e r s h e d ,  o r  d i s f a n c e  a l o n g  t h e  m a i , n  c h a n n e l

E o  t h e  w a t e r s h e d  d i v i d e  ( f e e t )

S  -  w a t e r s h e d  s t o r a g e  f a c r o r  d e f i n e d  i n  e q u a t i o n  ( 2 - 2 )

Y  =  ave rage  wa te rshed  s lope  (pe rcen t )

To  =  t ime  to  peak  (hou rs )

d  =  du ra t i on  o f  e f f ec t i ve  o r  i nc remen ta l  r a i n fa l l  ( hou rs )

T "  =  E ime  o f  concen t ra t . i on  (hou rs )

The  t rans lac ion  o f  che  runo f f  dep th  t o  an  ou t f l ow  hyd rog raph  i s  accomp l i shed

by  the  p rog ram us ing  the  cu rv i l i nea r  un i t .  hyd rog raph  o f  Haan  (1970 ) .  I t  i s

cha rac te r i zed  by  t he  equaE ions :

q ( t  )

where !

q ( t )  =  un i t  hyd rog raph  o rd ina te  a t  t ime  t ,

9p = Peak f low raEe,  and

C3  i s  a  pa rame te r  de f i ned  by  t he  equa t i on :

whe re :

Q -  6 )
qP

= 
h"(r-t ltP)]cacP



v = eprp[.-"-]"* r(crro) ( 2 - 7  )

V = runof f  vo lume (one inch for  unic  hydrograph),

f = ganuna funct.ion,

and ofher  parameters have been previously  def ined.

The SEDIMOT I I  computer  program l ras run for  Ehe waEersheds contr ibut ing to t .he

sed imen t  pond .  The  i npuc  ca l cu la t . i ons  and  resu l t s  a re  p resen ted  i n  Ac tachmencs

A ,  B ,  and  C .  Tab le  2 -1  summar i zes  t he  i npuE  and  resu l c i ng  peak  f l ows  fo r  t he

w a t e r s h e d s .

3.0 EVALUATION OF D(ISTING RI'NOFF STRUCTURES

3. I SEDII{E}TIATION POND

The  sed imen taE ion  pond  w i l l  r ece i ve  wa te r  f r om runo f f  f r om wa te rsheds  3

th rough  12  and  14  and  f rom p rocess  wa te r  f r om the  p repa ra t i on  p lan t .  As  shown

i n  T a b l e  2 - 1 ,  t h e  E o E a I  d r a i n a g e  a r e a  c o n t r i b u t i n g  t o  t h e  p o n d  i s  3 4 - 5 0  a c r e s .

Based on th is  area,  the weighted curve number to be used in che runof f

ca l cu la t i ons  i s  80 .  Us ing  these  va lues  and  che  1 .90  i nches  fo r  l 0  yea r -24  hou r

p r e c i p i c a t i o n  d e p t h  ( l t i l l e r  e t . a l . ,  1 9 7 3 ) ,  E h e  a n E i c i p a c e d  r u n o f f  v o l u m e  E o  b e

hand led  i n  Ehe  pond  i s  1 .49  ac re - fee t  ( see  A tcachmenc  A ) .

The  p rocess  wace r  vo lume  i s  based  on  a  so rs t - case  cond i c i on  whe re  a l l  wa te r

f rom the t .h ickner  tank,  j ig  sump, and c lar i f icat . ion tank Lrere able to be

discharged to the pond.  This sould resul t  in  a wolume of  142,300 gal lons of

wa t .e r  (0 .44  ac - f t ) .  I f  such  a  d i scha rge  were  to  occu r  f r om the  p1an t ,  t he

d i scha rge  sou ld  be  conveyed  v ia  t he  p roposed  and  ex i s t i ng  d i t ches  to  t he  sed imen t

pond  vhe re  i t  wou ld  be  t . r ea ted  p r i o r  t o  d i scha rge  i n  acco rdance  w ich  the  ex i sc ing

NPDES permiE.

The sedimenE wolume co be handled in  the sedimentacion pond is  based on

0 .1  ac re - foo t  pe r  ac re  d i s tu rbed  sed imen t  vo lume  fac to r .  Us ing  the  a reas  o f

sa te rsheds  p resen ted  i n  Tab le  2 -2 ,  t . he  t . o ta l  d i s tu rbed  d ra inage  a rea  i s  14

t .he

che

. 3 0- {

\)



Table 2-2

Summary of  Sediment  Volume Calculat ions

Di s turbed
l.Iatersheds

Di s curbed
Area

(  acres  )

Sed iment
VoIume
( a c - f t )

6

7

B

9

1 0

1 1

I 2

14

Toca l

4 .00

3 .  50

0 .90

1 .50

0 .  50

1 .00

2 .  10

0 .  B0

14 .30

0  . 4 0

0 . 3 5

0  . 0 9

0 . i 5

0 . 0 5

0 .  1 0

0 . 2 1

0 . 0 8

I  . 4 3



ac res .  The re fo re ,  t he  sed imen t  vo lume  requ i red  Eo  be  hande led  i n  t he  pond  i s

I . 43  ac re - feeE .  Assuming  the  pond  w i l l  be  c l eaned  when  60  pe rcen t  o f  che

sed imen t  capac i t . y  i s  reached ,  t he  c l eanouE  vo lume  i s  ca l cu la ted  to  be  0 .86  ac re -

f o o t .

The e levat ion-capacicy curve

At tachment  A.  This indicates that

the requi red sediment  and process

6 6 5 4 . 5  f e e t ,  t h e  d e c a n t  a t  6 6 4 9 . 5

6 6 4 7 . 5 5  f e e t .

o f  t he  sed imenEa t i on  pond  i s  l r esenced  i n

the  pond  w i l l  have  adequa te  capac i cy  co  n ' and le

and  runo f f  wace r  vo lumes  w ich  che  sp i l lway  a t

f e e E ,  a n d  t . h e  s e d i m e n E  c l e a n o u t  e l e v a t i o n  a t

The sed imenta t ion  pond sp i l lway  was eva lua ted  fo r  i t s  capac i ty  to  hand le  rhe

peak f low f rom the  25  year -6  hour  s to rm.  Based on  ca lcu laE ions  in  AEtachments
4

A  a n d  C ,  c h e  d e s i g n  f l o w  f o r  t h i s  e v e n t  w a s  1 0 . 3 4  c f s .  T h e  e x i s t i n g  l 8 - i n c h  C M P ' \ o r -  $
drop  in le t  sp i l l vay  u i l l  be  ab le  to  hand le  th is  f low under  we i r  cond i t ions  w i th  V tbD\
0 .62  fee t  o f  head.  The f reeboard  f rom the  pond embankment  c res t  to  the  head on  \ \
the  sp i l lway  f low ing  a t  des ign  depth  w i l l  be  1 .48  feec  \

- \

3 .2  DITCHES

The exis t ing d ivers ion f rom the nel r  porual r /p1anu expansion area to the

sed imen t .aE ion  pond  cons i sEs  o f  a  comb ina t i on  o f :

o Hal f - round Culver t  (24- inch)

o Concrete d icch

o Concrete d i tch v i t ,h  cobblestones.

The  capac i t i es  o f  each  c i f  Ehese  d i cch  sec t i ons  we re  de te rm ined ,  assuming  0 .3  f oo t

o f  f r e e b o a r d ,  E o  b e : 1 5 . 7  c f s  i n  t h e  c o n c r e t e  d i t c h ; 1 4 . 0  c f s  i n  c h e

conc re te / cobb les tone  d i cch ;  and  4 .1  c f s  i n  che  ha l f - r ound  cu l ve rc  secE ion  ( see

Attachment  A.  and Drawing 8-134 of  the SCCC permi t , ,  Volume 2,  page 4-2Ia) .  The

hal f - round culver t  sect ion is  Ehe l imi t ing f lor l  secEion of  the runof f  conveyance

sys tem.  The  pgak  f l ow  o f  r uno f f  i n  che  ha l f - r ound  cu l ve r t  sec t i on  i s  ca l cu laced

to  be  4 .8  c f s .  Based  on  ca l cu la t i ons  p resen ted  i n  AccachmenE A ,  t he  f r eeboa rd

rema in ing  to  hand le  che  des ign  f l os  i s  0 .25  fee t . .  A l chough ' ch i s  i . s  m in ima l l y



l ess  t han  the  des ign  f reeboa rd  o f  0 .3  f ooc ,  t he  ha l f - r ound

ove r top  du r i ng  the  des ign  even t  and  t . he re fo re ,  i s  cons ide red

c u l w e r t  w i I l  n o t

a d e q u a t e .

The  peak  f l os  ca l cu laced  fo r  che  downs t ream end  o f  t . he  conc re te  and

conc reEe /cobb lescone  d i t ch  sec t i on  i s  8 .3  c f s .  As  i nd i ca ted  above r -_  t he  capac iEy

o f  t h e s e  d i t c h e s  i s  s u f f i c i e n t  t o  c o n v e y  t h i s  f l o w w i t h  g r e a t e r  c h a n  0 . 3  f e e c  o f

f reeboard.

3.3 CI'LVERTS

The  conveyance  cu l ve r t  f r om the  end  o f  t he  conc rece  d iEch  sec t i ons  t o  Ehe

sed imenEaE ion  pond  cons i sEs  o f  a  24 - i nch  CMP cu l ve rc .  The  des ign  f l ow  ca l cu la ted

f o r  t h i s  s t r u c t u r e  i s  8 . 5  c f s  ( s e e  A t c a c h m e n t s  A  a n d  B ) .  T h e  c a p a c i c y  o f  c h e  2 4 -

i n c h  c u l v e r t  i s  1 2 . 8  c f s  ( s e e  D r a w i n g  8 - 1 3 4  o f  t h e  S C C C  p e r m i t ,  V o l u m e  2 ,  p a g e

4 -2La ) .  Thus ,  t he  cu l ve r t  sec t i on  i s  adequa te  co  convey  the  des ign  f l ow .

4.0 DESIGN OF NEW RIINOFF CONTROL STRUCTURES

4.1 DIVERSIONS

To convey the col lecced runof f  f rom che porEal  and p lant  expansion areas

d i ve rs ion  d i cches  w i l l  be  cons t ruc ted  ad jacen t  t o  t . he  p roposed  counEy  road

real ignment  Eo convey Ehe runof f  to  the ex is t ing d ivers ion st ructures.  As showa

o n  E x h i b i c  1 0 . 2 . 4 - 1 ,  f o u r  n e w  d i v e r s i o n  d i c c h e s  w i l l  b e  i n s t a l l e d -  T h e  d e s i g n

and s iz ing calculat ions for  these d ivers ions are present .ed in  At tachment  A.  Ic

i s  p roposed  thau  D i t ches  l i 1  and  1 t2be  cons t ruc ted  us ing  ha l f - r ound  cu l ve rc .  As

ind i ca ted  i n  A t tach rnen t  A ,  t he  m in imum s i ze  o f  che  ha l f - r ound  cu l ve r t  shou ld  be

l8 - i nches .  SCCC has  some 24 - i nch  ha l f - r ound  cu l ve rc  ma te r i a l s  on  s i ce .  Th i s

ma te r i a l  cou ld  be  used  fo r  t he  d i t ches  un t i l  t he  supp l y  i s  dep leced  then  the

d i t ches  can  be  E rans i t i oned  to  18 - i nch  ha l f - r ound  cu l ve rEs .

Di tches #3 and 1t4 are proposed to be construct .ed as t r iangular  ear then

d i t ches .  As  i nd i ca ted  i n  A t tachmenE A ,  t he  d iEches  w i I I  be  cons t ruc red  w i th

2H: lV  s ides lopes  and  w i l l  be  app rox imace l y  I  f oo t  deep .  Th i s  w i l l  p rov ide

adequa te  capac i t y  f o r  t he  10  yea r -6  hou r  des ign  peak  f l ow .



4.2 CULVERTS

F o u r  c u l v e r t s  w i l l  b e  i n s t a l l e d  a s s o c i a t e d  w i c h  c h e  n e w  e x p a n s i o n  a r e a .  O n e

w i l l  be  i ns ta l l ed  unde r  Ehe  counEy  road  ( see  Append i x  B )  and  one  each  unde r  t he

th ree  access  roads  to  Ehe  p lan t .  and  po r t . a l  a reas .  Cu lwe r t s  1 ,  2 ,  and  3  we re

s i z e d  b a s e d  o n  t h e  p e a k f l o w s  f r o m  t h e  c o n t r i b u r i n g  d i t c h e s .  B a s e d  o n

ca l cu laL ions  p resen t ,ed  i n  A t t , achmenc  A ,  i t  i s  r ecommended  tha t  t hese  cu l ve r t s

h a w e  a  m i n i m u m  s i z e  o f  1 8 - i n c h e s .  C u l v e r L  t f 4 '  s  d e s i g n  a n d  s i z i n g  i s  a d d r e s s e d

in  Append i x  B .
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106 HYDRAULIC AND EXCAVATION TABLES

' fab l2L. -Uni fornt  
t low in  c i rcu lar  sec l ions fou ing par t ly  lu I I

PROJECT

COMPUTED

Q:fiischarge in second-feet b-5r Man-
ning's forrrula

a : I\'I annin g's coe{Iicien t
.S:Slope o( thc chnnnel bottom and o(

the rvater surfacc

___@_
Dutsrl2

d

D
A
D'

A
D'

Q nR
D

Qr
DwSIn

R
D

0 . 0 1
0. 02
0 .0 t
0 .01
0 .06
0 .06
0 .0?
0 .08
0 .09
0.  l0
0. i l
0 .  12
0. lt
0. l{
0. 16
0.  t0
0.  l?
0. t8
0. l0
0 .20
0 .21
0 .22
0.28
0.u
0 .2 [
0 .20
4.27
0.28
0.2t
0.30
0.  t1
0.32
0. rt
0. E{
0. l5
0.30
0. e?
0.3u
0.30.
0. t0
0" tt
0. t2
0. tt
0. ll
0. t!
0. t0
0.  t t
0. t8
0. tt
0 .60

0.00r3
0.0037
0.0060
0 .0105
0.  0t  {7.
0 .0192
0.0242
0.02s4
0.0350
0.0{00
0.0{70
0.053.r
0.0000
0.0668

0.0739
0. 081 I
0.0885
0.0061
0 .1030
0 .  l l lS
0. I 199
0 .1281
0. 1365
0. l44s
0 . 1 5 3 5
0. 1023
0.  lT l l
0. 1800
0. 1890
0. 1082
0.n74
0 .2167
0.2200
0.2356
0.2450
0.2546
0.2642
0.2730
0.2436
0:2rr3{
0.11032
0.3130
0.3220
0. 33a
0.3428
0.35n
0.3627
0.3721
0.3827
o.lsn

0.0066
0 . 0 1 3 2
0 . 0 t 0 7
0.0202
0.0325
0.0389
0 .0451
0 .0513
0.0575
0.0035
0.0605
0 .0755
0 .08 r3
0.087t
0.0029
0.0985
0.  1042
0. 1007
0 .  l r 52
0.1200
0. 1259
0.  l3 t2
0. r364
0.  l {16
0. t,t66
0 .  l 5 r0
0. 1560
0.  l614
0. 1662
0. 1709
0. 1756
0. 1802
0. l8{7
0.  t80l
0. 1935
0. 1978
0.2020
0.2062
o .2 to2
0.2t12
0.2t82
0.2?,20
0.2258
0.2295
0.2J31
0.2360
0.2{01
0 .2 {J5
0.2{(a
0.2500

.00007

.0003 r
0rn7{
00138
00?.22

r 5 . 0 4
10.57
8. 56
-7.3{l

6. 55
5 .05
5- 47
5 . 0 9
4.7f i
{ . . t 0
4 . 2 5
4.0.1
3. 86
3 .69
3. s4
3 .4 r
3.28
3.  l7
3- 06
2 .96
2 .87
2 . 7 9
2 . 7 r
2.63
2- 56
2.41J
2-42
2.36
2.30
2,25
2 .m
2. t4
2 .00
2 .05
2.00
l .  958
1 . 9 1 5
1 .875
t .835
t .797
1 .700
t .724
1.689
l-  655
t .622
1 .590
t . 5 5 0
l. 530
1.500
1 .471

0 .6 t
0 .32
0 .6 t
0 .6 t
0.65
0 .66
0 . 5 7
0.58
0 .50
0. 80
0 . 6 t
0 .0?
0 .63
0 .6 r
0 .65
0 .60
0. 8t
0.ott
0. 00
0. ?0
0.  z l
0 .72
0. ?t
0. ?(
0. ?t
0. ?8
0. ?7
0. ?8
0. ?9
0.80
0 .81
0 .8?
0.8t
0.81
0. E5
0 .80
0. E?
0.8E
0.89
0. e0
0 . 0 1
0 .0?
0- tt
0. tt
0. tt
0 .86
0 . 9 1
0 .08
0 .00
1 .00

0.40n
o.4t27
o.4227
o.4327
0.4426
0. {526
0. {625
0.4724
o.4822
0 .40m
0.50 r8
0 . 5 r  l 5
o.5212
0.5308
0.5404
0.5{09
0. 550{
0.5087
0.5780
o.5872
0.5964
0.605{
0 .61 {3
o-623r
0.0:i l9
0.M05
0. &89
0.6573
0.6655
0.6736
0.6815
0. ctr93
0- 0060
0.70{3
0-  7115
0 .7186
o.7254
0.73?o
0.738{
0.7145
0.750{
0. ?560
0 .7612
0.7662
o.7707
o.7745
0.7785
0.  7817
0.78{ l
0. ?85{

0.2531
0.2562
0.2502
9.2621
0.2040
0.2676
o.2703
0.2728
o.2753
o.2778
0.2700
0.282t
o.28.12
O.2't)2
o.?882
0.2900
o .2g t7
0.2033
0.2s{8

o-m62
o.m75
0.2987
0.2998
0.3008
0 .3017
o.3024
0.303r
0.3036
0.3039
0.30{2
0..30{3
0.30{3
0.30{ l
0.3038
0.3033
0.3026
0.3018
0.3007
0- 20s5
0.2080
0.2063
o.2944
0.2921
0- 2895
0.2805
0.2820
o.n87
0.2735
0.2006
0.2500

0.230
0 .247
0. 2ir5
0.203
0 .27  |
o-279
0.247
0.205
0.303
0 . 3 t  I
0 . 3 1 0
0.327

.  0.335
0.343
0.350
0 .358
0.366
0.373
0.380
0.388
0.305
0 .402
0.409
0 . 4 1 6
0.422
0.420 .
0. {35
0 .441
o.447
0.,{53
0 .458
0. {&l
0. {68
o. {73

'o .477
0.481
.0. {85
0. {88
0.40r
0. {04
0.406
0..197
0. {98
0. {98
0.408
0.408
0. {9.1
0.480
0.483
0.463

1 .442
1 . 4 1 5
l. 388
1.  302
l .  336
r . 3 l  l
1. 286
1.262
1. 238
t . 2 1 5
l . 1 0 2
t . 1 7 0
1 .  1 {8
l . 1 2 6
l .  105
l. 084
1 .06 {
l .  04 {
1 .02 {
1 .004
0.985
0.965
0. s{7
0.928
0 . 0 1 0
0 .891
0.873
0.856
0.838 ,

0.821
0.804
0.787
0.770
0.753
0.736
o.7n
0.703
0.687
0.070
0.05{
0.037
0 .621
0.60{
0.588
0. 57t
0.653
0.535
0.  617
0. {96
0. {Gl

.00328
00{55
00604
00775
00067
0r  t 8 l
0t . t  l7
0t674
01c52

0.0225
0.0257
0.0201
0.0327
0.0365
0.0400
0.0{48
0.0.192
0.0537
0.0585
0.003.1
0.0b86
0.073e
0.0793
0.0849
0.0907
0.0906
0. 1027
0 .1080
0.  l l53
0.  l2 l8
0.1214
0.  l35 l
0. l{20
0. l{00
0. l50l
0. 1033
0. 1705
0. r779
0. 1854
0.1929
0.201
0.2{J8
0 . 2 1 0
0.t24
0.232
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Circular Channel Analysis & Design
Solved wi th Manning 's  Equat ion

. , t

Open Channel - Uni-form flow

Worksheet  Name: Spi l lway out le t

Comment:  Sed.  Pond Spl l lway Out let

Solve For Actsual Depth

Given Input  Data:
D i a m e t e r  1 . 5 0  f t
S lope  O .O22O f t / f t
Mann ing ' s  n .  .  0 .024
D ischa rge  10 .34  c f s

Computed Resul ts :

l , lorksheet  does not  have calculated resul ts .  .  .

D, s c 4.+z&E-e6z ft-T'€ /* ' la"o l t'g 'Jt\'-'t

t lubL€- -

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad Methods, Inc. *  37 Brookside Rd * I^Iaterbury, Ct 06708
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EARTHFAX ENGINEERTNG, INC.
Circu lar  Drop- in1et  Spi I IwaY

Flow Determinat ion

Calcu lat ion inputs for :
Sold ier  Creek -  Faci l i t ies Pond Spi l lway

We i r  f l ow :

Wei- r  coef  f  ic ient :
Diameter  of  r iser :

Or i f i ce  f l ow :

o r i f i ce  coe f f i c i en t :

P ipe f low:

Length of  hor izonta l  p ipe:
Height  o f  the r iser :
Tota l  length of  p ipe:
Height from inl-et to bottom of outlet:
Diameter  of  hor izonta l  p ipe:
Manning 's  n for  p ipe:
Head loss coef f ic ient :
Entrance factor  (Ke)  for  p ipe:
Bend factor  (Kb)  for  p ipe:

S ing le  P ipe

Head
o .  00
o .  1_o
0 .20
0 .30
0 .40
o .  50
0 .60
0 .70
o .80
0 .90
L .  oo

Weir f low
0 . 0 0 0
0 . 3 3 5
0 . 9 4 8
L . 7  4 2
2 . 6 8 2
3 . 7 4 9
4 . 9 2 8
6 .21 ,O
7  . 5 8 7
9 .  O 5 3

1 0 .  6 0 3

or i f i ce  f l ow
0.  ooo
2 . 7 3 5
3 . 8 6 9
4 . 7 3 8
5 . 4 7 L
6 - L L 7
6 . 7  0 1
7  - 2 3 7
7 . 7 3 7
8 . 2 0 6
8 . 6 5 0

3 .  0 0
1 . 5 0  f t

0 .  6 t -

9 7 . O O  f t
1 0 . 0 0  f t  *  !  *

1 _ 0 7 .  O O  f  t
1 1 .  0 0  f t

1 . 5 0  f t
o . 0 2 4
o . o 6 2

1 .  O O
0 .  5 0

Pipe  f low
0 .  0 0 0

L 5 . 6 2 2
1 - 5 . 6 9 2 '
L 5 . 7  6 2
1 5 . 8 3 2
1 5 . 9 0 1
] . 5 . 9 7  0
1 6 . 0 3 9
1 6  .  r O 7
L 6  . 1 7  5
L 6 . 2 4 3
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Circular  Channel  Analys is  & Design
Solved wi th Manning 's  Equat ion

Open Channel - Uniform flow

Workshee t  Name:  D i t ch -1 -18

Comment:  Expansion Area -  Di tch-1 18- inch Hal f  Round

Solve For Actual Depth

Given Input Data:
D i a m e t e r  1 . 5 0  f t
S l o p e  0 . 0 4 4 0  f r / f t
M a n n i n g ' s  n . . . . . . .  0 . 0 2 4
D i s c h a r g e  0 . 6 7  c f s

Computed Resul ts :
D e p t h  0 . 2 4  f x
V e l o c i t y  3 . 6 4  f p s
F lo r , r  A rea  0 .18  s f
C r i t i c a l  D e p t h . . . .  0 . 3 0  f t
C r i t i c a l  S l o p e . . . .  O . O L l 2  f t / f t
P e r c e n t  F u l 1 . . . . . .  1 6 . 0 9  t
F u l l  C a p a c i t y . . . . .  1 1 . 9 4  c f s

Q M A X  € . 9 4 D .  L 2 . 8 4  c f s
F r o u d e  N u m b e r . . . . .  L . 5 7  ( f I o w  i s  S u p e r c r i t i c a l )

Open Channel Flow Module, Version 3.2 (c) 1990
Haestad  Methods ,  Inc . ,v  37  Brooks ide  Rd *  Waterbury ,  Ct  06708
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Circular  Channel  Analys is  & Design
Sol-ved wi th Manni-ng 's  Equat ion

Open Channel - Uniform flov

Workshee t  Name:  D i cch -1 -24

Comment:  Expansion Area -  Di tch-1-  24- inch Hal f  round

Solve For  Actual  Depth

Given Input  Data:
D iame te r  2 .00  f c
S lope  0 .0440  f t / f t
M a n n i n g ' s  n . .  0 . 0 2 4
D i s c h a r g e  0 . 6 7  c f s

Compu ted  Resu l t s :
D e p t h  0 . 2 2  f t
V e l o c i t y .  3 . 5 1  f p s
F l o w  A r e a  0 . 1 9  s f
C r i t i c a l  D e p t h . . . .  0 . 2 8  f t
C r i c i c a l  S l o p e . . . .  0 . 0 1 6 5  f t / f x
P e r c e n t  F u l I .  1 1 . 1 2  t
F u l l  C a p a c i t y . . . . .  2 5 . 7 0  c f s

Q M A X  G . 9 4 D .  2 1 . 6 5  c f s
F roude  Number  1 .59  ( f l ow  i s  Supe rc r i t i ca l )

Open Channel  F low Module,  Vers ion 3.2 (c)  1990
Haescad Mechods,  Inc.  *  37 Brookside Rd *  Wauerbury,  Cc 06708
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Circular  Channel  Analys is  & Design
Solved wi th Manning 's  Equat ion

Ooen Channel - Uniform flow

W o r k s h e e t  N a m e :  D i t c h - 2 - 1 8

Comment:  Expansion Area -  Di tch-2 18- inch Hal f  Round

Solve For  Accual  Depth

G iven  Inpu t  Da ta :
D i a m e t e r  1 . 5 0  f t
S l o p e  0 . 0 1 9 0  f x / f t
M a n n i n g ' s  n .  .  0 . 0 2 4
D i s c h a r g e  1 . 8 3  c f s

C o m p u t e d  R e s u l  t s :
D e p t h  0 . 4 9  f t
V e l o c i c y  3 . 6 2  f p s
F l o w  A r e a  0 . 5 1  s f
C r i t i c a l  D e p t h . . . .  0 . 5 1  f t
C r i t i c a l  S l o p e . . . .  0 . 0 1 6 8  f E / f t
P e r c e n t  F u 1 l .  3 2 . 8 6  *
F u l l  C a p a c i t y . . . . .  7 . 8 4  c f s

Q M A X  G . 9 4 D .  8 . 4 4  c f s
F roude  Nurnbe r  1 .06  ( f l ow  i s  Supe rc r i t i ca l )

Open  Channe l  F Iow  Modu le ,  Ve rs ion  3 .2  (e )  1990
Haestad Methods,  Inc.  *  37 Brookside Rd *  t r Ia terbury,  Ct  06708
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Circular  Channel  Analys is  & Design
So lved  w i th  Mann ing ' s  Equa t i on

Open Channel  -  Uni form f low

I , Iorksheet  Name: d i tch-2-24

Comment:  Expansion Area -  Di tch-2 24- inch Hal f  Round

Solve For Actual Depth

Given InpuL Data:
D i a m e t e r  2 . 0 0  f t
S lope  0 .  0190  f r . / f  t
M a n n i n g ' s  n . . . . . . .  0 . 0 2 4
D i s c h a r g e  1 . 8 3  c f s

CompuEed Resul ts :
Dep th  0 .44  f t
V e l o c i t y  3 . 5 2  f p s
F l o w  A r e a  0 . 5 2  s f
C r i t i c a l  D e p t h . . . .  0 . 4 1  f t
C r i t i c a l  S l o p e . . . .  0 . 0 1 5 3  f t / f t
P e r c e n t  F u l l . . . . . .  2 2 . 2 3  *
F u l l  C a p a c i t y . . . . .  1 6 . 8 9  c f s

Q M A X  G  . 9 4 D .  1 8 . 1 7  c f s
F roude  Number .  .  .  .  .  1 .11  ( f l ow  i s  Supe rc r i t i ca l )

Open Channel  F low Module,  Vers ion 3.2 (c)  1990
Haes tad  Me thods ,  I nc .  *  3 l  B rooks ide  Rd  *  Wa te rbu ry ,  C t  06708
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I r iangu lar  Channe l  Ana lys is  &  Des ign
Open Channe l  -  Un i fo rm f low

Worksheet  Name:  D i tch  3

Comment :  Expans ion  Area D i tch  #3  -  F i I I  Sec t ions

So1ve For  Depth

Given Input  Data :
L e f t  S i d e  S 1 o p e .  .  3 . 0 0 :  l -  ( H : V )
R i g h t  S i d e  S l o p e .  3 . 0 0 : 1  ( H : V )
M a n n i n g ' s  n  .  O . O 3 o
C h a n n e l  S l o p e . . . .  O . 0 2 6 0  f t / f t
D i s c h a r g e . . . . . . . .  O . 9 4  c f s

Computed Results:
D e p t h  0 . 3 6  f t
V e l o c i t y  2 . 4 5  f p s
F l o w  A r e a  0 . 3 8  s f
F l o w  T o p  W i d t h .  .  .  2 . L 5  f t
W e t t e d  P e r i r n e t e r .  2 . 2 6  f t
C r i t i c a l  D e p t h . . .  0 . 3 6  f t
C r i t i c a l  S l o p e . . .  o . 0 2 4 9  f L / f t
F r o u d e  N u m b e r . . . .  I . o 2  ( f l o w  i s  S u p e r c r i t i c a l )

Open Channe l  F low Modu le ,  Vers ion  3 .2  (c )  l -990
Haestad  Methods ,  Inc .  *  37  Brooks ide  Rd *  WaterburY,  c t  06708
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Tr iangu lar  Channe l  Ana lys is  &  Des ign
Open Channel -  Uniform f low

Worksheet Name: Ditch 3 -  cs

Comment:  Expansion Area Ditch #3 - Cut Sect ion

Solve For Depth

Given fnput  Data :
L e f t  S i d e  S l o p e .  .  3 .  O O : 1  ( H : V )
R i g h t  S i d e  S l o p e .  1 . 2 5 2 L  ( H : V )
M a n n i n g ' s  n  O .  O 3 O
C h a n n e l  S l o p e . . . .  O . 0 2 6 0  f t / f t
D j - s c h a r g € . ; . . . . . .  O - 9 4  c f s

Computed Resu l ts :
D e p t h  0 . 4 1  f t
V e l o c i t y  2 . 5 9  f p s
F l o w  A r e a  0 . 3 6  s f
F l o w  T o p  W i - d t h . . .  L . 7 6  f t
W e t t e d  P e r i m e t e r .  L . 9 7  f t
C r i t i c a l  D e p t h . . .  O . 4 l -  f t
C r i t i c a l  S l o p e .  .  .  o .  0 2 5 8  f t / f L
F r o u d e  N u m b e r . . . .  1 , . 0 0  ( f  l o w  i s  c r i t i c a l )

O p e n  C h a n n e l  F l o w  M o d u l e ,  V e r s i o n  3 . 2  ( c )  1 9 9 0
Haestad Methods, Inc. *  37 Brookside Rd ' t  Waterbury, Ct 06709
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Tr iangu lar  Channe l  Ana lys is  &  Des ign
Open Channe l  -  Un i fo rm f low

Worksheet  Name:  D i tch  4- fs

Comment :  Expans ion  Area n i tch  #4  F i I l  Sec t ion

So1ve For Depth

Given Input Data:
L e f t  S i d e  S l o p e . .  3 . 0 0 : 1  ( H : v )
R i g h t  S i d e  S l o p e .  3 .  O 0 :  L  ( H : V )
M a n n i n g ' s  n  .  0 . 0 3 0
C h a n n e l  S l o p e . . . .  0 . 0 3 7 0  f t - / f t
D i s c h a r g e . . . . . . . .  1 . 3 0  c f s

Computed Resu l ts :
D e p t h  o . 3 B  f t
V e l o c i t y  3 . 0 3  f p s
F I o w  A r e a  0 . 4 3  s f
F I o w  T o p  W i d t h . . .  2 . 2 7  f t
W e t t e d  P e r i m e t e r .  2 . 3 9  f t
C r i t i c a l  D e p t h . . .  O . 4 l -  f t
C r i t i c a l  S l o p e .  .  .  O . O 2 3 9  f t l f t
F r o u d e  N u r n b e r .  . .  .  1 , . 2 3  ( f  l o w  i s  S u p e r c r i t i c a l )

Open Channel  FIow Module,  Vers ion 3.2 (c)  l -990
Haestad Met t rods,  fnc.  *  37 Brookside Rd *  Waterbury,  Ct  06708
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Circular Channel  Analysis & Design
Solved wi th  Manning 's  Equat ion

open Channel - Uniform flow

Worksheet Name: Ditch-2-l-8-I

Comment: Expansion Area - Ditch-2 18-inch Half Round -

Solve For Actua1 Depth

Given fnput Data:
Diameter  l - .  50 f t
S lope  o .o22o  f t l f t
Mann ing ' s  n  o .O24
D ischa rge . . . .  3 . 54  c f s

Computed Results:
Dep th  0 .68  f t
Ve loc i t y  4 .57  f ps
F Iow Area  O .78  s f
C r i t i ca l  Dep th . . . .  o . 72  f t
C r i t i ca l  S lope . . . .  O .o18O f t / f t
Pe rcen t  Fu lL  45 .18  eo
Fu I1  Capac i t y  8 .44  c f s
QMAX @.94D 9 .  08  c f s
Froude Number 1.1-2 ( f l -ow is  Supercr i t ica l )

Open Channel  FIow Module,  Vers ion 3.2 (c)  1990
Haestad Methods,  Inc.  *  37 Brookside Rd *  Waterbury,  Ct  06708
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c i rcu la r  Channe l  Ana lys is  &  Des ign
So lved w i th  Mann ing 's  Equat ion

Open Channe l  -  Un i fo rm f low

Worksheet Name: Ditch-2-24-I

Comment: Expansion Area - Ditch-2 24-inch Half Round

Solve For Actual Depth

Given Input Data:
Dianeter
Slope
Manningts  n
Discharge.  .  .

Cornputed Results:
Depth
Velocity
Flow Area
Cr i t i ca l  Dep th . . . .
C r i t i ca l  S1ope . . . .
Percent FuIl
FuIl Capacity
QMAX e .94D
Froude Number

2 .  O O  f t
o  .  o 2 2 o  f t l  f t
o . 0 2 4
3 . 5 4  c f s

0 . 6 0  f t
4 - 4 8  f p s
O . 7 9  s f
0 . 6 6  f t
o .  0 1 5 2  f t /  f t

2 9  - 9 2  z
L 8  -  1 8  c f s
1 9 . 5 5  c f s

l . 2 O  ( f  l o w  i s Superc r i t i ca l  )

open Channel  FIow Module,  Vers ion 3.2 (c)  1990
Haestad Methods,  Inc.  *  37 Brookside Rd *  Waterbury,  Ct  06708
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-r-i<:k:k:t-i.'*?k>?{-*!t*>?:t-**-****-,'.*:?*:!:k*-:?:t*-**^r*2?:?:';:t:?*:'<f<:k:';'*J::k*:k**-*-.t*-*:'.-:k*-:l-:k:?*:?:1-

- -  S E D P C  - -
SEDIMOT II MODEL FOR THE IBM PCIXT
COWERTED BY TECH ENGINEERING INC.

VERSTON 1.10  NOVEMBER 17,  1983

TJNIVERSITY OF KENTUCKY COMPUTER MODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE IIK MODEL IS A DESIGN UODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIHENT RESPONSE FROM SURFACE
MINED LANDS FOR A SPECIFIED RAINFALL EVENT (STUCIN STORM)

VERSION DATE 9-23-83

DISCLAIMER: NEITHER THE TINIVERSITY
ACCEPT ANY RESPONSIBILITY OR LEGAL
CONCLUSIONS DRAWN FROM THE RESULTS

NOR ANY OF ITS EMPLOYEES
LIABILITY FOR THE
OF THIS MODEL

****=Jr***********-*'ir***-:bbhl:t****:k*:bt'******-***J.**:k:?:?:t-**:?*-**:t-i.-:*-*:k:?*:'.

*-j<Jr**'j<'*'j<-*'**r*:?**-*Jr-+**:ht'.?{"j<*'}****:?*)kz?:t?k*****:k'}**J<:t:?:?:hk:t*:k***:k**-**-*^,'.-

*

THE FOLLOWING VALUES ARE NOW PREDICTED BY SEDIMOT II.
THEY CAN BE FOTIND IN SI'MMARY TABLES.

1. PERIOD OF' SIGNIFICANT CONCENTRATION
2. VOLWE T.IEIGHTED AVERAGE SETTLEABLE CONCENTRATION

DURING PERIOD OF SIGNIFICANT CONCENTRATION
3. VOLTII{E WEIGHTED AVEMGE SETTI,EABLE CONCENTRATION

DURING PEAK 24 HOUR PERIOD
4. ARITHMETIC AVEMGE SETTLEABLE CONCENTRATION

DURING PERIOD OF SIGNIFICANT CONCENTRATION
5. ARITI{I,{ETIC AVERACE SETTLEABLE CONCENTRATION

DURING PEAK 24 HOUR PERIOD

ALL CONCENTMTIONS ARE IN l{L/L.



WATERSHED IDENTIFTCATION CODE

SCCC - FACTILITIES AREA RTJNOFF CONTROL - 10 YR-6 HR STORM

******ak-k-:-lrJr******'k** INPUT MINFALL PATTERN :b?*:?:?;?-r-s*--r:l-'jr'*'!:1"*'*'t*'l

VALUE DEPTH TIME

I
2
3
4
5
6
7
8
9

1 0
1 1
t 2

. 0 5

. 1 2

. 2 0

. 3 5

. 9 1
I  . 0 6
1 . 1 9
1 . 2 7
1 . 3 5
1  . 4 1
I  . 4 7
t . 5 2

. 50
I  . 00
1 .50
2 .00
2 .50
3 .00
3 .  50
4 .00
4 .50
5 .00
5 .50
6 .00

*:k*'**"*-k*******Jr'*Jr*-**-:-INPUT

STOR},I DIIRATION
PRECIPITATION DEPTH

VALUES*i-*Jr-*-k'3-k-**:t'ir*J<**-**-*:-L-*

6.OO HOURS
T . 5 2  I N C H E S

N4,

Nw'
qn/o*

,,fq



JUNCTION I ,

>'r :'; :? * -* *- :'r * -: * * -* :k * -*

BRANCH 1, STRUCTURE 1
-:- -:. -!.

*';;'ir** RESULTS FROM SUBWATERSHED | :k**-*-*-

*** HYDROGMPH AND
(rwo colrsEcurrvg

SEDIMENT $tu{pfl **:t
VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1  . 00
1 .20
1  . 40
1 .60
1  . 80
2  . 00
2 -20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .80
5  . 00
5 .20
5  . 40
5 .60

*** HYDMULIC

DISCHARGE ****-;r*^r TIME
(HR)(cFs)

DISCHARGE
( cFs)

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 1 1
1 . 1 5 6

. 4 5 8

. 5 4 0

. 5 3 3

. 5 9 0

. 6 4 3

. 4 r 9

. 4 3 8

. 4 5 7

. 4 7  5

. 4 9 3

. 3 8 0

. 3 9 0

. 3 9 9

. 4 0 9
-  4 1 8
. 3 5 5

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0
-  0 0 0
. 4 8 6
. 4 1 5
. 4 9 9
. 5 7  9
. 5 6 2
. 6 L 7
, 4 0 9
. 4 2 8
. 4 4 7
. 4 6 6
. 4 8 4
. 3 7  5
. 3 8 5
. 3 9 5
. 4 0 4
. 4 1 3
. 3 5 2

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1 . 3 0
1 . 5 0
1 . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 . 1 0
3 .  3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 . 3 0
4 .  5 0
4 . 7 0
4 . 9 8
5 . 1 0
5  . 3 0
5 . 5 0
5 . 7 0

INPUT VALUES FOR SUBWAf[ft$tI[P$ *:;*-

WATER
SHED

AREA CURVE
ACRES NI'UBER

TC
HR

TT ROUTING COEFFICIENTS UNIT
HR K-HRS X HYDRO

9 . 9 0  7 5 . 0 0 . 0 6 0 . 0 3 0 . 030  . 37  . 0



>! * .* COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ .* .,'< .-'T

WATERSHED PEAK FLOW RUNOFF
(cFS)  (  rucHns)

1  1 . 1 6  . 1 7

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

rot-*** SIIMMARY TABLE FOR TOTAL WATERSHED -,k**-:.-*-

RIJNOFF VOLTJME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 1 4 3 5  A C R E - F T
-  1 . 1 5 5 6  C F S
_  9 . 9 O O O  A C R E S
=  2 . 5 0  H R S

NULL STRUCTURE



JUNCTTON 1, BRANCH 2, STRUCTURE 1

*:?:k:k*- RESULTS FROM SUBWATERSHED 1 -;--**-:k*

**-* HYDROGRAPH AND SEDIMENT GRI\PH .}**

(TwO CONSECUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.50

.80
I  . 00
I  . 20
1  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 ,00
3 .  20
3  . 40
3 .60
3 .80
4 .00
4 .20
4 .40
4 .60
4 .80
5  . 00
5 .20
5  . 40
5  . 60

DISCHARGE'j:;t;::!;!*:k TIME DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 1 2

. 0 4 0

. 2 9 6

. 5 2 4

. 6 7 0

. 1 9 3

. 1 9 9

.  1 7 8

. 1 8 2

. 1 8 6

.  1 1 6

.  1 1 8

.  1 1 9

. 1 2 0

. 1 2 1

. 0 9 2

. o 9 2

. 0 9 3

. 0 9 3

. 0 9 4

. 0 7 9

( C F S ) ( H R )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0
-  000
. 0 0 0
. 0 2 7
. 0 5 3
-424
. 6 0 5
. 1 8 9
.  1 9 6
.  2 0 3
. 1 8 0
. 1 8 4
.  1 1 6
. 1 1 7
.  1 1 8
. 1 2 0
. tz |
.  091
.o92
.093
.093
.094
.079

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 .  1 0
1 . 3 0
1 . 5 0
1 . 7 0
1 . 9 0
2 . 1 0
2  . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 .  3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 . 1 0
4 . 3 0
4 .  5 0
4 . 7 0
4 .  9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 . 7 0

*** TJY'DTU\ULIC INPUT VALUES FOR SUBWATERSHEDS *.**

WATER
SHED

AREA
ACRES

CURVE
NU},IBER

TC
HR

TT ROUTING COEFFICIENTS UNIT
HR K-HRS X HYDRO

1  . 00 90 .00 .090 .000 .000  . 00  . 0



>'r '* :? COI,IPUTED VALUES FOR INDMDUAL L|ATERSHED$ :t * :';

I.JATERSHED PEAK FLOW RUNOFF
(cFS) (  rucues)

r  . 67  . 70

NOTE: SEDIUENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

rr**-+:k SIJMMARY TABLE FOR TOTAL WATERSHED '.';:k;!-,'<:k

RIINOFF VOLI'ME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .0583 ACRE-FT
=  . 6 6 9 9  C F S
-  l .  O O O O  A C R E S
=  2 . 5 0  H R S

NULL STRUCTURE



* * * * - * ' * : ? : t - i r * * * *

JIINCTION 2, BRANCH 1,
* * * :k :1- -* -s :? -* a$ -; -r :'r

r!- r.- r.-

STRUCTURE 1

***-f* RESULTS FROM SUBWATERSHED | -.1--...-:r:k*

*** HYDROGRAPH AND SEDIUENT GR_APH ***
(TwO cOITSEcUTIvE VALUES PER LINE)

TIUE
(sn)

. 00

.20

.40

.50

.80
1 .00
1 .20
1  . 40
1 .  60
1  . 80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .  B0
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5 .20
5  . 40
5  . 60
5  . 80
6 .00
6 .20
6  . 40
6  . 60
6 .80
7  . 00
7 .20

.000

.000

.000

.000

.000

.000

.000

.000

.000

.013

.072

.366
1 .130
I . 712
1 .315
1 .014

.968

.  BB3

.804

.637

.544

.519

.502

.487

.43 r

.  399

.  390

.384

.37  7

.349

.332

.259

.  121

.070

.041

.020

.007

DISCHARGE *'*':':-k*:3 TIME
( cFS)  *  (Hn)

DISCHARGE
( cps )

. 0 0 0

. 0 0 0
-  0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
. 0 0 0
. 0 3 7
.  1 5 0
. 7  3 6

r . 4 9 5
|  . 6 2 3
1 . 1 0 6
1 . 0 0 0

. 9 2 3

. 8 4 7

. 7 2 9

. 5 7  5

. 5 3 1

.  5 1 0

. 4 9 6

. 4 6 3

.  4 1 0

. 3 9 4

. 3 8 6

.  3 8 1

. 3 6 5

. 3 3 8

. 3 1 5

.  1 7 8

. 0 8 8

. 0 5 5

. 0 3 0

. 0 1 3

. 0 0 3

. 10

.30

.50

.70

.90
1 .10
I  . 30
1 .50
1 .70
I  . 90
2 .  10
2 -30
2 .50
2 .70
2 .90
3 .  10
3 .30
3 .  50
3 .  70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .  90
5 .  10
5 .30
5 .50
5 .70
5  . 90
6 .10
6  . 30
6 .50
6 .  70
6 .90
7 .  r 0
7  . 30



:..-.*.ji:..-*.:..-...<:..-:l-*:t:1^**;k.*:k.l:t)t.l^:.:-:k.:*.:.:.j.j..>.r.}.,..->?*:!.l-.}:....}:k****-:k:1-*.***.j.,:t*,

BETA IS NEGATIVE I,JHICH INHERENTLY INDICATES THAT THE
STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILTIA},TS'  TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01.  rF THE USER WISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREAH DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

T,IATER
SHED

'jr:r:k HYDMULIC INPUT VALUES FOR SUBWATERSHEDS ;.**

AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
ACRES NIIMBER HR HR K-HRS X HYDRO

4 .00  90 .00  .  310  . 000  . 000  . 00  2  . o

:'.- -* -* COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS :t -j.- )'r

WATERSHED PEAK FLOW RUNOFF
( C F S )  ( I N C H E S )

I  1 . 7 1  . 7 0

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

:k*:?:k': SUMMARY TABLE FQR TOTAL WATERSHED :k*-*-:k*

RIJNOFF VOLTIME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

. 2 3 3 1  A C R E - F T
1 . 7 1 1 9  C F S
4 . 0 0 0 0  A C R E S

2 . 6 0  H R S

r'SUMMARY TABLE OF COMBINED HYDROGRAPH AND SEDIGRAPH VALUEST-

PREVIOUS MUSKINGIJH ROUTING X
PREVIOUS MUSKINGT'M ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DMINAGE AREA
TOTAL RUNOFF VOLTJHE
PEAK RUNOFF DISCHARGE
TIUE TO PEAK DISCHARGE

. 2 7
.0400 HRS
1 . 8 3  C F S
2 . 5 0  H R S

1 4 . 9 0  A C R E S
. 4 3 4 8  A C - F T
3 . 5 4  C F S
2 . 5 0  H R S

NULL STRUCTURE



J- rr, J-

JUNCTION 2,

* > t ' t * - : - * * : t * * : k

BRANCH 2, STRUCTURE
.t- -! -!-

1

TIUE
(un)

r.*':*'r' RESULTS FROM SUBWATERSHED f -*:t:k>r:'r

*** HYDROGRAPH AND SEDIMIIrIf Qfu\PtI *:,:*.
(TwO cOITSECUTIVE VALUES PER LINE)

DISCHARGE *-**rk**-* TIME DISCHARGE
(cps )(cFs) *  (HR)

. 00

.20
-40
.60
.80

1  . 00
1  . 20
I  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .60
4 .80
5 .00
5 .20
5  . 40
5 .50

. 0 0 0  r k

. 0 0 0  *

. 0 0 0  *

.000 :k

. 0 0 0  *

. 0 0 0  - *

.000 :k

.000 :k

. 0 0 0  *

. 0 0 0  *

.000 )k

. o 7 7  *

. 6 8 5  *

.293 -*

.325 -:

. 3 5 5  * '

. 3 3 0  - *

.  350 ' r

.226 : t

. 2 3 3  *
-240 *
. 2 4 6  *
.253 *
. I 9 4  *
. L g 7  *
. 2 0 I  *
.204 :k
.207 *
. 1 7 5  : ?

- 1 0
. 3 0
. 5 0
. 7 0
. 9 0

1 . 1 0
1 . 3 0
1 . 5 0
1 . 7 0
I  . 9 0
2 .  1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 . r0
3 .30
3 .  50
3 .  70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .90
5 .10
5 .30
5 .50
5 .70

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 3 9 0

. 9 4 5

.  3 1 0

. 3 4 0

. 3 i 9

. 3 4 0

. 3 5 9

. 2 2 9
-236
. 2 4 3
. 2 4 9
. 2 5 6
. 1 9 6
. t 9 9
. 2 0 2
. 2 0 6
. 2 0 9
. L 7 6

*** HYDMULIC INPUT VALUES FOR SUBWAf[ftgH[lg :t:e'r

WATER
SHED

AREA
ACRES

CURVE
NTJUBER

TC TT ROUTING COEFFICIENTS UNIT
HR HR K-HRS X HYDRO

3 .  6 0 8 0 . 0 0 . 0 9 0  . 0 0 0 . 0 0 0 . 0 0  . 0



/:'

* '* * COMPUTED VALUES FOR INDMDUAL WATERSHED$ * * :t i{ ii

WATERSHED PEAK FLOW RTINOFF
(cFs)  (  rucues)

r  . 94  . 30

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

)k*:k:k:k SIIIMARY TABLE FOR TOTAL WATERSHED *'ir'x:?*

RI'NOFF VOLUME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .0887 ACRE-FT
= .9448 CFS
=  3 . 6 0 0 0  A C R E S
=  2 . 5 0  H R S

NULL STRUCTURE



JUNCTTON 2, BRANCH 2, STRUCTURE
.)

1 r t - - ' - J - - i - - . -

I  
' !  . r  , | , r  , r

.I*.I>K.* RESULTS FROM SUBWATERSHED

*** HYDROGRAPH AND SEDIM[}{[ QRAPI{ *.;'':';
(TwO COIiSECUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1  . 00
1  . 20
r  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2  . 60
2 .  B0
3 .00
3 -20
3 .40
3 .60
3 .80
4 .00
4 .20
4 .40
4  . 60
4 .  B0
5  . 00
5 .20
5  . 40
5 .60

DISCHARGE -*'*:bbk:k:? TIME
( cFs )  : t  (HR)

DISCHARGE
( C F S  )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 5 1

. 2 2 8

. 3 5 5

. 1 0 7

.  1 1 4

.  r04

.  1 0 8

. TT2

.  0 7 1

.o t2
-o14
. 0 7 5
. 0 7 6
. 0 5 8
. 0 5 8
. 0 5 9
. 0 6 0
. 0 6 0
. 0 5 1

.000 : -

. 000  *

. 000  *

. 000  *

.000  : t

.000 *-

. 000  *

. 000  *

. 000  *

. 000  *

. 000  *

. L47 :t

. 2 9 7  *

. 1 0 4  *

. 1 1 1  *

. 1 1 7  ' *

. 1 0 6  *

.  110 ' *

. 0 7 0  *

.  0 7 1  ' *

. 0 7 3  - *

. 0 7 4  *

.075 ' r .

. 0 5 7  ' *

. 0 5 8  *

. 0 5 9  *

. 0 5 9  *

. 0 6 0  ' k

. 0 5 1  *

. r0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
i . 3 0
1 . 5 0
1  . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 1 0
2 . 9 0
3 .  1 0
3 . 3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 .  3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 .  1 0
5 . 3 0
5 . 5 0
5  . 7 0

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY I,IILLIAUS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01. IF THE USER WISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREAM DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

:k*Jr*-:k*'^L:k*:bt*:bt*:k:?**'^'&'***'k**:k:k:k***:k*Jr:kJ.:?'l:?*-*-s*-:t'^L:';*:t*:k:k-*:k:t*:!*-,'s:t:!:!:',-:'.-,'<:k:'i:k:k:k:'r:k:t-,';



>kr::t filptu{Ut,lc INPUT VALUES FOR SUBWATERSHEDS **-:s

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT

SHED ACRES NIIMBER HR HR K-HRS X HYDRO

.  B0  85 .00  . 080  . 000  . 000  . 00  . 0

:K J: :T COMPUTED VALUES FOR INDIVIDUAL I^TATERSHEDS * .,.'- >K

WATERSHED PEAK FLOI^T RUNOFF
(cFs) ( rucsns )

I  . 3 6  . 4 6

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*-l:r-;.-* suuMARY TABLE FOR TOTAL WATERSHED -;>k:1-:?:':

RUNOFF VOLTIME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

. 0 3 1 0  A C R E - F T

.  3 5 5  I  C F S

. BOOO ACRES
2 . 5 0  H R S

'KSIJMMARY TABLE OF COMBINED HYDROGRAPH AND SEDIGRAPH VALUES,I-

PREVIOUS MUSKINGW ROUTING X = .33
PREVIOUS MUSKINGUM ROUTING K = .0400 HRS
PREVIOUS ROUTED PEAK DISCHARGE = .94 CFS
TIl,tE OF ROUTED PEAK DISCHARGE = 2.50 HRS
TOTAL DRAINAGE AREA = 4.40 ACRES
TOTAL RUNOFF VOL{IME = .1196 AC-FT
PEAK RUNOFF DISCHARGE = 1.30 CFS
TIME TO PEAK DISCHARGE = 2.50 HRS

NULL STRUCTURE



JUNCTTON 3, BRANCH 1, STRUCTURE 1

:?-::t':'* RESULTS FROM SUBWATERSHED I '*:k'*:t*

*"k': HYDROGMPH AND SEDIUENT GRAPH :bt*
(rwO COI.ISECUTIVE VALUES PER LINE)

TIUE
(un)

. 00

.20

.40
-60
.80

1  . 00
I  . 20
I  . 40
1 .50
1  . 80
2 .00
2 .20
2 .40
2 .  50
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .60
4 .80
5  . 00
5  . 20
5  . 40
5  . 60

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 9 4

.  r 8 6
1  . 4 8 3
2 . 1 1 6

. 6 6 1

.  6 8 6

.  7 0 9

.  6 3 1

. 6 4 5

. 4 0 5

. 4 0 9

. 4 I 4

. 4 1 8

. 4 2 3

. 3 2 0

. 3 2 2

. 3 2 4

. 3 2 6

. 3 2 8

. 2 7  5

DISCHARGE **'****r* TIME
( C F S )  *  ( H R )

DISCHARGE
( C F S )

. 000

.000

.000

.000

.000

.000

.000

.000

.o42

. r42
I  . 037
1 .835
2 .345

.614

.698

.623

.  638

.652

.407

.4L2

.4 t6

.420

.425

.32 r

.323

.325

.327

.329

.27  6

.10

.30

.50

.70

.90
1 .10
1  . 30
1 .50
1 .70
I  . 90
2 . t 0
2  . 30
2 .50
2 .10
2 .90
3 .10
3 .  30
3 .50
3 .  70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .90
5 .10
5 .30
5 .50
5 .70



:k:?:k.*:?>k:.L*:1-**-:..^*.***..:*:k.:.,..-:1-.i)t*-*.:k:3...l.*:.L...'-*-***.***:l-**-**.:-*.-**:t*-.;.-.,.<.**--;:.j*...j):?*..:,::

BETA IS NEGATIVE I"JHICH INHERENTLY INDICATES THAT THE
STREAH SYSTEH TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAI , IS '  TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01.  rF THE USER WTSHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREAU DIRECTLY HEISHE SHOULD USE:
SUBROUTINE SLOSS.

WATER
SHED

*** HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS *::*

AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
ACRES NTJUBER HR HR K-HRS X HYDRO

3 .  50  90 .00  . 080  .  000 .000  . 00  . 0

* * 't COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :'r >t :'r

WATERSHED PEAK FLOI^I RUNOFF
( C F S )  (  I N C H E S )

2 .34 .70

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO

*-k-*-k* st M}IARY TABLE FOR TOTAL WATERSHED -*:k;'.-;1-r<

RIINOFF VOLTJME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .2039 ACRE-FT
-  2 . 3 4 4 6  C F S
-  3 . 5 0 0 0  A C R E S
=  2 . 5 0  H R S

?KST'MMARY TABLE OF COMBINED HYDROGMPH AND SEDIGRAPH VALUES*

PREVIOUS MUSKINGTJU ROUTING X
PREVIOUS MUSKINGTIU ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DMINAGE AREA
TOTAL RUNOFF VOLTIME
PEAK RUNOFF DISCHARGE
TIME TO PEAK DISCHARGE

. 3 3
. 0 3 0 0
4 . 8 4
2 . 5 0

2 2 . 8 0
. 7  5 8 4
7 . 1 8
2 . 5 0

HRS
cFs
HRS
ACRES
AC-FT
CFS
HRS

NULL STRUCTURE



*- :1- -* * *- *- -:- * *- * * -*

JUNCTION 3, BRANCH
A - ' k * ^ - * * - * : k * * * : k

* :k -l -,'.- -ir :k * -l- *- :'r -.'r

2, STRUCTURE 1

*-*-*-r:r RESULTS FROM SUBWATERSHED I {.>k*-}*

*-** HYDROGMPH AND SEDIMIIrIT $fu\P}I *:t:.;
(TwO C0NSECUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1 .00
r . 20
I  . 40
1 .60
1 .80
2  . 00
2 .20
2 .40
2 .60
2 .80
3  . 00
3 .20
3 .40
3 .  60
3 .  B0
4 .00
4 .20
4 .40
4 .  60
4 .80
5 .00
5 .20
5 .40
5 .  60

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.319

.273

.328

.380

.369

.405

.269

.281

.294

.306

.318

.246

.253

.259

.265

.27 I

.231

.10

.30

.50

.70

.90
1 .10
I  . 30
r . 50
1 .70
I  . 90
2 .10
2 .30
2 .  50
2 .10
2 .90
3 .  10
3 .30
3 .50
3 .  70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .90
5 .10
5 .30
5 .50
5 .70

DISCHARGE ***:?:k:k'* TIME
(cFS)  - k  (HR)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0
- 1 5 9
.  3 0 1
. 3 5 4
. 3 5 0
. 3 8 7
. 4 2 2
. 2 7  5
. 2 B B
. 3 0 0
.3 r2
.324
. 2 5 0
. 2 5 6
. 2 6 2
. 2 6 8
. 2 7  4
. 2 3 3



**-:"-:1-:r RESULTS FROM SUBI^TATERSHED 2 :'r*-:?*-:1-

*-*-* HYDROGRAPH AND SEDIMENT Gtu{PH -***-

(rwo colrsECUTrvE vALUES pen lrlrn)

TIME
(nn)

DISCHARGE'** : t ****  TIME
(crs)  *  (sn)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 3 6 2

. 1 4 3

. 1 6 9

.  t67

. 1 8 5

.  2 0 1

.  1 3 1

. 1 3 7

. 1 4 3

.  r49

.  1 5 4

. 1 1 9

. L 2 2

. I 2 5

. 1 2 8

. 1 3 1

. 1 1 1

. 00

.20

.40

.60

.80
1  . 00
1 .20
1  . 40
1 .50
1  . 80
2  . 00
2 .20
2 .40
2  . 60
2 .80
3 .00
3 .  20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5 .20
5 .40
5  . 60

.000  *

.000  ; k
- 000 :'r
. 000  *
-  000 :k

. 000  *

. 0 0 0  - k

. 0 0 0  *

. 0 0 0  *

. 0 0 0  *

.  000 )k

. 0 0 0  ' :

.152  ;k

.  130 :?

. 1 5 6  r k

.  181 :?

. 1 1 6  *

. 1 9 3  *

. 1 2 8  *

. r34  *

. 1 4 0  *

. 1 4 6  *

. r52  *

.  1 1 8  - :

-  121 - *

. L 2 4  *

. L 2 7  *

.L29 :?

. 1 1 0  *

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 .  l 0
1 . 3 0
1 . 5 0
1 . 7 0
1 . 9 0
2 .  1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 .  3 0
3 . 5 0
3 . 7 0
3  . 9 0
4 .  1 0
4 .  3 0
4  - 5 0
4 . 7 0
4 . 9 0
5 . 1 0
5  . 3 0
5 . 5 0
5 . 7 0

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAH SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAHS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01. IF THE USER WISHES TO EVALUATE THE TMNS-
PORT CAPACITY OF THE STREAM DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.



A-** HYDR-AULIC INPUT VALUES FOR SUBWATERSHEDS :?*.!

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NTIMBER HR HR K-HRS X HYDRO

1  6 .  5 0  7 5  . 0 0  . 0 5 0  . 0 2 0  . 0 2 0  . 3 9  .  0
2  3 .  1 0  7 5  . 0 0  . 0 5 0  . 0 1 0  . 0 1 0  . 4 0  . 0

* * * COMPUTED VALUES FOR INDMDUAL I.IATERSHEDS :? * *'

WATERSHED PEAK FLOW RTINOFF
( C F S )  ( I N C H E S )

|  . 7 6  . 1 1
2  . 3 6  . I l

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

r--r-*** SITMMARY TABLE FOR TOTAL WATERSHED *-*-*j;:r-

RUNOFF VOLIJME
PEAK DISCHARGE -  1 .1206 CFS
AREA _  9 .6000 ACRES
TIME OF PEAK DISCHARGE = 2.50 HRS

NULL STRUCTURE



JUNCTION 4,

*- >? 't -l * :'r :k -l- -* '* '.'{ -.'< -i *

BRANCH 1, STRUCTURE 1

?.1':'*':* RESULTS FROM SUBI"IATERSHED I *****

*** HYDROGRAPH AND SEDIMIIfI Stu\pfl :'::'<*-
(Two coITSECUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.24

.40

.60

.80
I  . 00
I  . 20
1  . 40
1 .60
1 .80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3  . 40
3 .  60
3 .80
4 .00
4 .20  '

4 . 40
4 .  60
4 .80
5  . 00
5 .20
5  . 40
s  . 50

DISCHARGE -*-k-***** TIME
( c F S )  *  ( H R )

DISCHARGE
( C F S  )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 9 8
-236
. 0 7  7
. 0 8 5
. 0 8 0
. 0 8 5
. 0 9 0
. 0 5 7
. 0 5 9
. 0 5 1
. 0 6 2
i  0 6 4
. 0 4 9
. 0 5 0
.  0 5 1
.  0 5 1
. 0 5 2
. 0 4 4

. 000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.019

.  171

.073

.081

.089

.082

.087

.056

.058

.060

.062

.053

.048

.049

.050

.051

.052

.044

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 .  1 0
1 . 3 0
i . 5 0
1 .  7 0
1 . 9 0
2 .  1 0
2 . 3 0
2 . 5 0
2 . t o
2 .90
3 .  10
3 .  30
3 .50
3 .70
3 .90
4 .10
4 .30
4 .  50
4 .70
4 .90
5 .10
5  . 30
5 .50
5 .70



??:k.j...l-ik*)..*.*-**-.***-.:*.}.**-*:?*:.;;t**.l.J<:t:l.:k*.*:1-*.t.k.*:k:k:tJ:.**-;1.*-*..*:t:k.}.*:?*.}.j:.,.r:?:.;:.;J:;1-:t

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAHS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01. IF THE USER WISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREA},' DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

*-** HYDtu\ULIC INPUT VALUES FOR SUBI"IAf[f,$tl[]$ :u;jr

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NTJUBER HR HR K-HRS X HYDRO

. 90  80 .00  . 020  . 010 .010

:? * '* COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ 'r :'; :'r

T^IATERSHED PEAK FLOI{ RUNOFF
(cFs) (  rNcHss)

r  .24 . 30

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO

***** SIJMMARY TABLE FOR TOTAL TIATERSHED *-jr*-**

. 0. 39

RIJNOFF VOLT'I,TE
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

.0222 ACRE-FT

.2362 CFS

.9OOO ACRES
2 . 5 0  H R S

*S{JMMARY TABLE OF COMBINED HYDROGMPH AND SEDIGRAPH VALUESi.

PREVIOUS MUSKING{IM ROUTING X
PREVIOUS MUSKINGIIM ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DMINAGE AREA
TOTAL RTINOFF VOLTJME
PEAK RT'NOFF DISCHARGE
TIME TO PEAK DISCHARGE

. 37
.0400
B .  30
2 .50

33 .30
.9197
B .  54
2 .50

HRS
cFs
HRS
ACRES
AC-FT
cFs
HRS

NULL STRUCTURE



JI'NCTION 4, BRANCH 2, STRUCTURE t

t'<'h'<'^-* RESULTS FROM SUBTTATERSHED I *:?rr:?:t

*.T* HYDROGMPH AND
(rwo colrsEcurrvE

SEDIMENT GRAPH *.^^

VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1  . 00
1  . 20
I  . 40
1 .60
1  . 80
2  . 00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .60
3 .  B0
4 .00
4 .20
4 :40
4  . 60
4 .  B0
5  . 00
5 .20
5  . 40
5 .50
5  . 80
6  . 00
6 .20
5  . 40
6  . 60

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 3 9

. 2 L 6

. 5 6 8

. 8 0 3

. 4 6 4

. 3 8 5

. 3 1 8

.282

. 2 7 9

. 2 1 0

. 1 9 3

. 1 8 4

. 1 8 2

. I 8 2

.  1 5 4

. t 4 7

. 1 4 3

. I 4 2

. r42

. I 2 7

. r24

. 0 7  4

. 0 2 5

. 0 1 0

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1  . 3 0
1 . 5 0
1 . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 .  3 0
3 . 5 0
3 .  7 0
3 .  9 0
4 .  1 0
4 . 3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 .  7 0
5  . 9 0
6 . 1 0
6 . 3 0
6 . 5 0
6 . 7 0

DISCHARGE :k:t*>kd-:k:k TIME
(cFS)  *  (sn)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 2 2

. 0 7 0

. 4 0 7

. 7 1 1

. 6 2 6

. 4 L 7

. 3 5 5
-29t
.283
.24r
. 1 9 9
.  1 8 8
.  1 8 2
. 1 8 3
.  1 6 6
. t49
. 1 4 4
. t42
.  1 4 3
.  1 3 4
. r 2 5
.  1 1 7
. 0 3 9
.  0 1 6
. 0 0 5



*-ht HYDtu\ULIC INPUT VALUES FOR SUBWATERSHEDS :'r:'r:t

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NWBER HR HR K-HRS X HYDRO

1  1  .  50  90 .00  .  r 40  . 000  . 000  . 00  2 .o

.* * * COUPUTED VALUES FOR INDIVIDUAL WATERSHED$ t'< .K :'<

WATERSHED PEAK FLOT.I RIJNOFF
( C F S )  ( I N C H E S )

1  . 80  . 70

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

';r'*';:?* SIJMUARY TABLE FOR TOTAL WATERSHED **-*:;rr

RI.'NOFF VOLI.IME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 0 8 7 4  A C R E - F T
=  .  B O 3 O  C F S
-  i . 5 0 0 0  A C R E S
=  2 . 6 0  H R S

NULL STRUCTURE



JT'NCTION 5, BRANCH 1, STRUCTURE 1

***** RESULTS FROM SUBWATERSHED | -k-::?-*:k

**:t HYDROGMPH AND SEDIMENT GRAPH '***

(TwO COIISECUTIVE VALUES PER LINE)

DISCHARGE -l-:k:!*-:k:k* TIME DISCHARGE
( C F S )(cFs)  * (HR)

TIUE
(HR)

. 00

.20

.40

.60

.80
1  . 00
1 .20
1  . 40
1 .60
l .B0
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3  . 40
3 .  60
3 .  B0
4 .00
4 .20
4 .40
4 ,60
4 .  B0
5  . 00
5  . 20
5  . 40
5 .60

AREA CURVE
ACRES NIIMBER

.252 : 'r

. 000  ' :

. 0 7 1  : !

. 0 7 1  *

.  0 7 1  ' *

. 0 7 1  *

. 0 8 1  ' *

. 0 8 1  *

. 1 5 1  *

. 1 5 1  ' ^ "

.  1 5 1  : k

. 5 6 5  *

. 5 6 5  ; t

. 1 5 1  *

. 1 5 1  *

. 1 5 1  *

.  131 * '

. 1 3 1  *

. 0 8 1  : t

. 0 B l  *

. 0 8 1  *

. 0 8 1  *

. 0 8 1  - :

. 0 6 1  : k

.  061 :k

. 0 5 1  *

.  061 :k

. 0 6 1  *

. 0 5 0  *

TC
HR

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1 . 3 0
1 . 5 0
1 . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 .  3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 .  3 0
4 .  5 0
4 . 7 0
4  . 9 0
5 . 1 0
5 - 3 0
5 . 5 0
5 . 7 0

. 0 0 0

. 0 7 1

. 0 7 1

. 0 7 1

. 0 7 1

. 0 8 1

. 0 8 1
-  0 8 1
. 1 5 r
. 1 5 1
. 5 6 5
. 5 6 5
. 5 6 5
.  1 5 1
.  1 5 1
. 1 3 1
.  1 3 1
. 1 3 1
. 0 8 1
.  0 8 1
. 0 8 1
. 0 8 1
.  0 8 1
. 0 6 0
. 0 6 0
.  0 6 1
. 0 6 0
. 0 6 0
. 0 5 0

*** HY'DR-I\ULIC INPUT VALUES FOR SUBI,IATERSHEDS ***

T.IATER
SHED

TT
HR

ROUTING COEFFICIENTS TJNIT
K-HRS X HYDRO

. 50 1 0 0 . 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 . 0



:? .* * COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :< :t *

WATERSHED PEAK FLOW RUNOFF
(cFs) ( rucnns )

1  . 5 5  1 . 5 2

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

***** S{JMMARY TABLE FOR TOTAL I^TATERSHED :k:r-*:ht

RTINOFF VOLIIME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= -0633 ACRE-FT
=  . 5 6 4 7  C F S
= .5000 ACRES
=  2 . 5 O  H R S

*SI'MMARY TABLE OF COMBINED HYDROGRAPH AND SEDIGRAPH VALUES:;

PREVIOUS MUSKINGUM ROUTING X = .00
PREVIOUS MUSKINGUM ROUTING K = .0000 HRS
PREVIOUS ROUTED PEAK DISCHARGE = 9.34 CFS
TIUE OF ROUTED PEAK DISCHARGE = 2.5O HRS
TOTAL DRAINAGE AREA = 35.30 ACRES
TOTAL RUNOFF VOL{IME = 1-0704 AC-FT
PEAK RUNOFF DISCHARGE = 9-91 CFS
TIME TO PEAK DISCHARGE = 2.50 HRS

NULL STRUCTURE

*** R{rN f,Qflpl,fiffip *-**:r
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SEDIMOT I I  MODEL FOR THE IBM PCIXT
CONVERTED BY TECH ENGINEERING INC.

VERSION 1 .  10  NOVEMBER 17 ,1983

UNIVERSITY OF KENTUCKY COMPUTER I,IODEL
OF SURFACE MINE HYDROLOGY AND SEDIMENTOLOGY
FOR MORE INFORMATION CONTACT THE AGRICULTURAL
ENGINEERING DEPARTMENT

THE UK MODEL IS A DESIGN MODEL DEVELOPED TO PREDICT
THE HYDRAULIC AND SEDIMENT RESPONSE FROM SURFACE
MINED LANDS FoR A SPECIFIED RAINFALL EvENT (sTNCIn sTOUT)

VERSION DATE 9-23_83

DISCI^A,IMER: NEITHER THE {JNIVERSITY
ACCEPT ANY RESPONSIBILITY OR LEGAL
CONCLUSIONS DRAI.JN FROM THE RESULTS

NOR ANY OF ITS EMPLOYEES
LIABILITY FOR THE
OF THIS MODEL

THE FOTLOWING VALUES ARE NOW PREDICTED BY SEDIMOT II.
THEY CAN BE FOUND IN S{JMMARY TABLES.

1. PERIOD OF SIGNIFICANT CONCENTRATION
2. VOLIJME I.JEIGHTED AVERAGE SETTLEABTE CONCENTRATION

DURING PERIOD OF SIGNIFICANT CONCENTRATION
3. VOLWE WEIGHTED AVEMGE SETTLEABLE CONCENTRATION

DURINC PEAK 24 HOUR PERIOD
4. ARITHMETIC AVERAGE SETTTEABLE CONCENTMTION

DURING PERIOD OF SIGNIFICANT CONCENTRATION
5. ARITHMETIC AVEMGE SETTLEABTE CONCENTRATION

DURING PEAK 24 HOUR PERIOD

ALL CONCENTMTIONS ARE rN ML/L.



*-*'l**-'**-::k*-:-*-'.l-'.1-:?-:--i<*-*******-****--*-;-.';**'k'k*-ji*--,1'?k-i*--,'r-,'(

WATERSHED IDENTIFICATION CODE

SCCC - SEDIUENT POND SPILLWAY PEAKFLOW - 25 YR-6 HR STORM

'jrf<J<:k*;'.-lck'**'******:t**i{ INPUT RAINFALL PATTERN -*'*-*-*-*:3f<:hbt**-;tJ:-,1^*-,1->"-.?:'r

VALUE DEPTH TIME

I
2
3
4
5
6
I

tt

9
1 0
1 1
L2

. 0 6

. 2 2

. 3 6
- 6 2

1  . 0 6
t . 2 3
1 . 3 7
t . 4 7
1 . 5 6
1 . 6 3
1 . 7 0
t . 7 6

. 50
1  . 00
1 .50
2  . 00
2 .50
3  . 00
3 .50
4 .00
4 .  50
5  . 00
5 .50
6  . 00

:t*-:k:'r*-*^.1^k-1"*-s*^k'*'A^*':':k**'&JNPUT

STORM DI'RATION
PRECIPITATION DEPTH

VALUES***-s:k:l*-*'jr:k:k'k1r\kf<'k*:ht:bt

= 6 .00  H0URS
=  I . 7 6  I N C H E S



JUNCTION 1, BRANCH 1, STRUCTURE I

**:?:?:? RESULTS FROM SUBI^IATERSHED I ***r.*

*** HYDROGRAPH AND SEDIMENT GRr\PH ***
(tWO CONSECUTIVE VALUES PER LINE)

TIME
(un)

. 00

.20

.40

.60

.80
I  . 00
1  . 20
1  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5 .20
5  . 40
5 .60

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 4 3 2
1  . 2 3 0

. 7 0 3

. 7 9 8

. 8 8 9

. 7  9 3

.849

. 6 4 2

. 6 6 8

. 6 9 4

. 6 4 5

. 6 6 5

.  5 3 1

. 5 4 3

. 5 5 4

. 5 6 5

. 5 7 5

. 5 0 2

. 10

.30

.50

.70

.90
1 .  10
1 .30
1 .50
1 .70
1  . 90
2 .  10
2 .  30
2 .  50
2 .70
2 .90
3 .  10
3 .  30
3 .  50
3 .  70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .90
5 .10
5 .30
5 .50
5 .  70

DISCHARGE ******* TIME DISCHARGE
( cEs)

. 0 0 0

. 0 0 0

. 0 0 0

.  0 0 0

.  0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 5 1

.  8 4 6
1 . 5 8 7

. 7 5 1

. 8 4 4

. 1 6 4

.  8 2 1

. 8 7 6

. 6 5 5

.  6 8 1

. 6 3 5

. 6 5 5

. 6 7  5

. 5 3 7

. 5 4 8

. 5 5 9

. 5 7 0

. 5 8 1

.  5 0 6

( C F S ) (HR)

WATER
SHED

AREA
ACRES

CURVE
NI'UBER

*** HYDR]IULIC INPUT VALUESFOR SUBT,IATERSHEDS ***

TT ROUTING COEFFICIENTS UNIT
HR K-HRS X HYDRO

TC
HR

9 . 9 0 75  . 00 .060 .030 .030  . 37  . 0



:? * *. COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :K :.1 ..':

WATERSHED PEAK FLOW RUNOFF
(cFS)  ( rucHes)

1  1 . 5 9  . 2 7

NOTE: SEDIUENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

'*'*'j.'*:t SIIMMARY TABLE FOR TOTAL WATERSHED :t*-:?:lrk

RIINOFF VOLI]HE
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .2228 ACRE-FT
_  1 . 5 8 6 5  C F S
=  9 . 9 0 0 0  A C R E S
=  2 . 5 0  H R S

NULL STRUCTURE



JUNCTION 1, BRANCH 2, STRUCTURE I

**^r-*-* RESULTS FROM SUBWATERSHED | -l-rr-*:k-*

-*** HYDROGMPH AND
(TI.JO CONSECUTIVE

SEDIMENT Stu\pH *--*:'.-
VALUES PER LINE)

TIME
(sn)

. 00

.20

.40

.60

.80
1  . 00
1  . 20
1  . 40
1 .60
I  . 80
2 .00
2 .20
2 .40
2  . 60
2 .  B0
3 .00
3 .20
3  . 40
3 .  50
3 .80
4 .00
4 .20
4 .40
4 .60
4 .80
5 .00
5 .20
5  . 40
5  . 60

*** HYDtu|ULIC

DISCHARGE -**-*-:-*-*-A- TIME
( C F S )  *  ( H R )

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 3 1

. 0 5 4

. L57

.  2 0 8

. 4 3 3

. 5 2 L

.  5 8 5

. 2 3 7

. 2 4 4

. 2 0 6

.  2 1 0

. 2 t 3

.  1 5 4

. 1 5 6

. 1 4 2

. r43

. r44

. 1 1 3

. 1 1 3

.  1 1 4

.  1 1 4

.  1 1 5

. 0 9 9

. 0 0 0  *

. 0 0 0  *

. 0 0 0  *

. 0 0 0  *

. 0 0 0  * -

. 0 0 0  * -

. 0 1 9  *

. 0 4 3  - j r

. t26 '*

.  184 ;r

. 2 3 0  *

. 4 8 0  *

. 5 5 5  *

. 2 3 3  *

.24 I  ' k

. 2 4 7  *

.  208 : t

.  2 1 1  : r

. 1 5 3  * -

. 1 5 5  *

.  i 5 7  r r

.142 - r

. L 4 3  *

. l l2  : t

.  1 1 3  - l

. 1 1 4  *

. 1 1 4  *

. 1 1 5  *

. 0 g g  *

INPUT VALUES FOR

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1 .  3 0
r .50
1 . 7 0
i . 9 0
2 . 1 0
2 .  3 0
2 . 5 0
2 . 1 0
2 -90
3 . 1 0
3 .  3 0
3 . 5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 . 3 0
4 . 5 0
4 . 7 0
4 . 9 0
5 . 1 0
5  . 3 0
5 . 5 0
5 . 7 0

WATER
SHED

AREA
ACRES

CURVE
NTIMBER

TC
HR

TT
HR

SUBWATERSHII$ *-:t:k

ROUTING COEFFICIENTS UNIT
K-HRS X HYDRO

1  . 00 90 .00 .090 .000 .000 .00 .0



:? .} .* COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :K :.; :.:

I.IATERSHED PEAK FLOW RT'NOFF
(crs)  (  rNcHes)

r  . 59  . 89

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

*-*'*'jr:k SUMMARY TABLE FOR TOTAL WATERSHED *-*-**-k

RTJNOFF VOLTJUE
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .0744 ACRE-FT
=  . 5 8 5 3  C F S
-  1 .  OOOO ACRES
=  2 . 5 O  H R S

NULL STRUCTURE



JUNCTION 2, BRANCH T,
*- :t :'; :t *- -* -.'< -l-

STRUCTURE 1

)k**:b? RESULTS FROM SUBWATERSHED I *--*'*:?*

**-k HYDROGRAPH AND SEDIl,t[l{f Qtu\p}l ;'r*-*-
(TwO COHSECUTIVE vALUES PER LINE)

TIME
( H n )

DISCHARGE -r:k-$**-:k* TIME
(cFS)  *  (sn)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0
-  0 0 0
. 0 0 0
. 0 2 4
. 0 8 6
. 2 t 4
. 4 4 6
. 6 8 2

1 . 1 9 8
r  .673
|  .674
t . 2 6 2
1 . 1 6 0
1 . 0 4 7

. 9 5 4

.  84B

. 7  1 7

. 6 7  4

. 6 2 9

. 6 0 1

. 5 6 2

. 5 0 2

. 4 8 2

. 4 7  2

. 4 6 6

. 4 4 9

. 4 2 0

. 3 9 4

. 2 2 3

.  1 1 0

. 0 6 8

. 0 3 7

. 0 1 6

. 0 0 4

. 0 0

. 2 0

. 4 0

. 6 0
- 8 0

I  . 0 0
I  . 2 0
i  . 4 0
1 . 6 0
1  . 8 0
2 . 0 0
2 . 2 0
2 . 4 0
2  . 6 0
2 .  8 0
3 . 0 0
3 . 2 0
3 . 4 0
3 . 6 0
3 . 8 0
4 . 0 0
4 . 2 0
4 . 4 0
4 .  6 0
4 .  B 0
5  . 0 0
5 . 2 0
5  . 4 0
5 . 6 0
5  . 8 0
5 . 0 0
6 . 2 0
6  . 4 0
6 . 6 0
6  . 8 0
7  . 0 0
7  . 2 0

. 10

.30

.50

.70

.90
1 .10
1  . 30
1 .50
1 .70
I  . 90
2 .  10
2 .30
2 .50
2 .70
2 .90
3 .10
3 .  30
3 .50
3 .70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .90
5 .  10
5  . 30
5 .50
5 .70
5  . 90
6 .10
6 .30
6 .50
6 .70
6  . 90
7 .10
7 .30

.000 '^ -

. 000  *

.000  : k
- 000 :k
. 0 0 0  *
. 0 0 0  *
. 0 0 0  *
. 0 5 2  *
. 1 3 2  ' *

. 3 3 0  - :

. 5 5 3  *
- 9 0 4  *

t . 4 5 9  - k

I . 7 7 7  : k
L . 4 2 7  *
1 . 1 8 4  *
1 . 1 1 1  *

. 9 9 5  *

.9L4 * -

. 7 1 0  ' *

.689 -. ' i

. 6 5 3  *

. 6 1 2  ' r

. 5 8 9  : k

.527 :k

.489 - *

. 4 7  7  - k

. 4 6 8  *

. 4 6 I  *

.432 * -

.414 ' *

.323 : t

.  1 5 1  ' *

.088 >r

.  .o52 ' *

.026 : t

. 0 0 9  : t



.*J::!J<.}.*:1-*-.t.j;:kJ<:.:.'.::.rJ<.}*.}.l-:?**.i^l..,1.:1..**-*:t;...:1-:k*;t:?;t.,1.:.;*-a-*:?...l.*:t**:?:?....-*J:

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE

STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY I{ILLIAMS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01.  rF THE USER WTSHES TO EVALUATE THE TRANS- -

PORT CAPACITY OF THE STREAH DIRECTLY HEISHE SHOULD USE

SUBROUTINE SLOSS.

-:;:'r* fiJ!tu{JLIC INPUT VALUES FOR SUBWAJ[f,$l{[!$ :'<-;c:r

WATER
SHED

AREA CURVE TC
ACRES NI.IMBER HR

TT ROUTING COEFFICIENTS UNIT
HR K-HRS X HYDRO

4 .00  90 .00  . 310  . 000 .000

.,.I :t :K COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS ̂  ^

WATERSHED PEAK FLOW RUNOFF
(cFs) ( rxcuns)

1  1 . 7 8  . 8 9

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO

'k*:t:t:k SIJMMARY TABLE FOR TOTAL WATERSHED :bt*-*-*'

2 .0.00

RUNOFF VOLI.'ME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .2976 ACRE-FT
=  L . 7 7 7 O  C F S
= 4 .0000 AcREs
=  2 . 6 0  H R S

*SIJMMARY TABLE OF CO}'IBINED HYDROGRAPH AND SEDIGMPH VALUES*

PREVIOUS MUSKINGIJU ROUTING X
PREVIOUS UUSKINGTJM ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DRAINAGE AREA
TOTAL RIJNOFF VOLT'ME
PEAK RTJNOFF DISCHARGE
TIME TO PEAK DISCHARGE

NULL STRUCTT]RE

. 2 7
. 0 4 0 0
2 . 1 7
2 . 5 0

1 4 . 9 0
. 5 9 4 8
3 . 9 5
2 . 5 0

HRS
CFS
HRS
ACRES
AC_FT
CFS
HRS



JUNCTION 2,
*- :t ': J< :t >? :'<

-l- >'r :'< :k )t * -: * *- :? :'r >k *

BRANCH 2, STRUCTURE ].

:k*:b?:? RESULTS FROM SUBI^IATERSHED | -.?:'<-**-*

*** IIYDROGRAPH AND SEDIMENT GtutpH ***
(rwO colISEcUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1  . 00
1  . 20
1  . 40
1 .60
1 .  B0
2 .00
2 .20
2 -40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .60
3  . 80
4 .00
4 .20
4 .40
4 .60
4 .80
5 .00
5  . 20
5  . 40
5 .60

*** HYDRTIULIC

DISCHARGE -*****-** TIME
( cFS ) 2? (sn)

DISCHARGE
( C F S )

. 000

.000

.000

.000

.000

.000

.000

.000

.000

.062

.  380

.  718

.999

.437

.47  r

. 413

.433

.452

.333

.343

.  316

.323

.330

.26 r

. 264

.268

.272

.27  5

.239

.000  ' *

. 000  *

.000 ' *

. 000  *

.000 : t

. 000  *

.000 *-

.000 :k

. 000  *

.000 - :

. 134  : t

. 5 5 8  > ?

. 9 6 5  *

. 4 L g  *

. 4 5 4  *

. 4 8 7  *

. 4 2 3  *

.443 ' *

.329 *

.338 : : .

. 3 4 7  *

. 3 1 9  *

. 3 2 6  *

.259 *-

. 2 6 2  *

. 2 6 6  *

. 2 7 0  * '

. 2 7 4  *

.237 *

INPUT VATUES FOR

. 10

.30

.50

.70

.90
1 .10
1 .30
1 .50
1 .70
1  . 90
2 .  10
2 .30
2  -50
2 .70
2  . 90
3 .10
3 .30
3 .  50
3 .70
3 .90
4 .  10
4 .30
4 .  50
4 .70
4 .  90
5 .10
5 .30
5 .50
5 .  70

WATER
SHED

AREA
ACRES

CURVE
NT'MBER

TC
HR

SUBWATERSHEDS ***

TT ROUTING COEFFICIENTS UNIT
HR K-HRS X HYDRO

3 .  60 80 .00 .090 .000 .000  . 00  . 0



?.i >? 'i COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS .: :t .,.7

WATERSHED PEAK FLOW RUNOFF
(cFS)  (  INCHES)

1  1  - 0 0  - 4 2

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

*--:?':** SIJI,IUARY TABLE FOR TOTAL I.IATERSHED ':r:k*-**

RIINOFF VOLUME = .1267 ACRE-FT
PEAK DISCHARGE = .9991 CFS
AREA =  J -6000  ACRES
TIME OF PEAK DISCHARGE = 2.50 HRS

NULL STRUCTURE

J



TIME
(HR)

-.- -:- -!-

JTINCTION 2, BRANCH 2, STRUCTURE

:bt-*'i:-* RESULTS FROM SUBWATERSHED

:?-** HYDROGMPH AND SEDIMnTfJ $tu{pH :r>t*
(TwO COIISECUTIvE vALUES PER LINE)

DISCHARGE'l; 'r '* ' :* '**- TIME
(cFs)  * -  (HR)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 0 0

. 0 0 0

. 0 3 8

. 0 7  7

. L97

. 2 1 4

. 3 3 5

.  1 4 0
-  r41
.  L26
.  1 3 0
.  i 3 4
.  0 9 8
. 1 0 0
.  0 9 1
. 0 9 2
. 0 9 4
. 0 1 4
. 0 7  4
. 0 7 5
. 0 7 6
. 0 7  6
. 0 6 6

. 00

.20

.40

.60

.80
I  . 00
1 .20
1  . 40
1 .50
1  . 80
2 .00
2 .20
2 .40
2 .60
2 .  B0
3  . 00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4  . 60
4 .  B0
5  . 00
5 .20
5  . 40
5 .  60

.10

.30

.50

.70

.90
1 .10
r . 30
1 .50
1 .70
1  . 90
2 .  10
2 .30
2 .50
2 .70
2  -90
3 .  10
3 .  30
3 .  50
3 -70
3  . 90
4 .  10
4 .30
4 .50
4 .70
4 .90
5 .10
5 .30
5 .50
5 .70

. 0 0 0  : ?

. 0 0 0  : k

. 0 0 0  *

.000 :k

. 0 0 0  *

.000 - j .

. 0 0 0  *

. 0 0 0  : k

. 0 1 5  *

.058 ' i r

. 0 9 5  - :

.231 *-

. 3 0 6  *

. 1 3 6  * -

. I44 - i . -

. 1 5 0  *

. 1 2 8  : t

. 1 3 2  *
-og7 *
.099 ' *

. 1 0 0  ? k

. 0 9 2  *

.093 '. '.-

. 0 7 3  * -

.o7 4 - j .

. 0 7 5  - *

. 0 7 5  : t

. 0 7 6  : ?

. 0 6 6  - :

{-r..r..-.^r--.--.. J.r..

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAMS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01. IF THE USER I"I ISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREAM DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

:?'l***^*'**'**J;'*******-.H.*-s'j<*-j:'i.'**'*****'jr*-g:k****"*'k*"k'r-j<-*-s*****-*-;*-i*-r:k*-:k-**J::..-:k-**-*:?*-i;:!



).r** HYDzu\ULIC INPUT VALUES FOR SUBWAJIft$fiI!$ >'<:I..T;

WATER AREA CURVE TC TT ROUTING COEFFICIENTS
SHED ACRES NTIMBER HR HR K-HRS X

UNIT
HYDRO

.  B0  85  . 00  . 080  . 000  . 000  . 00  . 0

.,.; * *- COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :.I :1- ;.1

WATERSHED PEAK FLOW RUNOFF
( c p s )  ( T N C H E S )

1  . 3 3  . 6 2

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

*-*rk-*-* suMuARY TABLE FOR TOTAL WATERSHED *-)k-.'<-.'.,'i

RUNOFF VOLUME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 0 4 1 6  A C R E - F T
=  . 3 3 4 1  C F S
= .8000 ACRES
=  2 . 5 0  H R S

'.SIJMMARY TABLE OF COMBINED HYDROGMPH AND SEDIGRAPH VALUES:.

PREVIOUS UUSKINGW ROUTING X = .33
PREVIOUS MUSKINGW ROUTING K = .0400 HRS
PREVIOUS ROUTED PEAK DISCHARGE = 1.00 CFS
TIME OF ROUTED PEAK DISCHARGE = 2.50 HRS
TOTAL DRAINAGE AREA = 4.40 ACRES
TOTAL RUNOFF VOLIIME = .1683 AC-FT
PEAK RUNOFF DISCHARGE = 1-33 CFS
TIME TO PEAK DISCHARGE = 2-50 HRS

NULL STRUCTURE



JUNCTION 3, BRANCH 1, STRUCTURE 1

:bk*** RESULTS FROM SUBWATERSHED | '*:k:?*:?

*'k':' HYDROGRAPH AND SEDIMIIfI $tu\pfl **':r
(TwO cOITSECUTIVE vALUES PER LINE)

TIME
(un)

. 00

.20

.40

.60

.80
1  . 00
1  . 20
1  . 40
1 .60
1  . 80
2  . 00
2 .20
2 .40
2 .60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .60
4 .  B0
5 .00
5 .20
5  . 40
5  . 60

DISCHARGE *:k***:?* TIME
( cFs )  *  (HR)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 2 1

. r 1 0

. 1 B B

. 5 4 8
- 7 2 8

l - 5 1 4
I . 8 2 2
2 . 0 4 8

. 8 3 0

. 8 5 3

. 7 2 0

. 7  3 4

. 7  4 6

. 5 4 0

. 5 4 5

. 4 9 5

. 5 0 0

. 5 0 4

. 3 9 4

.  3 9 6

. 3 9 8

.  4 0 1

. 4 0 3

. 3 4 7

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 6 7

.  1 5 1

. 4 4 r
- 643
. 8 0 5

1 . 6 8 1
1  . 9 4 3

.  8 1 7

.842

. 8 6 5
-727
. 7  4 0
. 5 3 1
. 5 4 2
.  5 4 8
. 4 9 7
. 5 0 2
.  3 9 3
. 3 9 5
. 3 9 7
. 4 0 0
. 4 0 2
. 3 4 6

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1 . 3 0
1 -  5 0
1 . 7 0
I  . 9 0
2 -ra
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 . 1 0
3 . 3 0
3 . 5 0
3 . 7 0
3 . 9 0
4 . 1 0
4 . 3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 . 7 0



)'.:.r:!:!*.....*->!.....,.;>k**->t.jlJ<****-*-l:t...;.}J<:1-*:.;:1.:k:?:.;*;t*J::.;***:k.!:.::.<*.h?>....jl;1-:k.*;.;

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAH SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAMS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01.  rF THE USER r . r rSHES TO EVALUATE THE TMNS-
poRT CAPACTTY OF THE STREAM DTRECTLY HEISHE SHOULD USE -

SUBROUTINE SLOSS.

**-* HYDRAULIC INPUT VALUES FOR SUBWATERSHEDS **T-

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NIJI,{BER HR HR K-HRS X HYDRO

3  .  5 0  9 0 . 0 0  . 0 8 0  . 0 0 0 . 000

*. * * COMPUTED VALUES FOR INDIVIDUAL T.JATERSHEDS ^

WATERSHED PEAK FLOW RUNOFF
(cFS) (  rNcses)

I  2 . 0 5  .  8 9

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY

. 0. 0 0

DELIVERY MTIO 2

2k:k*:?rk SIIMMARY TABLE FOR TOTAL WATERSHED -*-r-r-*;k

RUNOFF VOLTJUE
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

= .2604 ACRE-FT
=  ) . 0 4 8 5  C F S
=  3 . 5 O O O  A C R E S
=  2 . 5 O  H R S

T.SITMMARY TABLE OF COMBINED HYDROGRAPH AND SEDIGMPH VALUES*

PREVIOUS MUSKINGI'U ROUTING X
PREVIOUS MUSKINGUM ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DMINAGE AREA
TOTAL RIINOFF VOL{JUE
PEAK RUNOFF DISCHARGE
TIME TO PEAK DISCHARGE

. 33
.0300
5 .28
2 .50

22 .80
I  . 0234

7  . 33
2 .  50

HRS
CFS
HRS
ACRES
AC-FT
CFS
HRS

NULL STRUCTURE



JUNCTION 3, BRANCH 2, STRUCTURE 1

****:? RESULTS FROM SUBWATERSHED 1 *>k**;r

*** HYDROGMPH AND SEDIMIIfT $tu\pH :t:r:t
(TwO cOITSECUTIVE VALUES PER LINE)

TIUE
(HR)

. 00

.20

.40

.60

.80
1  . 00
1 .20
I  . 40
1 .  60
1  . 80
2  . 00
2 .20
2 .40
2  . 60
2 .  B0
3 .00
3 .20
3 .40
3 .60
3 .80
4 .00
4 .20
4 .40
4 .  50
4 .  B0
5  . 00
5  . 20
5  . 40
5 .60

DISCHARGE *****:-* TIME
(cFS)  *  (un)

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 3 3

. 5 5 5
r .042

. 4 9 3

. 5 5 4

. 5 0 2

. 5 3 9

. 5 7 5

. 4 3 0

. 4 4 7

. 4 L 7

. 4 3 0

. 4 4 3

. 3 5 3

.  3 6 0

. 3 6 7

. 3 7 4

. 3 8 1

. 3 3 2

. 000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.283

.807

.462

.524

.  583

.52 r

. 557

.42 t

.439

.456

.424

.437

.349

.356

.364

.  371

.378

.329

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
r . 1 0
1 . 3 0
r . 5 0
1  . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 . 3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 .  3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 . 7 0



:1'**;t'* RESULTS FROM SUBWATERSHED f -.'.--r-J;-.'r-.'r

*** HYDROGRAPH AND SEDIMI}IT Qfu\P}I *j::t
(TWO COITSECUTIVE VALUES PER LINE)

TIME
(sn)

. 00

.20

.40

.60

.80
I  . 00
L .20
1  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2 .60
2  . 80
3 .00
3 .20
3 .40
3 .60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5 .20
5  . 40
5 .  60

.000  *

.000  : k

. 0 0 0  : t

.000 ' : .

. 000  : k

. 000  *

.000  * -

.000  : k

. 000  *

.000 ' j .

. 0 0 0  " k
- i35 '^L

. 3 8 5  *

.22O :k

. 2 5 0  - .

. 2 7 8  *
-248 *
. 2 6 6  *
. 2 0 1  *
. 2 0 9  *
. 2 1 7  *
.202 *
. 2 0 8  *
. 1 6 6  *
.  170 - *

. r73  *

.L77  -&

. 1 8 0  ' *

. 1 5 7  - r

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 . 1 0
1 . 3 0
i . 5 0
1 . 7 0
1  . 9 0
2 .  l 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 .  3 0
3 . 5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 . 3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 . 7 0

DISCHARGE ****-*** TIME
( cFS)  *  ( sn )

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 1 6

. 2 6 5

. 4 9 1

. 2 3 5
- 2 6 4
. 2 3 9
. 2 5 7
. 2 7  4
. 2 0 5
. 2 L 3
.  1 9 9
. 2 0 5
. 2 r l
.  1 6 8
. 7 7  2
.  r 7 5
.  1 7 8
. 1 8 2
.  1sB

r!-r!-!.r!-i!.r!-i!.r!--.--.--.,r.--r,-.--r,-..{-r!,r!-r!-..r!^..r.--r--..-.-

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAX SYSTEM TMNSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY T.JILLIAHS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01. IF THE USER I.TISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREA},I DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

{--3--!.-!..!-.!--.--.--.



:1-**- HYDII"AULIC INPUT VALUES FOR SUBWATERSHEDS *:t-*

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NTJMBER HR HR K-HRS X HYDRO

1  6  .  5 0  7 5  . 0 0  . 0 5 0  . 0 2 0  . 0 2 0  . 3 9  .  0
2  3 .  1 0  7 5  . 0 0  . 0 5 0  . 0 1 0  . 0 1 0  . 4 0  _ .  0

:.< * *. COMPUTED VALUES FOR INDIVIDUAL T.IATERSHED$ :? .J :.:

T.IATERSHED PEAK FLOW RUNOFF
(cFs)  ( rucues)

1  I  . 0 4  . 2 7
2  . 5 0  . 2 7

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

***-r-r SUMMARY TABLE FOR TOTAL WATERSHED -r****

RUNOFF VOLUUE
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 2 1 6 0  A C R E - F T
-  1 . 5 3 8 4  C F S
=  9 . 6 0 0 0  A C R E S
=  2 . 5 0  H R S

NULL STRUCTURE



:1- >1- >k * 'ir -,"- -l-

JIJNCTION 4, BRANCH I,  STRUCTURE I

-***-:-l RESULTS FROM SUBT,IATERSHED1 r.--.,r.,-.-r..

*** HYDROGRAPH AND SEDIMIIfI Qtu\pfl *:t*
(TwO cOIISECUTIVE VALUES PER LINE)

TIME
(HR)

. 00

.20

.40

.60

.80
1  . 00
I  . 20
1  . 40
1 .60
1 .80
2  . 00
2 .20
2 .40
2 .  60
2  . 80
3 .00
3 .20
3  . 40
3 .  60
3  . 80
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5 .20
5  . 40
5 .  60

DISCHARGE :':*'t-'**-,1-*- TIME
( cps ) -* (sn)

DISCHARGE
( cps )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 1 5

. 0 9 5

.  1 8 0

. 2 5 0

. 1 0 9

. 1 1 8

.  1 0 3

. 1 0 8

.  1 1 3

. 0 8 3

. 0 8 6

. 0 7 9

. 0 8 1

. 0 8 2

. 0 6 5

. 0 6 6

. 0 6 7

. 0 6 8

. 0 6 9

. 0 6 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 3 4

. 1 3 9

. 2 1 6

. 1 0 5

.  1 1 4

. L 2 2

. 1 0 6

.  1 1 1

. 0 8 2

. 0 8 5

. 0 8 7

. 0 8 0

. 0 8 2

. 0 6 5

. 0 6 5

. o 6 7

. 0 6 7

. 0 6 8

. 0 5 9

. 10

.30

.50

.70

.90
1 .10
1 .30
1 .50
1 .70
1  . 90
2. ro
2 .30
2 .50
2 .70
2 .90
3 .  10
3 .30
3 .50
3 .  70
3 .90
4 .10
4 .30
4 .  50
4 .70
4 .90
5 .10
5  . 30
5 .50
5 .70



BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAU SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAUS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ. TO .01.  IF THE USER TI ISHES TO EVALUATE THE TRANS- -

PORT CAPACITY OF THE STREAM DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.

WATER
SHED

*** HYDMULIC INPUT VALUES FOR SUBWAf[ft$fl[!$ *-*:;

AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
ACRES NIJMBER HR HR K_HRS X HYDRO

. 90  80 .00  . 020  . 010  . 010  .  39

:.. * * COMPUTED VALUES FOR INDIVIDUAL WATERSHEDS .* * *

WATERSHED PEAK FLOW RUNOFF
(cFs)  (  rucuns)

. 0

I

NOTE: SEDII'IENT DOES NOT

. 2 5  . 4 2

INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

**-:;-:-* SIjMMARY TABLE FOR TOTAL WATERSHED **-J::tJ:

RTTNOFF VOLTIME
PEAK DISCHARGE
AREA
TI},IE OF PEAK DISCHARGE

. 0 3 1 7  A C R E - F T

.2498 CFS

.9OOO ACRES
2 . 5 0  H R S

*SUMMARY TABLE OF COMBINED HYDROGMPH AND SEDIGRAPH VALUES*

PREVIOUS UUSKINGTIM ROUTING X
PREVIOUS I'{USKINGTJ},I ROUTING K
PREVIOUS ROUTED PEAK DISCHARGE
TIME OF ROUTED PEAK DISCHARGE
TOTAL DMINAGE AREA
TOTAL RUNOFF VOL{'ME
PEAK RI'NOFF DISCHARGE
TIME TO PEAK DISCHARGE

. 3 7
. 0 4 0 0  H R s
8 . 8 7  C F S
2 . 5 0  H R S

3 3 . 3 0  A C R E S
I . 2 7 1 1  A C - F T

9 . I 2  C F S
2 . 5 0  H R S

NULL STRUCTURE



* - * * * * ' : : ? > ?

JTJNCTION 4, BRANCH 2, STRUCTURE 1

**-*-i.-*- RESULTS FROM SUBWATERSHED f -*-.'<-*-.k*-

**r* HYDROGRAPH AND SEDIUI],|I Qtulpfl :t-*:t
(TwO COIISECUTIVE VALUES PER LINE)

TIME
(HR)

. 00
-20
.40
.60
.80

I  . 00
1 .20
I  . 40
1 .60
1  . 80
2 .00
2 .20
2 .40
2  . 60
2 .  B0
3 .00
3 .  20
3 .40
3 .60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .  B0
5  . 00
5  . 20
5 .40
5 .60
5  . 80
6  . 00
6 .20
6 .40
6 .60

DISCHARGE'*'***rr:k-; TIME
( cFs ) '* (un)

DISCHARGE
(c rs)

.  0 0 0

.  0 0 0

. 0 0 0

. 0 0 0

.  0 0 0

. 0 0 0

.  0 1 5

. 0 4 4

.  i 1 3

.2 r4

. 3 0 7

. 5 1 5

. 7  3 6

. 6 3 0

. 4 6 1

. 4 0 8

.  3 3 9

. 3 2 8
-290
-254
. 2 4 4
. 2 2 4
.22r
.  2 0 1
.  I 8 2
. 1 7  7
. t 7 4
. t 7  5
. 1 6 5
. 1 5 6
. 1 4 7
. 0 4 8
. o 2 t
. 0 0 6

.000 : ' ;

.000 ' *

.000 ; ' ;

.000 :k

.000  ;?

.000  *

. 000  *

.O29 r r

. 063  *

. 169  *

.256 : '<

.443 :k

.662 * -

. 7 7 7  *

. 5 0 2  *

.434 : ' r

. 3 6 8  *

.329 :?

.323 *

. 2 6 3  *

. 2 4 9  *

.232 -:

. 2 2 2  *

. 2 1 8  *

.  187 :?

. 1 7 9  *

. 1 7 5  * - -

. t 7 4  *

. L 7 4  *

. 1 5 9  J x

. 1 5 5  *

.093 - i .

. 0 3 2  *

. 0 1 2  *

. 1 0

. 3 0

. 5 0

. 7 0

. 9 0
1 .  1 0
1 . 3 0
1  . 5 0
1 . 7 0
1  . 9 0
2 . 1 0
2 . 3 0
2 .  5 0
2 . 7 0
2 . 9 0
3 . 1 0
3 . 3 0
3 .  5 0
3 .  7 0
3 . 9 0
4 .  1 0
4 .  3 0
4 .  5 0
4 . 7 0
4 . 9 0
5 . 1 0
5  . 3 0
5 . 5 0
5 . 7 0
5  . 9 0
6 . 1 0
6  . 3 0
6 . 5 0
6 . 7 0



,k'*:k HYDtu|ULIC INPUT VALUES FOR SUBI^IATERSHEDS ***

T,IATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NTJMBER HR HR K-HRS X HYDRO

1  1  .  5 0  9 0 . 0 0  .  1 4 0  . 0 0 0  . 0 0 0  . 0 0  2  . o
_

* * * COHPUTED VALUES FOR INDMDUAL WATERSHED$ :t r: :k

WATERSHED PEAK FLOW R{INOFF
(cFS) ( rucsns)

I  . 7 8  . 8 9

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

***** SIJMUARY TABLE FOR TOTAL WATERSHED ;r-k:3-s:k

RT'NOFF VOLTIME
PEAK DISCHARGE
AREA
TII{E OF PEAK DISCHARGE

=  . 1 1 1 6  A C R E - F T
=  . 7 7  6 7  C F S
=  1 . 5 0 0 0  A C R E S
=  2 . 6 O  H R S

NULL STRUCTURE



-!- -1- -!.

JIINCTION 5, BRANCH 1, STRUCTURE I

a-*-*-:1-* RESULTS FROM SUBI.IATERSHED f -.'.-:k:'r'.'r'i

TIME
(sn)

. 00

.20

.40

.60

.80
1  . 00
1 .20
I  . 40
1 .60
1  . 80
2  . 00
2 .20
2 .40
2  . 60
2 .  B0
3 .00
3 .20
3 .40
3 .  60
3 .80
4 .00
4 .20
4 .40
4 .  60
4 .80
5  . 00
5 .20
5  . 40
5 .60

*:?* HYDROGRAPH AND
(TwO CONSECUTIVE

. 302  *

. 000  *

. 000  *

. 161  *

.  1 6 1  : t

. 1 6 1  *

.  141 : r

.  141 :k

. 2 6 2  : k

. 2 6 2  *

.262 : t

. 4 4 4  ' r

. 4 4 4  *

. 1 7 1  - : -

. 1 7 1  *

.  1 7 1  ' k

.  141 * -

. 1 4 1  *

. 1 0 1  *

.  101 :k

.101 ' * ,

. 0 9 1  *

.  091 :k

. 0 7 1  *

. 0 7 1  *

.  071 : !

. 0 7 1  : ?

. 071 : '<

. 0 6 0  *

CURVE
NTJ},IBER

TC
HR

SEDIMENT GRAPH ***

VALUES PER LINE)

DISCHARGE';': ' irJ-b?:k TIME
(cFs)  * -  (Ha)

DISCHARGE
( cFs)

. 10

.30

.50
-70
.90

1 .10
I  . 30
1 .50
1 .70
1 .90
2 .10
2 .30
2 .50
2 .70
2  -90
3 .  10
3 .  30
3 .50
3 .70
3 .90
4 .10
4  . 30
4 .50
4 .70
4 .90
5 .10
5  . 30
5 -50
5 .70

. 0 0 0

. 0 0 0

.  1 6 1

. 1 6 1

. 1 6 1

.  1 4 1

. 1 4 1
_  1 4 1
. 2 6 2
. 2 6 2
. 4 4 4
. 4 4 4
. 4 4 4
.  i 7 1
.  1 7 1
.  1 4 1
. 1 4 1
.  1 4 1
.  1 0 1
.  1 0 1
.  0 9 1
. 0 9 1
.  0 9 1
.  0 7 1
.  0 7 1
. 0 7 1
.  0 7 1
. 0 7 1
.  0 6 1

ROUTING COEFFICIENTS UNIT
K-HRS X HYDRO

:t** l{f}tulULIC INPUT VALUES FOR SUBWATERSHEDS '::t*

WATER
SHED

AREA
ACRES

TT
HR

. 5 0 r00 .00 . 0 0 0 . 0 0 0 . 000 . 0 0 . 0



* :? * COMPUTED VALUES FOR INDMDUAL I^IATERSHEDS * *- *

WATERSHED PEAK FLOW RUNOFF
( C F S )  ( I N C H E S )

r  - 44  1 .76

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

**'**'k SIJMMARY TABLE FOR TOTAL WATERSHED :k:k;k:k-*

RUNOFF VOLTJME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 0 7 3 3  A C R E - F T
= -4437 CFS
=  . 5 O O O  A C R E S
=  2 . 3 0  H R S

*ST]MMARY T'ABLE OF COMBINED HYDROGRAPH AND SEDIGMPH VALUES'''

PREVIOUS MUSKINGIJU ROUTING X = .00
PREVIOUS MUSKINGIII.I ROUTING K = .0000 HRS
PREVIOUS ROUTED PEAK DISCHARGE = 9.90 CFS
TIME OF ROUTED PEAK DISCHARGE = 2.50 HRS
TOTAL DRAINAGE AREA = 35.30 ACRES
TOTAL RIINOFF V0LttUE = 1.4560 AC-FT
PEAK RIINOFF DISCHARGE = i0.34 CFS
TIME TO PEAK DISCHARGE = 2.50 HRS

NULL STRUCTURE
+ -.- rr- -r- -.. J-

*-5i.- RUN CoMPLETED ****





APPENDIX B

Des ign  o f  Conveyance  Cu lve r t  unde r  H ighway
f o r  P r o p o s e d  P o r t a l  E x p a n s i o n

No. 7102
RTCHARO B. WHIIE

9\

)F



TABLE OF CONIENTS

S e c t i o n

1 . 0  G E N E R A L

3 . 0  C U L V E R T

Pase

2.0 STORM RUNOFF CALCULATIONS

I

I
I

4 . 0  R E F E R E N C E S

T a b I e

2 - I  S u m m a r y  o f  R u n o f f  C a l c u l a t i o n s

LIST OF TABLES

P a s e

q

LIST OF FIGURES

F i p . u r e

2 - I  W a t e r s h e d  B o u n d a r i e s f o r  C u l v e r t  D e s i g n

IIST OF ATTACIIHENTS

At  t achmen t

C u L v e r I  D e s i g n a n d  R u n o f f  C a l c u l a t i o n s

Paee

I



APPENDIX B

Des ign  o f  Conveyance  Cu lve r t  u r rde r  H ighway
f o r  P r o p o s e d  P o r t a l  E x p a n s i o n

1.0  GENERAL

T h i s  a p p e n d i x  p r e s e n t s  a  d i s c u s s i o n  o f  t h e  h y d r o l o g i c  c o n d i t i o n s  a s s o c i a t e d

w i th  t he  conveyance  cu l ve r t s  a long  and  unde r  t he  coun ty  road  f rom the  po r ta l

e x P a n s i o n  a r e a s  t o  t h e  e x i s t i n g  d i v e r s i o n s  a n d  s e d i m e n t  c o n t r o l  s f r u c t u r e s .

C o m p u t a t i o n s  a r e  b a s e d  u p o n  a  f i e l d  r e c o n n a i s s a n c e  o f  t h e  a r e a ,  p r o p o s e d

o P e r a t i o n s  a r e a  t o p o g r a p h y  p r o v i . d e d  b y  S o l d i e r  C r e e k  C o a I  C o m p a n y  ( S C C C ) ,  a n d

P u b l i s h e d  h y d r o l o g i c  i n f o r m a t i o n -  I n  a d d i t i o n ,  t h e  d e s i g n s  a r e  b a s e d  o n  t h e

a s s u m P t i o n  t h a t  t h e  c u l w e r t  i s  a  t e m p o r a r y  s t r u c t u r e  w h i c h  w i l l  b e  r e m o v e d  u p o n

c e s s a t i o n  o f  m i n i n g

2.0 STORM RUNOFF CALCULATIONS

W a t e r s h e d  b o u n d a r i e s  u s e d  t o  d e t e r m i n e  r u n o f f  c o n d i t i o n s  a b o v e  C u l v e r t s  / l 4 a

a n d  b  a r e  s h o w n  o n  E x h i b i t  1 0 . 2 . 4 - I .  W a t e r s h e d  1 2  h a s  a n  a r e a  o f  3 . 6 / a c r e s  a . r d

w i l l  d r a i n  i n t o  t h e  p r o p o s e d  d i w e r s i o n  D i t c h  / f 3 ,  w h i c h  c o n v e y s  r u n o f f  c o  t h e

s o u [ h  a l o n g  t h e  c o u n t y  r o a d  ( s e e  F i g u r e  2 - 1  a n d  P l a t e  1 0 . 2 . 4 - 2 ) .  W a t e r s h e d  1 4

d r a i n s  t h e  p o r t a l  a r e a  a n d  h a s  a  d r a i n a g e  a r e a  o f  0 . 8  a c r e s .

Da ta  ob ta ined  f rom I ' I a te rsheds  12  and  14  were  i npu t  i n to  t he  SEDIMOT I I

c o m P u t e r  p r o g r a m  d e w e l o p e d  b y  W a r n e r ,  e t .  a I .  (  1 9 8 0 )  c o  g e n e r a t e  r u n o f f

h y d r o g r a p h s  f o r  t h e  1 0 - y e a r ,  6 - h o u r  s t o r m  r e q u i r e d  b y  t h e  D i v i s i o n  o f  0 i l ,  G a s ,

a n d  M i n i n g  ( 1 9 8 9 )  f o r  d e s i g n  o f  t e m p o r a r y  c u l v e r t  s t r u c t u r e s .  T h e  p r o g r a m  m o d e l s

r u n o f f  u s i n g  t h e  r a i n f a l l - r u n o f f  f u n c t i o n  o f  t h e  U . S .  S o i l  C o n s e r v a t i o n  S e r v i c e

( 1 9 7 2 )  a n d  t h e  u n i r  h y d r o g r a p h  o f  H a a n  ( 1 9 7 0 ) .

A c c o r d i n g  t o  t h e  U . S .  S o i I  C o n s e r v a t i o n  S e r v i c e  ( I 9 7 2 ) ,  t h e  a l g e b r a i c  a n d

h y d r o l o g i c  r e l a t i o n s  b e t r . r e e n  s t o r m  r a i n f a l l ,  s o i l  m o i s t u r e  s f o r a g e ,  a n d  r u n o f f

c a n  b e  e x p r e s s e d  b y  [ h e  e q u a t i o n s :
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Q  =  ( P - 0 . 2 s ) 2
P + 0 .  B S

( 2 - 1 )

and

S  =  1 0 0 0  -  1 0  Q - 2 )
CN

w h e r e :

a  =  d i r e c t  r u n o f f  v o l u m e  ( i n c h e s )

S  -  r . r a t e r s h e d  s t o r a g e  f a c t o r  ( i n c h e s )

P  -  r a i n f a l l  d e p t h  ( i n c h e s )

C N  =  r u n o f f  c u r v e  n u m b e r  ( d i m e n s i o n l e s s )

The  ave rage  cu rve  number  f o r  t he  Wace rsheds  12  and  14  were  chosen  f rom

p r o f e s s i o n a l  j u d g e m e n t  a n d  t a b u l a t e d  v a l u e s  p r e s e n t e d  b y  t h e  U . S .  S o i l

C o n s e r v a t i . o n  S e r w i c e  ( 1 9 7 2 ) .  A c c o r d i n g l y ,  a  v a l u e  o f  B 0  w a s  u s e d  f o r  t h e

u n d i s t u r b e d  a r e a s  o f  W a t e r s h e d  1 2  a n d  a  w a l u e  o f  8 5  w a s  u s e d  f o r  t h e  d i s r u r b e d

a r e a s  o f  W a t . e r s h e d  1 4 .

T h e  t i m e  o f  c o n c e n t r a t i o n  f o r  t h e  w a t e r s h e d s  m a y  b e  e s t i m a t e d  b y  s e v e r a l

f o r m u l a s .  F o r  c h i s  r e p o r t ,  T .  w a s  d e t e r m i n e d  f r o m  t h e  f o l l o w i n g  e q u a t i o n s  ( U . S .

S o i l  C o n s e r w a t i o n  S e r v i c e ,  I 9 7 2 ) :

1  =  ) o . a  ( S + 1 ) o . z ( 2 - 3 )

1 9 0 0  Y 0 . s

and

T p = L + d / 2 Q - 4 )

ano

T "  =  1 . 6 7 L  ( 2 - 5 )

w h e r e :

L  -  w a E e r s h e d  l a g  ( h o u r s )

I  =  h y d r a u l i c  l e n g r h  o f  r h e  v a t e r s h e d ,  o r  d i s t a n c e  a l o n g  t h e  m a i n  c h a n n e l

E o  t h e  w a t e r s h e d  d i w i d e  ( f e e c )

S  -  w a t e r s h e d  s t o r a g e  f a c t o r  d e f i n e d  i n  e q u a t i o n  ( 2 - 2 )

Y  =  a v e r a g e  w a t e r s h e d  s l o p e  ( p e r c e n t )



TP

d

Tc

=  t i m e  t o  p e a k  ( h o u r s )

=  d u r a t i o n  o f  e f f e c t i w e

=  t i m e  o f  c o n c e n t r a t i o n

o r  i nc remen ta l

( h o u r s  )

r a i n f a l l  ( h o u r s )

T h e  t r a n s l a t i o n  o f

b y  t h e  p r o g r a m  u s i n g

c h a r a c t e r i z e d  b y  t h e

t h e  r u n o f f  d e p t h

t h e  c u r v i l i n e a r

equa t  i ons  :

C o  a n  o u t f l o w  h y d r o g r a p h

un i t  hyd rog raph  o f  Haan

i s  a c c o m p l i s h e d

( 1 9 7 0 ) .  I r  i s

( 2 -  6 )

=  u n i t  h y d r o g r a p h  o r d i n a t e  a t  t i m e  t ,

p e a k  f l o $ r  r a t e ,  a n d

a  p a r a m e t e r  d e f i n e d  b y  t h e

V = gptp t ( c r r o )  ( 2 - l )

v n e r e :

V  =  r u n o f f  w o l u m e  ( o n e  i n c h  f o r  u n i c  h y d r o g r a p h ) ,

f  -  garnma funct . ion,

a n d  o c h e r  p a r a m e t e r s  h a v e  b e e n  p r e v i o u s l y  d e f i n e d .

The  SEDIMOT I I  compuLer  p rog ram ! / as  run  fo r  t he  wa te rsheds  and  the  i . npu t

c a l c u l a t i o n s  a n d  r e s u l t s  a r e  p r e s e n L e d  i n  A t t a c h m e n t  A .  T a b l e  2 - 1  s u m m a r i z e s  t h e

i n p u E .  a n d  r e s u l t i n g  p e a k  f l o w s  f o r  t h e  w a t e r s h e d s .

3.0  CULVERT DESIGN

T o  c o n v e y  t h e  c o l l e c c e d  r u n o f f  f r o m  d i v e r s i o n  D i c c h  t t 4  a d j a c e n t  t o  t h e

p r o p o s e d  r o a d  r e a l i g n m e n t  t o  t h e  e x i s t i n g  l 8 " x l 8 "  d i v e r s i o n  d i c c h ,  i t  w i l l  b e

n e c e s s a r y  f o  i n s t a l l  t w o  d r a i n a g e  c u l v e r t s .  T h e  p r o p o s e d  l o c a t i o n s  o f  t h e s e

c u l v e r t s  a r e  s h o w n  o n  E x h i b i c  1 0 . 2 . 4 - I .  I t  i s  p r o p o s e d  t h a t  t h e s e  c u l v e r t s  b e

a  2 4 - i n c h  " C l a s s  C "  s t e e l  p i p e  c u l v e r E  i n  t h e  u p p e r  s e c t . i o n  a l o n g  t h e  e a s L  s i d e

q( r )  -  [g " r t - .z .o l f : ' e
%L'ol

where

q (

Y p

c3

r )

i s equa  t  i on

| " tt'o
L.-t-l



T a b l e  2 - l

Summary of Runoff  Calculat ions

Wate rshed  A rea
( a c r e s  )

Tc  Runo f f  Depch
( h o u r s )  ( i n c h e s )

Curve No P e a k  F l o w
( c f s  )

I 2

L 4

T o t a l

BO

B5

3 .  60

0 .80

.090

.  110

. 3 0 0

. 4 6 0

0 .  9 4

0 . 3 6

I  . 3 0



o f  t h e  r o a d ,  a n d  a n  a t - g r a d e  c o n c r e c e  r e i n f o r c e d  i B - i n c h  s t e e l  S c h e d u l e  B 0  p i p e

u n d e r  t h e  r o a d .  I C  i s  p l a n n e d  t h a t  t h e  c u l v e r t  w i l l  b e  i n s C a l l e d  d u r i n g  t h e

p r o p o s e d  r o a d  r e a l i g n m e n t  a n d  w i l l  b e  f i e l d  f i t  t o  e n s u r e  t h a t  t h e  j u n c t i o n  w i t h

t h e  e x i s t i n g  d i E c h  i s  m a d e  a t  a n  a n g l e  o f  n o  m o r e  t h a n  3 0  d e g r e e s .  T h e  c u l v e r t

a l o n g  t h e  r o a d ,  C u l v e r t  4 ^ ,  w i l l  c o l l e c t  r u n o f  f  f  r o m  D i t c h  / / 4  _ - a n d  t h e  r o a d

ba r r i e r  d i cch .  The  runo f  f  f  r om d i t ch  i i 4  r , r i  l l  en te r  t he  p ipe  above  the  head r . ra l l

f o r  E h e  S o l d i e r  C r e e k  B y - p a s s  C u l v e r t  O u t l e t ,  r . z h i . l e  r u n o f f  f r o m  t h e  r o a d  b a r r i e r

d i t c h  w i l l  b e  c o l l e c r e d  u s i n g  t w o  d r o p - i n l e t s  a s  i n d i c a t e d  i n  E x h i b i t  1 0 . 2 . 4 - 1 .

T h e  d e s i g n  a n d  s i z i n g  c a l c u l a t i o n s  f o r  t h e s e  c u l v e r t s  a r e  p r e s e n t e d  i n  A t t a c h m e n t

A .

4 .O  REFERENCES

Chor.z, V . T
Y o r k .

1 9 5 9 .  O p e n  C h a n n e l  H y d r a u l i c s M c G r a w - H i .  L  I Ne w Yo rk , Ner"'

H a a n ,  C . T .  1 9 7 0 .  A  d i m e n s i o n l e s s
A g r i c u l t u r a l  E n g i n e e r i n g  D e p a r t m e n t
K e n t u c k v .

h y d r o g r a p h  e q u a I  i o n  .  F i  l e  R e p o r t ,
U n i v e r s i t y  o f  K e n [ u c k y .  L e x i n g [ o n ,

M i I l e r ,  J . F . ,  R . H .  F r e d e r i c k ,  a n d  R . J .  T r a c e y .
F r e q u e n c y  A t l a s  o f  t h e  W e s t e r n  U n i r e d  S t a t e s .
Depa r tmen t  o f  Commerce .  S i lwe r  Sp r i ng ,  Mary land

U .  S .  S o i  I  C o n s e r v a t i o n
S e c t i o n  4 :  H y d r o l o g y .

r973 .
Vo lume  V I

P r e c i p i t a t i o n -
-  U t a h .  U . S .

S e r w i c e .  1 9 7 2 .  N a t i o n a l  E n g i n e e r i n g  H a n d b o o k ,
U . S .  G o w e r n m e n E  P r i n t i n g  O f f i c e .  W a s h i n g t o n ,  D . C .

U t a h  D i v i s i o n  o f  O i 1 ,  G a s  a n d  M i n i n g . 1 9 8 9 . Utah C o a l  M i n i n g  a n d
to  Unde rg round  Coa IR e c l a m a t i o n  R e g u l a t o r y  P r o g r a m .  R - 6 1 4 ,  R u l e s  P e r [ a i n i n g

M i n i n g  A c t i v i c i e s .  S a I c  L a k e  C i t y ,  U t a h .

W a r n e r ,  R . C . ,  B . N .  W i l s o n ,  B . J .  B a r f i e l d ,  D . S .  L o g s d o n ,  a n d  P . J .  N e b g e n .  1 9 8 0 .
A  H y d r o l o g y  a n d  S e d i m e n t o l o g y  W a t e r s h e d  M o d e l .  D e p a r t m e n t  o f  A g r i c u l t u r a l
E n g i n e e r i n g .  U n i v e r s i r y  o f  K e n t u c k y .  L e x i n g t o n ,  K e n t u c k y .
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./n

TIHE
(HR)

. 0 0

. 2 0

. 4 0

. 6 0

. 8 0
I  . 0 0
1 . 2 0
1  . 4 0
1 . 6 0
1 . 8 0
2  . 0 0
2 . 2 0
2  . 4 0
2  . 6 0
2 . 8 0
3 . 0 0
3 . 2 0
3  . 4 0
3 . 6 0
3 .  B 0
4 . 0 0
4 -20
4 . 4 0
4 .  6 0
4 .  B 0
5 . 0 0
5 . 2 0
5  . 4 0
5 . 6 0

:!:'ii. HYDMULIC

:t :'r >'r :? >k >k r'< :? :'< r'c t'< :k r'< :'r :t rt :'<

JUNCTION 2,  BRANCH 2,  STRUCTURE
:'< :'< >? J< J< -,'r :'r :t r'r :? r'r r'c r'< tt :t >'; >k

DISCHARGE >?*:?:tJ<r'<>'c TIME
( c F S )  : t  ( H R )

:k:k:';:'<:k RESULTS FROM SUBWATERSHED

:';*:'; I{{IftQGRAPH AND SEDIMENT Gtu{pH >?*]'(
(TI.IO C0NSECUTIVE VALUES PER LINE)

r ? * *

I
ic :? J< r'<

DISCHARGE
( cFs)

. 0 0 0

. 0 0 0

. 0 0 0
-  0 0 0
. 0 0 0
. 0 0 0
-  0 0 0
. 0 0 0
.  0 0 0
. 0 0 0
. 0 0 0
. 0 1 7
.  6 8 5
. 2 9 3
. 3 2 5
. 3 5 5
. 3 3 0
-  3 5 0
- 2 2 6
. 2 3 3
. 2 4 0
. 2 4 6
. 2 5 3
. 1 9 4
.  197
.  2 0 1
. 2 0 4
. 2 0 7
. 1 7 5

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 3 9 0

. 9 4 5

.  3 1 0

.  3 4 0

. 3 1 9

. 3 4 0

. 3 5 9

. 2 2 9

. 2 3 6

. 2 4 3

. 2 4 9

. 2 5 6

. 1 9 6

.  r99

. 2 0 2

. 2 0 6

.  2 0 9

. t 7 6

r k  . 1 0
r k  . 3 0
: k  . 5 0
) t  . 7 0
: ?  . 9 0
: k  1 . 1 0
; ?  1 . 3 0
' ?  1 . 5 0
: ' ;  1 . 7 0
r ' <  1 . 9 0
r k  2 .  1 0
: k  2 . 3 0
) k  2  . 5 0
: ' r  2 , 7 0
> ' .  2 . 9 0
r :  3 . 10
>'. 3. 30
: k  3 .  5 0
: ' r  3 - 7 0
: k  3 . 9 0
: ' r  4 - 1 0
*  4 . 3 0
: k  4 . 5 0
: ' r  4 . 7 0
: ?  4 . 9 0
: ?  5 .  1 0
: t  5 . 3 0
: ' r  5 . 5 0
: k  5 . 7 0

WATER
SHED

AREA
ACRES

CURVE
NUHBER

INPUT VALUES FOR SUBWATERSI{I!$ :?:"-:'r

ROUTING COEFFIC IENTS UNIT
K-HRS X HYDRO

TC
HR

TT
HR

3 . 6 0 8 0 . 0 0 . 0 9 0 . 0 0 0 . 0 0 0 . 0 0 . 0



=/o

:.< * :t COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ J< :K ;K

I.IATERSHED PEAK FLOW RUNOFF
( crs ) ( rNClrES )

L  . 9 4  . 3 0

NOTE: SEDIMENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY MTIO 2

:';:?:t:'<:t SUUMARY TABLE FOR TOTAL WATERSHED >?:?:?:?r'<

RUNOFF VOLUME =  .0887  ACRE-FT
PEAK DISCHARGE = .9448 CFS
AREA _  3 .6000  ACRES
TIME OF PEAK D ISCHARGE =  2 .5O HRS

NULL STRUCTURE



//,t

:'. -.': -.'. :? :: ):. -i< :t :'r :t :k :'; >k -l >? >:r :!

JUNCTION 2,  BRANCH 2,  STRUCTURE
:? -: * :k :'< J< :k :'r :'r :k :k r? r'< :k :'r :'< :t

DISCHARGE :'s:k:'r:'r:'r:'r:'r TIME
( crs ) : ' r  (HR)

2

t  ! ! . r . - r . - r . - r . -*"'<>'<>'<:k RESULTS FROM SUBWATERSHED

:t:'<:k flfpftQGRApH AND SEDIMENT GRApH *:.r:t
(TwO CONSECUTIVE vALUES PER LINE)

T I H E
( H R )

DISCHARGE
( C F S )

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

.  0 5 1

. 2 2 8

. 3 5 5

. 1 0 7

.  1 1 4

.  1 0 4

.  r0B

.  1 1 2

. 0 7 1

. 0 7 2

. 0 7  4

. 0 7 5

. 0 7 6

. 0 5 8

. 0 5 8

. 0 5 9

. 0 6 0

. 0 6 0

.  0 5 1

. 0 0

. 2 0

. 4 0

. 6 0

. 8 0
1  . 0 0
1 . 2 0
i  . 4 0
1 . 6 0
1 . 8 0
2 . 0 0
2 . 2 0
2  . 4 0
2  . 6 0
2 .  B 0
3 . 0 0
3 . 2 0
3  . 4 0
3 . 6 0
3 . 8 0
4  . 0 0
4 . 2 0
4  . 4 0
4  . 6 0
4 .  B 0
5  . 0 0
5 . 2 0
5  . 4 0
5 . 6 0

.000 : ' ;

. 0 0 0  : k

.  000 ;k

.  000 >t

. 0 0 0  : k

. 0 0 0  : ?

.000  : ' ;

. 0 0 0  : ?

. 0 0 0  ' :

.000  ' : .

.000  ' ; :

. t q l  *

.297 -:(

. 104 >'(

. 1 1 1  - : .

. 1 1 7  > ' r

. 1 0 6  : ?

. 1 1 0  : ' r

.070 : ' r

.07  I  : ' s

. 0 7 3  : k
-ol  4 >k
. 0 7 5  ' : .

.057  > ' {

.058 : ' ;

.059  : ' r

. 0 5 9  : ' :

.060  > ' .

. 0 5  I  : i c

. 1 0
- 3 0
. 5 0
. 7 0
. 9 0

1 . 1 0
1 . 3 0
1 . 5 0
1 . 7 0
I  . 9 0
2 . 1 0
2 . 3 0
2 . 5 0
2 . 7 0
2 . 9 0
3 .  1 0
3 . 3 0
3 . 5 0
3 . 7 0
3 .  9 0
4 . 1 0
4 . 3 0
4 . 5 0
4 . 7 0
4 . 9 0
5 . 1 0
5 . 3 0
5 . 5 0
5 . 7 0

BETA IS NEGATIVE WHICH INHERENTLY INDICATES THAT THE
STREAM SYSTEM TRANSPORT CAPACITY EXCEEDS THE SEDIMENT
LOAD, AS EVALUATED BY WILLIAMS' TECHNIQUE. SEDIMOTII
DOES NOT CONSIDER ERODIBLE CHANNELS SO BETA IS SET
.EQ.  T0  .01 .  rF  THE USER WISHES TO EVALUATE THE TRANS-
PORT CAPACITY OF THE STREAH DIRECTLY HEISHE SHOULD USE
SUBROUTINE SLOSS.
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>.I:.<>? I{tPfu{ULIC INPUT VALUES FOR SUBWATERSHEDS ).<:.r>.(

WATER AREA CURVE TC TT ROUTING COEFFICIENTS UNIT
SHED ACRES NUUBER HR HR K-HRS X HYDRO

I  . 8 0  8 5  . 0 0  . 0 8 0  . 0 0 0  . 0 0 0  . 0 0  .  0

>? :? ;t COMPUTED VALUES FOR INDIVIDUAL WATERSHED$ :.< >K T.;

WATERSHED PEAK FLOW RUNOFF
( C F S )  ( I N C H E S )

1  . 3 6  . 4 6

NOTE:  SEDIHENT DOES NOT INCLUDE POSSIBLE DEPOSITION BY DELIVERY RATIO 2

:,I>.<'};.I;.; SUMHARY TABLE FOR TOTAL WATERSHED :?:';:'::';;'<

RUNOFF VOLUME
PEAK DISCHARGE
AREA
TIME OF PEAK DISCHARGE

=  . 0 3  l 0  A C R E - F T
=  . 3 5 5 1  C F S
= .8000 ACRES
=  2 . 5 0  H R S

:..SIJMHARY TABLE OF COMBINED HYDROGMPH AND SEDIGRAPH VALUES':

PREVIOUS MUSKINGUM ROUTING X  =  .33
PREVIOUS MUSKINGLTM ROUTING K = .0400 HRS
PREVIOUS ROUTED PEAK DISCHARGE = .94 CFS
TIME OF ROUTED PEAK DISCHARGE = 2.5O HRS
TOTAL DRAINAGE AREA = 4.40 ACRES
TOTAL  RUNOFF VOLUME =  .1196  AC-FT
PEAK RUNOFF D ISCHARGE =  1 .30  CFS
TIME TO PEAK D ISCHARGE =  2 .50  HRS

NULL STRUCTURE
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E

4' BITUUTNOUS SURFACE COURSE 3/4'
6. UMTRL{TED BASE COURSE 3/1' OR

N

MAX.. REO'O- AND
25. FTDIUS TYPTCAL
(UNLESS OTHERWSE
SHOWN ON THE
Pt^l.t SHEETS)

l '  M x. ,  REo'D

q soolER CREEK ROAD

TYPICAL BARRIER INSTALT-ATION PLAN

ETTUMTNOUS SURFACE COURSE 3/4' MrX.. REO.D.

uNTRtlTE0 BASE COURSE 3/4' OR r' MAX., REO'o.

DTTAIL B_B

BARRIER PLACEMENT DE-TAIL

6- UNTRE^TED BASC COURSI 3/4' OR 1' MAx.. REA.O_
25' RADIUS TYPICAL
(UNLESS OTHERWISE
SHOWN ON THE
PL N SHeerS)

UNPAVED ACCESS ROAD

a\",/

-

BTTUMTNOUS SURFACE COURSE. f/4- MAX.. REO'D.
UNTRIATEo BASI COURSI. )/1' rO l '  M.AX.. REO'D.

CUI  SLOPE FROM STA I6+ ' tO
T O  S T A  1 8 + 9 0  l S  1 . 2 5 : 1 .

'<Kt

DETAIL A_A TYPICAL SECTION
DESICN SFEIDJO Mf}i

s rA .  
' l o+00 To sTA 22+Jf .50

wlOTH ̂ l.ID LTNGIX VARTTS
(sEE PtAr.{ SHEEI)

ASPMLT IMPREGNATED POLYURETII^NE
FOA.II JOIMI SEATANT. REO'o.
(TYPTCiL Al! JO[JTS).

MATCH ROADWAY CROSS SLOPE
5- UNTREATEO BASE COURSE .]/4- OR t- MAX.
4. BITUMINOUS SURFACE COURSE J/4' M^X.

AJi
WOIH ANO LENG'IH VARITsI

(SEE PI^N SHEFI)

q SOLDIER CREEK ROAD

6. UNTREATED EASE COURSE J,/4'

o.
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L I F T I N G  S L O T S r I . -O I  I . .3 AT REAR OF BANRIER ONL

. CSAHFER

LIFTING SL.OTS

TERMINAL PLAN

I7z. DIA- HOLE TO ACCOMMODATE
ORIFT P lN.  l l l 1 'D tA. r3 ' -O WITH
HEX NUT ANO TYASHER. DETAILS
SIMILAR TO CONNECTING PIN.

SECTION A .A

NOTES

GALV.  STEEL BAR 2 ' r  4 ' r  l ' - l l

I - THE PERIMETER OF ALL SECTtOflS A THE
TOP EDGE OF ALL SECTIONS SHALL B5
CHAMFEREO f /4 . .

2 .  I /8 .  ORAFT ON ALL NOTCHES TO FACIL ITATE
FORM REMOVAL.

3-  CONNECTION PIN E PLATE SHALL BE
GALVANIZEO-

4-  BARRTER REFLECTOR SPACING,SHALL gE

APPROXIMATELY SIX(6}  FEET FROH NOSE
END OF BARRIER A THEI {  ON StX(6)  FOOT
SPACING.

2 . I /2 ,  D IA.BOLTS CADHTUM PLATEO
W I T H  T H R E A O E O  I N S E R T S  C A S T  I N

TOP OF HE' IAN BARRIER

B A R R I E R  R E F L E C T O R

TERMINAL ELEVATION

E N O  O F  E A R R I E
3r2' HALF ROUND -36 STEEL l / /  r  3 ' r  2 ' -4  PLATE

GALVAN I Z EO
ASTM A-575 GRADE IO2O

3- lYz 'DtA.HoLES

TERMINAL  END DETAIL

l1
U

C O N N E C T I O N

S T E E L  P L A T E  C O N N E C T O R

P I N

f lOTE:  R" 'n ro tQ{  S l . . l  d lh€ntDn.  d .  s l  F  d t  o f  td  un lc t t  ohcr l l t '  tEd l l c . (

2-o7-at R€xovEO vl iE |-oOP CoNFCcToi DET TL
t-t5-at cuxo€o otr .  To ! 'oa cottemi !^ l

i f  roYEo Nfl  N6 I  t^SBfi  r tor drfdtot ?rr
D a L E T t D  X O T E  I  a  C h l r g f o i 6 f ! - r € r u t r t t t o

r ' -o  MTN.REO'0

EANRIER T AtTUMtNOU}\\
SURFACE REO.D \

M E T R I CTERMINAL  ISOMETRIC  -

T-

S E C T I O N  B  - B

UTAH DEPARTMENT
OF TRANSPORTATION

PRECAST CONCRETE
BARRIER AND

TERMINAL SECTION

srD.  DwG.  No.  735- lB
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6-s/{ x 2t/2' x

CATCH BASIN TYPE

r  2 ' - 1 t / z '  r
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-_l

SECTION C-C

?3/; i/i \2'-4t/i'

GRATE & FMME DTTAIL

SECTION A_A

q c^TcH BAS|N
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'IA 't0+o0

EL 6705.09

t50 l2 '  c .c .
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Circu lar  Channel  Analys is  & Design
Solved with Manning's Equation

Open Channel - Uniform flow

Worksheet Name: 24-j-nch pipe-maxsec 
\

Comrnentz 24-inch Pipe along County Road @ max. slope

Solve For Actual Depth

Given Input  Data:
D iamete r  2 .OO f t
Slope
Mann ingT ' s  n .  0 .015
D ischa rge . . .  1 . 30  c f s

Computed Results:
Dep th  o .2B  f t
Ve loc i t y  4 .15  f ps
F low  A rea  O .2 t  s f
C r i t i ca l  Dep th . . . .  o . 39  f t
C r i t i ca l  S lope .  .  .  .  o .  006 l -  f L /  f L
Percen t  Fu I l _  .  14 .24  Z
Fu l l  Capac i t y  29 .a0  c f s
QMAX e .94D  32 -05  c f s
Froude Nurnber  1.99 ( f  low is  Supercr i t ica l_)

O p e n  C h a n n e l  F l o w  M o d u l e ,  V e r s i o n  3 . 2  ( c )  1 9 9 0
Haestad  Methods ,  Inc .  *  37  Brooks i -de  Rd *  Waterbury ,  Ct  06708

T
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Circular Channel Analysi-s & Design
So lved w i th  Mann ing 's  Equat ion

Open Channel -  Uniform f low

Worksheet  Name:  24- inch  p ipe- rn insec

Comment:  24- inch Pipe along County Road - min. s lope

Solve For Actual Depth

Given Input  Data :
D i a m e t e r  2 . O O  f t
S l o p e  O . O o 7 8  f X / f L
M a n n i n g ' s  n  O . O 1 5
D i s c h a r g e . . .  .  l - . 3 O  c f s

Computed Resu l ts :
D e p t h  O . 3 7  f t
V e l o c i t y  3 . 2 4  f p s
F l o w  A r e a  O . 4 O  s f
C r i t i c a l  D e p t h .  . .  .  0 . 3 9  f t
C r i t i c a l  S l o p e .  .  .  .  O .  0 0 6 L  f t / f t
P e r c e n t  F u l I  1 8 . 5 4  Z
F u l I  C a p a c i t y  1 7 . 3 2  c f s
Q M A X  e . 9 4 D  l _ 8 .  6 3  c f  s
Froude Number  L . I2  ( f Iow is  Supercr i t i ca l )

O p e n  C h a n n e l  F l o w  M o d u l e ,  V e r s i o n  3 . 2  ( c )  l _ 9 9 0
Haestad  Methods ,  rnc .  *  37  Brooks ide  Rd *  waterbury ,  c t  06709
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Circu lar  Channel -  Analys is  & Design
Solved wi th  Manning,s  Equat ion

Open Channel  -  Uni form f low

Worksheet Narne: Culvert 4b

Comment: Culvert 4b - 18-inch under County Road

Solve For Actual Depth

Given Input  Data:
D i -amete r  1 .5O f  t
S l ope  0 .0050  f t / f t
Mann ing ts  n  O .  O l_5
D ischa rge . . .  1 . 3O  c f s

Conputed Results:
Dep th  0 .46  f t
Ve loc i t y . . .  2 . 85  f ps
F low  A rea  0 .46  s f
C r i t i ca l  Dep th . . . .  o . 43  f t
C r i t i ca l  S lope .  .  .  .  o .  0065  f t / f t
Pe rcen t  Fu I ]  30 .49  eo
Fu I l  Capac j - t y  6 .44  c f  s
QMAX e .94D  6 .92  c f s
Froude Number 0.87 ( f low is  Subcr i t ica l )

O p e n  C h a n n e l  F l o w  M o d u l e ,  V e r s i o n  3 . 2  ( c )  1 9 9 0
Haestad  Methods ,  fnc .  *  37  Brooks ide  Rd *  waterbury ,  c t  0670g
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Triangular Channel
open Channel

Worksheet Name: Road barr ier

Comment: Road Barrier Ditch

Solve For Depth

Given Input Data:
Le f t  S ide  S1ope . .
Right  S ide SJ-ope.
Mann ing ' s  n . . . . . .
Channe l -  S lope . . . .
D i scha rge . .  -

Computed Results:
Depth
Veloc i ty
Flow Area
F Iow  Top  W id th . . .
Wetted Perirneter.
C r i t i ca l  Dep th . . .
C r i t i ca l  S lope . . .
F roude  Number . . . .

Open Channel FIow
Haestad Methods,

Ana lys is  &  Des ign
Uniform f low

l - u

O .  1 -O :  1  (H:  V)  , \ )  c -L
5 o . o O : l -  ( H : V )  - . .  

r "  !

O. 02 L - .--
o.  o leo  f t /  f t
1 . 3 0  c f s

0 .  t _7  f t
1 .85  f ps
0 .70  s f
8 .40  f t
8 .55  f t
0 .18  f t
o .  o l - 4  8  f t /  f t
L .1 -2  ( f l ow  i s  Superc r i t i ca l )

Modu le ,  Ve rs ion  3 -2  ( c )  l - 990
Inc.  *  37 Brookside Rd ' t  Waterbury,  Ct  06708

t1/t1



APPENDIX C

Des ign  o f  Und i scu rbed  A rea  D ive rs ion
Above  P roposed  Po r ta l  Expans ion
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-'l ir,- ot

No. 7102
RIOIANO B. IVHITE
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Design of  Undist .urbed Area Diversr-on
Above  P roposed  Po r ta l  Expans ion

1.0 GENERAL

Th is  append i x  p resen t . s  a

w i t h  t h e  p o r t a l  d i v e r s i o n

und i s tu rbed  waEershed  above

d i scuss ion  o f  Ehe  hyd ro log i c  cond

a r e a s .  T h e  m e t h o d  o f  d i v e r t i n p

E h e  p o r t a l  a r e a  i s  d e f i n e d .

i t i o n s  a s s o c i a r e d

r u n o f f  f r o m  t h e

Compu ta t . i ons  a re  based  upon  a  f i e l d  reconna i ssance  o f  che  a rea  and  pub l i shed

h y d r o l o g i c  i n f o r m a E i o n .  I n  a d d i E i o n ,  t h e  d e s i g n s  a r e  b a s e d  o n  t h e  a s s u m p t i o n

t h a t  t h e  d i v e r s i o n  d i c c h  i s  a  c e m p o r a r y  s E r u c f u r e  w h i c h  w i I I  b e  r e c l a i m e d .

2.0 STORX RUNOFF CALCIILATIONS

l l a c e r s h e d  b o u n d a r i e s  u s e d  t o  d e E e r m i n e  r u n o f f  c o n d i t i o n s  a b o v e  t h e  p o r c a L  i s

s h o r . r n  o n  F i g u r e  2 - 1 .  W a t . e r s h e d  1 3 a  h a s  a n  a r e a  o f  2 - B  a c r e s  a n d  w i l l  d r a i n  i n t o

E h e  p r o p o s e d  d i v e r s i o n  d i t c h  w h i c h  c o n v e y s  r u n o f f  t o  t h e  s o u t h  a r o u n d  r h e  p o r c a l

a r e a  ( s e e  F i g u r e  2 - 1  a n d  E x h i b i c  1 0 . 2 . 4 - I ) .  W a t e r s h e d  l 3 b  h a s  a  d r a i n a g e  a r e a

o f  0 . 6  a c r e s  a n d  w i l l  a l s o  d r a i n  E o  a  p r o p o s e d  d i v e r s i o n  d i r c h  w h i c h  r ^ r r l l  c o n v e y

t h e  r u n o f f  t o  t h e  n o r t h  a s  s h o w n  o n  E x h i b i E  1 0 . 2 . 4 - L .  T h e  d r a i n a g e  f r o m  t h e s e

cwo  d i t ches  w i I l  be  conveyed  a round  the  d i s tu rbed  a rea  Eh rough  a  by -pass  cu l ve r t .

Da ta  ob ta ined  f rom t ^ Ia te rsheds  13a  and  13b  were  i npu t  i nco  the  compu Ie r  p rog ram

deve loped  by  Hawk ins  and  Marsha l I  ( f 979 )  Eo  gene raEe  runo f f  hyd rog raphs  fo r  che

1 0 - y e a r ,  6 - h o u r  s t o r m  r e q u i r e d  ( D i v i s i o n  o f  O i l ,  G a s ,  a n d  M i n i n g ,  L g B l )  f o r

des ign ing  che  tempora ry  d i ve rs ion  sEruc tu res .  The  p rog ram mode ls  runo f f  us ing

t h e  r a i n f a l l - r u n o f f  f u n c t i o n  a n d  t r i a n g u l a r  u n i c  h y d r o g r a p h  o f  t h e  U . S .  S o i l

C o n s e r v a c i o n  S e r v i c e  ( 1 9 7 2 ) .

A c c o r d i n g  t o  E h e  U . S .  S o i l  C o n s e r v a t i o n  S e r v i c e  ( 1 9 7 2 ) ,  t h e  a l g e b r a i c  a n d

h y d r o l o g i c  r e l a t i o n s  b e c l r e e n  s t o r m  r a i n f a l l ,  s o i l  m o i s c u r e  s t o r a g e ,  a n d  r u n o f f

can  be  exp ressed  by  t he  equa t i ons ,



Q  =  ( P - 0 . 2 S ) 2

P + 0 .  B S

d i recE  runo f f  vo lume  ( i nches )

sa t .e rshed  sEorage  fac to r  ( i nches )

r a i n f a l l  d e p t h  ( i n c h e s )

runo f f  cu rve  number  (d imens ion less )

(2 - r )

( 2 - 2 )

( 2 -3 )

( 2 - 4 )

aeco rd ing  to  Q  and  T ) and  o the r  pa rame te rs

e p  w i l l  b e  i n  i n c h e s  p e r  h o u r .

b y  s i m p l e  l i n e a r  p r o p o r t i o n i n g

and

where :

a=
S -
p =

C N =

S = 1 0 0 0 - 1 0
CN

The  ave rage  cu rve  number  f o r  t he  und i s tu rbed  Wate rshed  13  was  chosen  f rom

pro fess iona l  j udgemenc  and  Eabu la ted  va lues  p resen ted  by  t he  U .  S  .  So i  l

Conse rva t i on  Se rv i ce  ( t g lZ ) .  Acco rd ing l y ,  a  va lue  o f  75  was  used  fo r  t he

und i s tu rbed  a reas .

The  t rans la t i on  o f  che  runo f f  dep rh  t o  an  ou t f l ow  hyd rog raph  i s  accomp l i shed

in  t he  code  us ing  the  t r i angu la r  un i t  hyd rog raph  o f  t he  U .S .  So i l  Conse rva t i on

Serv i ce  0972 ) .  Th i s  un i c  hyd rog raph  i s  sho rm on  F igu re  2 -2  aLong  w i rh  a  cyp i ca l

c u r v i l i n e a r  h y d r o g r a p h .  f t  i s  c h a r a c t e r i z e d  b y  i t s  t i m e  E o  p e a k  ( T o ) ,  r e c e s s i o n

c i . m e  ( T r ) ,  l i m e  o f  b a s e  ( T u ) ,  a n d  E h e  r e l a E i o n s  b e t w e e n  t h e s e  p a r a m e t e r s  ( i . e . ,

T . = 1 . 6 7 T p ;  T u = 2 . 6 7 p ) .  T h u s ,  f r o m  t h e  g e o m e t r y  o f  a  t r i a n g l e ,  t h e  i n c r e m e n E a l

runo f f  (Q )  can  be  de f i ned  by  t he  equa t i on ,

Q  =  ( 2 . 5 7 T o ) ( q o )
2

q p  =  0 ' 7 5 q
Tp

where gp = peak f low rate (d imensioned

have been previously  def ined.

When Q is  expressed in inches and To in hours,

The f low at ,  any g ime 0 < E < T"  may be determined
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FIGURE 2-2.  DIMENSIONLESS UNIT HYDROGRAPH AND MASS-CURVE.



o f  che  c r i angu la r  un i t  hyd rog raph .  The  t ime  to  peak  i s  re la ted  co  the  fam i l i a r

exp ress ion  t ime  o f  concen t ra t i on  ( f " )  Uy  the  equac ion ,

T "  +  t  =  1 - 7 T o ( 2 - 5 )

a n  e m p i r i c a l  f i n d i n g  c i . c e d  b y  c E e  U . S .  S o i . Ii n  w h i c h  E h e  f a c t o r  I . 7  i s

C o n s e r v a c i o n  S e r v i c e  ( 1 9 2 2 ) .

The t ime of

repo rE ,  T "  was

Serv i ce  ,  I 972 ) :

and

where:
L =
I =

$ =

Y =
4r c  -

concentrat lon may

deEermined f rom the

b e  e s t i m a t e d  b y  s e v e r a l

f o l l o w i n g  e q u a t i o n s  ( U .

f o r m u l a s .  F o r  c h i s

S .  S o i l  C o n s e r v a t i o n

L  =  1 0 . 8  ( S + l ) o - 7

1 9 0 0  Y o ' s

T .  =  1 . 6 7 L

waEershed  l ag  (hou rs )

hyd rau l i c  l eng th  o f  t he  wa t .e rshed
t o  c h e  w a t e r s h e d  d i v i d e  ( f e e c )

wa te rshed  sEorage  fac to r  de f i ned
average sat .ershed s lope (percent)

c i ne  o f  concen t ra t i on  (hou rs )

,  o r  d i s t a n c e  a l o n g  t h e

i n  e q u a c  i o n  ( 2 - 2 )

( 2 -  6 )

Q - 7  )

main  channe l

The computer program

watersheds and the inpuc

Table 2-1 summarizes the

deve loped  by  Hawk ins  and  Marsha l l  ( 1919 )  was  run  fo r  t he

c a l c u l a c i o n s  a n d  r e s u l t s  a r e  p r e s e n t e d  i n  A t t a c h m e n t  A .

i npu t  and  resu l t i ng  peak  f l ow  vo lume  fo r  che  wa te rsheds .

3.0 DIVERSION DITCII DESIGN

The  d i ve rs ion  d i t ches  were  des igned  to  convey  runo f f  f r om the  und i scu rbed

wa t .e rshed  above  the  po r ta l s  away  f rom the  d i scu rbed  s i t e .  The  Mann ing  and

con [ i nu i t y  equa t i ons  l r e re  used  to  de te rm ine  Ehe  requ i red  s rz ing  o f  t he  d i t ches .

These  equa t i ons  a re :



.t
Tab le  2 -1

Summary of  Runof f  Calculat ions

Wa le rshed  A rea  Curwe  No .  Tc  Runo f f  Depch  Peak  F Iow
( a c r e s )  ( h o u r s )  ( i n c h e s )  ( c f s )

1 3 a  2 . 8 0  7 5  . 0 7 0  . 1 7 3  0 . 3 4

i 3 b  0 . 6 0  7 5  . 0 4 0  . I 7 3  0 . 0 8
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= 1.49 g2/3 gt/z

Q = A v

ve loc i t y  ( f ee t  pe r  second )
h y d r a u l i c  r a d i u s  ( f e e t )

h y d r a u l i c  s l o p e  ( f e e c  p e r
r o u g h n e s s  c o e f f i c i e n t
d i scha rge  ( cub i c  f ee t  pe r
f l ow  a rea  ( squa re  f eec )

( 3 - l )

and

w h e r e :

V =
R =
$ =
n =

a=
A =

( 3 - 2 )

fooc )

second )

V a l u e s  o f  t h e  r o u g h n e s s  c o e f f i c i e n c  r e q u i r e d  f o r  t h e  s o l u t i - o n  o f  e q u a r i o n  ( 3 -

1 )  we re  ob ta ined  by  compar ing  l oca l  cond iE ions  v i ch  t . abu la ted  va lues  p row ided  by

C h o ' , r  ( 1 9 5 9 ) .  T h e  p o r t a l  d i v e r s i o n  d i r c h  v i 1 1  b e  e x c a w a t e d  i n  r o c k  a n d ,

t h e r e f o r e ,  a  r o u g h n e s s  c o e f f i c i e n t  o f  0 . 0 4  w a s  c h o s e n  a s  b e i n g  a p p r o p r i a t e  f o r

j agged  o r  i r r egu la r  rock  cu t s .  The  road  d i ve rs ion  d i [ ch  w i l l  be  excava red  i n

ea r th  and  a  roughness  coe f  f  i c i e "a  o ( - i l@ vas  chosen  as  be ing  app rop r i a re  f o r

Ehe ear then d i tch . '  - \ *  r l\' V.r{ $ T\

C a l c u l a E i o n s  w i c h  e q u a t i o n s  ( 3 - 1 )  a n d  ( 3 - 2 )  w e r e  p e r f o r m e d  u s i n g  c h e

FLOI^IUASTER I compuEer program developed by Haesced Methods (1990).  The resulcs

o f  these des ign  ca lcu la t ions  are  presented  in  A t tachment .  A .

T h e  l o c a t i o n o f  t h e  p o r E a l  d i v e r s i o n  a n d  r o a d  d i v e r s i o n  d i t c h e s  a r e  i d e n t i f i e d

o n  E x h i b i t  1 0 . 2 . 4 - 1 .  T y p i c a l  c r o s s  s e c t i o n s  o f  t h e  d i E c h e s  a r e  p r e s e n t e d  i n

A t tachmen t  A  o f  t h i s  append i x .

When excavat . ion  occurs ,  Ehe d ivers ions  w i l l  be  cons t rucEed as  mod i f ied  V-

shaped d i tches .  The por ta l  d ivers ion  d i tch  w i l l  be  consEruc ted  w i th  a  ver r i ca l

s ide  va l l  ad jacent  to  the  und is t .u rbed area  and a  gent . l y  s lop ing  (15  hor izonEa l

to  1  verc . i ca l )  s ide  s lopes  above Ehe porEa l  a rea .  The average s lope o f  che  rock

c u t  d i v e r s i o n  i s  0 . 0 5 7  f . t / f . t .  B a s e d  o n  t h e  a n t i c i p a t e d  p e a k  f l o w  o f  0 . 3 3  c f s ,



t . h e  r e s u l c i n g  d e p t h  o f  f l o w  i s  0 . 1 7  f e e c  a n d  t h e  f l o w  w e l o c i t y  i s  a p p r o x i m a t e l y

1 .6  f eec  pe r  second .  I n  o rde r  t . o  i nco rpo ra t . e  adequa te  f r eeboa rd ,  t he  d iwe rs ion

w i l l  b e  c o n s f r u c t e d  w i c h  a  0 . 3  f o o t  f r e e b o a r d  r e s u l t i n g  i n  a  m i n i m u m  d i v e r s i o n

d e p c h  o f  0 - 5 6  f e e c .

T h e  r o a d  d i w e r s i o n  d i c c h  w i l l  b e  e x c a v a t . e d  i n  s o i l  a s  a  c r i a n g u l a r  s h a p e d

d i c c h  w i c h  l H : l V  s i d e  s l o p e s . The  ave rage  s lope  o f  t he  ea r then  d i t ch  i s

a n t i c i p a t e d  t o  b e  0 . 0 4  f . c / f . c .  B a s e d  o n  t , h e  e x p e c t e d  p e a k  f l o w  o f  0 . 0 8  c f s ,  r h e

r e s u l t i n g  d e p t h  o f  f l o w  i s  0 . 2 3  f e e t  a n d  t h e  f l o w  v e l o c i t y  i s  a p p r o x i m a c e l y  1 . 6

f e e c  p e r  s e c o n d .  T o  i n c l u d e  E h e  0 . 3  f o o t  f r e e b o a r d ,  t h e  t r i a n g u l a r  s e c t i o n  s h a l l

b e  e x c a v a t . e d  L o  a  m i n i m u m  d e p t h  o f  0 . 5 3  f e e t .  B e c a u s e  t h e  d i v e r s i o n  d i t c h

v e l o c i t i e s  w i l l  b e  l e s s  t h a n  3 . 0  f e e t  p e r  s e c o n d ,  r i p r a p  i s  n o t  r e q u i r e d .

4.0 DROP BY-PASS CULVERT

To  convey  the  und i s tu rbed  runo f f  f r om t . he  d i t ches  to  t he  So ld ie r  C reek  Channe l

i t  w i l I  b e  n e c e s s a r y  f o  i n s t a l l  a  b y - p a s s  c u l v e r E .  T h i s  c u l v e r t ,  s h o r . m  o n

E x h i b i t  1 0 - 2 . 4 - 1 ,  w i l l  h a v e  a  m i n i m u m  s i z e  o f  1 2 - i n c h  C M P  c u l v e r t .  L a r g e r

c u l w e r t s  c a n  b e  i n s t a l l e d  i f  d e s i r e d  f o r  m a i n t e n a n c e  r e a s o n s .  I t  i s  p l a n n e d  c h a t

the  cu l ve r t  w i l l  be  bu r i ed  th rough  the  uppe r  sec r i on  o f  i t s  l eng th  and  w i l l  be

secu red  on  Ehe  su r face  fo r  t he  l ove r  secE ion ,  be low  Ehe  po r t . a l  pad  e leva t i - on .

The  des ign  and  s i z i ng  ca l cu lac ions  fo r  Eh i s  cu l ve r t .  a re  p resen ted  i n  Ac tachmen t

A .

18

B
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EARTHFAX ENGINEERING, INC.
HYDROGRAPH GENRATION PROGRAM OUTPUT

BASED ON SCS CURVE NUMBER METHODOLOGY

INPUT FOR: Watershed 13a - SC3 Expansion area

STORM : WATERSHED :
D i s t . : S C S  T y p e  \ b '  6  H r  A r e a  :  2 . B O  a c r e s
D e p t h  :  t . 5 2  i n c h e s
D u r a t i o n  :  6 .  O O  h r s

C N  :  7 5 . 0 0
T i m e  c o n c . :  O . 0 7 0  h r s

OUTPUT SUMMARY

R u n o f  f  d e p t h  0 . 1 , 7 3 9 3  i n c h e s
I n i t i a l  a b s t r  0 . 6 6 6 6 7  i n c h e s
P e a k  f l o w  :  0 . 3 3  c f s  (  0 . 1 1 9 4 9  i p h  )

a t  t i m e  2 . 5 2 0  h r s

INPUT FOR: Watershed 13b - SC3 Expansion area

STORM : WATERSHED :
D i s t . : S C S  T y p e  \ b '  6  H r  A r e a  :  0 . 6 0  a c r e s
D e p t h  :  1 , . 5 2  i n c h e s  C N  :  7 5 . O O
D u r a t i o n  :  6 . 0 0  h r s  T i r n e  c o n c . :  0 . 0 4 0  h r s

OUTPUT STJI{MARY

Runo f f  dep th  0 .17393  inches
fn i t i a l  abs t r  0 .66667  inches
Peak  f l ow  =  O .O8  c f s  (  0 .13048  i ph  )

a t  t ime  2 .507  h rs
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t r iangu lar  Channe l  Ana lys is  &  Des ign
Open Channe l  -  Un i fo rm f low

Worksheet Name: portal

comment: Portal Diversion - KoCrc Lc crto"tJ

Solve For Depth

Given Input Data:
L e f t  S i d e  S l o p e .  .  0 .  O l - :  1  ( H :  V )
R i g h t  S i d e  S l o p e .  1 5 . o 0 : 1  ( H : V )
M a n n i n g ' s  n  0 . 0 4 0
C h a n n e l  S l o p e . . . .  O . O 5 7 O  f t - / f t
D i s c h a r g e . . .  0 . 3 3  c f s

Computed Resufts:
D e p t h  0 . 1 7  f t
V e l o c i t y  1 . 6 1  f p s
F l o w  A r e a  O . 2 O  s f
F l o w  T o p  W i d t h . . .  2 . 4 8  f t
W e t t e d  P e r i m e t e r .  2 . 6 5  f t
C r i t i c a l  D e p t h .  .  .  0 . 1 6  f t
C r i t i c a l  S l o p e .  .  .  o .  0 5 8 6  f t / f t
F r o u d e  N u m b e r . . . .  0 . 9 9  ( f l o w  i s  S u b c r i t i c a l )

O p e n  C h a n n e l  F l o w  M o d u l e ,  V e r s i o n  3 . 2  ( c )  1 9 9 0
Haestad  Methods ,  fnc .  *  37  Brooks ide  Rd *  Waterbury ,  Ct  06708
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f r i -angular Channel Analysis & Design
open Channel -  Uniform f low

Worksheet  Name:  por ta l -so i l

Comment:  Portal  oi tch -  Soi l  Sect ion

Solve For Depth

Given Input  Data :
L e f t  S i d e  S 1 o p e .  .  l - .  O 0 :  l -  ( H : V )
R i g h t  s i d e  S l o p e .  1  .  O O :  l -  ( H :  V )
M a n n i n g ' s  n  -  O . O 3 5
C h a n n e l  S l o p e . . . .  0 . 0 5 7 0  f t / f t
D i s c h a r g e . . .  0 . 3 3  c f s

Computed Resu l ts :
D e p t h  0 . 3 6  f t
V e l o c i t y  2 . 5 6  f p s  {  3 . o  { ) <
F l o w  A r e a  O . L 3  s f
F I o w  T o p  t ^ l i d t h . . .  O . 7 2  f t
W e t t e d  P e r i m e t e r -  L . O 2  f t
C r i t i c a l  D e p t h . . .  O . 3 7  f t
C r i t i c a l  S l o p e .  .  .  0 . 0 4 9 8  f t  / f L
F r o u d e  N u m b e r . . . .  l - . 0 6  ( f l o w  i s  S u p e r c r i t i c a l )

Open Channe l  F low Modu le ,  Vers ion  3 .2  (c ' t  1990
Haestad  Methods ,  Inc .  *  37  Brooks ide  Rd *  WaterburY,  Ct  06708



b/s

Tr iangu lar  Channe l  Ana lys is  &  Des ign
Open Channe l  -  Un i fo rm f low

Worksheet Name: Road

Comment :  Road D i tch

Solve For Depth

Given Input  Data :
L e f t  S i d e  S l o p e .  .  1 .  O 0  :  l -  ( H :  V )
R i g h t  S i d e  S l o p e .  l -  .  O o :  l -  ( H :  V )
M a n n i n g ' s  n . . . . . .  O . O 3 5
C h a n n e l  S 1 o p e . . . .  O . O 4 O O  f t / f t
D i s c h a r g e . . . . . . . .  O . 0 8  c f s

Computed Resu l ts :
D e p t h  O . 2 3  f t
V e l o c i t y  L . 5 7  f p s
F I o w  A r e a  O . O 5  s f
F I o w  T o p  l ^ I i d t h . . .  O . 4 5  f t
Wet ted  Per imeter .  0 .64  f t
C r i t i c a l  D e p t h .  .  .  O . 2 1 ,  f t
C r i t i c a l  S l o p e . . .  O . 0 6 0 2  f t / f X
F r o u d e  N u m b e r . . . .  0 . 8 3  ( f 1 o w  i s  S u b c r i t i c a l )

Open Channe l  F Iow Modu le ,  Vers ion  3 .2  (c )  1990
Haestad  Methods ,  fnc .  *  37  Brooks ide  Rd *  Waterbury ,  Ct  06708
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Flgure 4-46 Hyclraulic properlies ol struclural plato box culvorts.
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