APPENDIX C

SLOPE STABILITY EVALUATION

U. S, STEEL TAILINGS DIKES

g $ &K
v N
' ot /\?)J g
Ao



SL.OPE STABILITY EVALUATION
U.S. STEEL TAILINGS DIKES

WELLINGTON, UTAH

MARCH 1978

RotLins, Brown anp Gunnere, Inc,
Proressionar Enacinegrs

1435 West 820 NortH, Provo, Utan 84601




SLOPE STABILITY EVALUATION
U.S, STEEL TAILINGS DIKES

WELLINGTON, UTAH

L INTRODUCTION
L Purrose

A FOUNDATION INVESTIGATION AND STABILITY ANALYSIS HAS BEEN COMPLETED
FOR FOUR TAILINGS DAMS LOCATED IN THE VICINITY OF THE U.S, SteeL Coar CLEaNING
raciLiTy NEAR WELLINGTON, Uran, THE PURPOSE OF THIS INVESTIGATION WAS TO DEFINE
THE CHARACTERISTICS OF THE SUBSURFACE MATERIAL WITHIN THE EXISTING DIKES, TO DETER™
MINE THE FACTORS OF SAFETY OF THE EXISTING DIKES WITH RESPECT TO FAILURE, AND TO
MAKE RECOMMENDATIONS RELATIVE TO THE IMPROVEMENT OF THE DIKES IF ADEQUATE FACTORS
OF SAFETY DO NOT EXIST, |HE WORK PERFORMED AT THE SITE HAS BEEN COMPLETED IN A
MANNER TO ACHIEVE THE BASIC OBJECTIVES AND THE DETAILS OF THE INVESTIGATION ARE

OUTLINED BELOW,

2. Existineg SiTe ConpiTioNs

THE GENERAL LOCATION OF THE DIKE SYSTEM GURRENTLY IN ust By U.S,
SteeL 15 sHown N Ficure No, 1, Ir wiLL BE OBSERVED THAT THE MAIN DIKE, KNOWN AS
THE CLearwaTeER Dike 15 LOCATED IMMEDIATELY NORTHEAST FROM THE Price River,
WHICH TRAVELS ALONG THE SOUTHERLY SIDE OF THE DIKE AREA, IN ADDITION TO THE
CrearwaTer DikE, TWO OTHER DIKES ARE PART OF THE TAILINGS DIKE SYSTEM, A FOURTH
DIKE, CONSISTING OF SOIL EXCAVATED FROM A TRENCH, GONSTITUTES THE FOURTH PART OF

THE RETAINING FACILITIES, THIS FOURTH DIKE IS NOT USED AT THE PRESENT TIME TO STORE



WATER, HOWEVER, IT IS ANTICIPATED THAT IN THE FUTURE THIS FACILITY WILL BE MODIFIED
AND RAISED AND BECOME A PART OF THE STORAGE FACILITIES,

Tue CrearwaTeEr DikE anp THE Lower Reruse DIKE ARE APPROXIMATELY
35 reeT migH, wHiLE THE Upper RerFuse Dike aAnp THe NorTHern Dike are aBouT 15 reeT
anp 12 FEET HIGH REspECTIVELY. THE DOWNSTREAM SIDE OF THE CLearwaTERr Dike
ADJACENT To THE Price RivER 1s ExPosED AND THERE DOES NOT APPEAR TO BE ANY SEERAGE
EXITING ON THE FACE OF THE EMBANKMENT, [T DOES APPEAR, HOWEVER , THAT UNDERSEEPAGE
1S TAKING PLACE BENEATH THE CLEARwATER Dike, THE cresT eLEvATION oF THE CLEARWATER
Dike 1s aeout 5370 AND WHILE THE WATER LEVEL UPSTREAM FROM THE DAM FLUGTUATES
SOMEWHAT, THE APPROXIMATE WATER ELEVATION 15 D365, THE crEST ELEVATION OF THE
Lower Reruse Dike 1s aLso ar asour 5370, THE ELEVATION OF THE TAILINGS AND THE
WATER ABOVE THIS DIKE IS5 AT ABouT 9367, IT 1s APPARENT, THEREFORE,THAT THERE IS ONLY
A SMALL DIFFERENCE IN ELEVATION BETWEEN THE WATER SURFAGE DOWNSTREAM AND THE
TAILINGS AND THE WATER UPSTREAM,

The cresT ELEVATION OF THE Upper ReFuse Dike 1s aT ELsvaTion 5380,
THE ELEVATION OF THE TAILINGS AND THE WATER IN. THE Upper ReEruse Dike 15 aT 5377,
It 1s APPARENT, THEREFORE, THAT THERE IS ONLY AN ELEVATION DIFFERENCE oF 10 FEET
BETWEEN THE TAILINGS IN THE WATER DOWNSTREAM AND THE TAILINGS IN THE WATER UPSTREAM.
THE ELEVATION OF THE WATER AND THE TAILINGS IN THE VARIOUS STORAGE AREAS FLUGTUATES
SOMEWHAT AND THE VALUES INDIGATED ABOVE ARE APPROXIMATE VALUES ONLY,

SOME SEEPAGE APPEARS TO BE OCCURRING AROUND THE LEFT ABUTMENT OF
THE UPPER TAILINGS DIKE, THE SEEPAGE 15 OCCURRING IN NATURAL MATERIAL AND NOT IN
THE FILL OF THE ABUTMENT, THE NorTHERN-MOsST DIkE WAS FORMED BY EXCAVATING A
TRENCH AND THE EXCAVATED MATERIAL FROM THE TRENGH WAS PILED UP TO FORM THE

EMBANKMENT, Ir APPEARS AS IF THIS EMBANKMENT WAS FORMEDR WITHOUT ANY SPECIAL,
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ATTENTION BEING GIVEN TO COMPACTING THE MATERIAL IN THE DIKE IN ACCORDANGE WITH
STANDARDS USED IN ENGINEERED FILL,
3. | Score or Work

THe SCOPE OF THE WORK PERFORMED DURING THIS INVESTIGATION INCLUDED
SUBSURFACE INVESTIGATION ALONG THE AXIS OF THE DAM TO IDENTIFY THE NATURE OF THE
SUBSURFACE MATERIAL AND TO DETERMINE THEIR PERMEABILITY CHARACTERISTICS, LABORATORY
INVESTIGATIONS TO DETERMINE THE PHYSICAL CHARACTERISTICS OF THE EMBANKMENT MATERIAL
INCLUDING STRENGTH CHARAGTERISTICS, AND A STABILITY ANALYSIS TO DETERMINE THE FACTOR

OF SAFETY OF THE EXISTING SILOPES,

I, SUBSURFACE INVESTIGATION
1. Procepures Usep in Derinine SussurrFace MATERIALS AT THE SiTE

THE THREE TAILINGS DAMS WERE CONSTRUGTED SEVERAL YEARS AGO AND NO

RECORD 1S AVAILABLE OF THE GCHRRACTERISTICS OF THE MATERIAL WITHIN THE EXISTING E:MﬂBANK"
!

MENTS, IN ORDER TO PROVIDE A REASONABLE INDICATION OF THE NATURE OF THE MATERIAL
WITHIN THE EMBANKMENTS AND WITHIN THE FOUNDATION MATERIAL AT THE VARIOUS SITES, IT
WAS OUR OPINION THAT AT LEAST SIX TEST BORINGS SHOULD BE DRILLED AY EACH OF THE THREE
LO?ATIONS, THE EXACT DEPTH OF THE TEST HOLES REQUIRED TO DEFINE THE CHARACTER OF THE
MATERIALS COULD NOT BE COMPLETELY DETERMINED PRIOR TO THE DRILLING AND THE EXACT
DEPTH THAT EACH TEST BORING WAS EXTENDED BELOW THE CREST WAS DETERMINED IN THE FIELD;
The FOCATION OF THE TEST BORINGS ALONG EACH OF THE DIKES 15 PRESENTED IN Ficure No, 1,
DriLLiNng was PERFORMED USING A ROTARY DRILL RIG WITH WATER AS THE DRILLING F'L.um, Bortu
DISTURBED SAMPLES AND UNDISTURBED SAMPLES WERE OBTAINED DURING THE DRILLING OPERATIONS,
DisTurRBED saMpLES WERE OBTAINED USING A SPLIT SPOON SAMPLING TUBE WHILE UNDISTURBED
SAMPLES WERE OBTAINED USING A 2,5 INCH INSIDE DIAMETER THIN—WALLED sHELBY TusgE, FIELD
PERMEABILITY TESTS WERE PERFORMED DURING THE SUBSURFACE INVESTIGATION IN ACCORDANCE

witH DesienaTion E-18 oF Tae U.S, Bureau or RecLamaTion's EartH MaANUAL, STANDARD

3



PENETRATION TESTS WERE USED TO DETERMINE THE [INTPLACE DENSITY OF THE GRANULAR MATERIAL,
THE STANDARD PENETRATION VALUE PROVIDES AN INDICATION OF THE SANDY MATERIAL, HOWEVER, IT
DOES NOT PﬁOVIDE A REASONABLE INDICATION OF THE IN"PLACE DENSITY OF COHESIVE SOILS AND
CONSIDERABLE CARE SHOULD BE USED IN INTERPRETING THE STANDARD PENETRATION VALUE OBTAINED
IN GRANULARTTYPE S0ILS, A LOG OF THE BORINGS WA-S MAINTAINED IN THE FIELD AND A RECORD

OF THE GROUNDWATER LEVEL IN THE DRILL HOLES WAS OBTAINED DURING DRILLING OPERATIONS, g

2, SussurrFace SoiL CHARACTERISTICS

As INDICATED ABOVE, SAMPLES WERE OBTAINED BY DRIVING A TWO=INGH SPLIT
SPOON SAMPLER. THROUGH A bi1sTANCE oF 18 iNcHES usiNg A 140 =#OUND WEIGHT DROPRED
FroM A DIsTANCE oF 30 iNncHEs, THE NUMBER OF BLOWS TO DRIVE THE SAMPLING SPOON
THROUGH EAGH SIX INCHES OF PENETRATION IS SHOWN ON THE BORING LOGS FOR ALL TEST
HOLES, [HE SUM OF THE LAST TWO BLOW COUNTS, WHICH REPRESENTS THE NUMBER OF
. BLOWS TO DRIVE THE SAMPLING SPOON THROUGH 12 INCHES OF PENETRATION, IS DEFINED
AS THE STANDARD PENETRATION VAL.UE.}
EACH SAMPLE OBTAINED IN THE FIELD WAS CLASSIFIED IN THE LABORATORY
Accorping To THE Uniriep SoiL CLassiFicaTion SysTEM, THE SYMBOL DESIGNATING THE
SOIL TYPE AGCORDING TO THIS SYSTEM IS PRESENTED ON THE BORING LOGS, A DESCRIPTION
oF THe Uniriep Soin CrassiFication System 1s presenTep in Ficure No. 2, anp The
. FULL MEANING OF THE VARIOUS SYMBOLS SHOWN ON THE BORING LOGS CAN BE OBTAINED FROM
THIS FIGURE,
THE CHARAGTERISTICS OF THE SUBSUR FACE MATERIALS AT EACH OF THE DIKES
ARE DISCUSSED BELOW AS FOLLOWS,
A, Upper Reruse Dikeg
. . Six TEST BORINGS VARYING IN DEPTH FrRom 15 To 55 FEET WERE DRILLED

ALONG THE CREST OF THIS FACILITY IN ORDER TO DEFINE THE CHARACTERISTICS OF THE
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SUBSURFACE MATERIAL, | HE BORING LLOGS FOR THE SIX TEST HOLES ARE PRESENTED IN
Ficure No. 3. It wiLL BE OBSERVED FROM THE BORING LOGS THAT THE UPPER 15 vo 25
FEET OF THE MATERIAL AT THIS LOCATION CONSISTS OF BLACK COAL REFUSE,

THE RESULTS OF THE STANDARD PENETRATION TESTS PERFORMED IN
THIS MATERIAL INDICATES THAT THE COAL REFUSE IS IN A MEDIUM TO LOW DENSITY STATE,
THE coaL REF‘UE-:E IS UNDERLAIN BY A TAN SANDY SILT WHICH VARIES IN THICGKNESS FROM
asour B 7o 20 FeeT. THIS MATERIAL 1S GENERALLY IN. A SOFT CONDITION AS INDICATED BY
THE Low BLOw counTs IN TEsT soring No, 1 ano No, 3. It wiLL BE NOTED THAT STANDARD
PENETRATION VALUES OF 2 WERE OBSERVED IN SEVERAL LOCATIONS OF THESE TEST HOLES,
THE BEROWN SILT WAS UNDERLAIN BY A GRANULAR ZONE WHICH EXTENDED UNTIL BEDROCK WAS
ENCOUNTERED IN THE LOWER PORTION OF THE PROFILE, THE GRANULAR Ma TE RIAL GENERALLY
CONSISTS OF SAND AND GRAVEL, HOWEVER, SOME SILTY SAND LENSES EXIST AT VARIOUS
LOCATIONS THROUGHOUT THE PROFILE,

GRAY WEATHERED SHALE WAS ENCOUNTERED AT A DEPTH OF BETWEEN
45 anp 46 FEET IN TEST HOLES 2 THROUGH D, [HE UPPER PORTION OF THE SHALE WAS

PARTIALLY WEATHERED AND CGOULD BE PENETRATED WITH A SPLIT SPOON SAMPL.ING TUBE, .

,THE SHALE BECAME RELATIVELY HARD, HOWEVER, WITHIN A FEW FEET OF THE DEPTH AT

WHICH IT WAS ENCQUNTERED,

IT sHOULD BE NOTED THAT THE COAL REFUSE MATERIAL, SHOWN ON THE
BORING L.OGS, 1S THE PRIMARY MATERIAL WITHIN THE DIKES AND THAT THE SILT AND GRANULAR
MATERIAL, SHOWN ON THE BORING LOGS, IS THE FOUNDATION MATERIAL, I* wiLL BE NOTED
THAT THE COHESIVE MATERIAL UNDERLYING THE COAL. REFUSE IS IN A RELATIVELY SOFT GONDI™
TION AT A NUMBER OF LOCATIONS THROUGHOUT THE STRUCTURE, DBLOW COUNTS AS LOW AS

2 AND 3 WERE OBSERVED IN TEST poriNags | anp 3,
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GROUNDWATER WAS ENCOUNTERED AT A DEPTH oF ApouT 10 FEET BELOW
THE EXISTING GROUND SURFACE AT THIS DIKE, DINCE WATER EXISTS ON BOTH SIDES OF THE
y

DIKE, IT CAN BE EXPECTED THAT THE SUBSURFACE MATERIAL COMPOSING THE DIKE WILL, BE
ESSENTIALLY SATURATED,
B. Lowsr Reruse Dike

THE CHARAGTERISTICS IN THE SUBSURFACE MATERIAL IN THE REFUSE
DIKE WAS DEFINED BY DRILLING SIX TEST BORINGS AT LOCATIONS As sHowN IN Firaure No, 1.
THE LoGS FOR THE SIx TEsST BoRiINGgs ARE pRESENTED IN Figure No, 4, anp 1T wiLL BE
OBSERVED THAT THE DEPTH OF THE TEST BORINGS VARIED From asouT 15 1o 50 reeT, THe
RESULTS OF THE SUBSURFAGE INVESTIGATION INDICATES THAT THE SUBSURFACE MATERIAL
WITHIN THE EMEANKMEN’T- CONSISTS PREDOMINANTLY OF TAN SILTY CLAYS, SINCE ‘THE
EMBANKMENT AT THIS LOGATION IS APPROXIMATELY 35 FEET HIGH, THE SUBSURFACE MATERIAL
BELOW THAT ELEVATION CONSISTS PREDOMINANTLY OF THE NATURAL FOUNDATION MATERIALS,
I'r wiLL BE OBSERVED THAT A SILTY CLAY LAYER COMPOSES THE FOUNDATION MATERIAL AT
THE BASE OF THE STRUCTURE, |HE ‘su."rv CLAY LAYER AT THE BASE OF THE STRUGTURE IS
UNDRERLAIN BY A BROWN SANDY GRAVEL TO GRAVELLY SAND IN A MEDIUM TO LOOSE DENSITY
STATE, THIS MATERIAL IS CHARACTERISTIC OF THE NATURAL GRAVELS WHICH EXIST THROUGHOUT

THE SITE,

\
SDME IRREGULARITIES WERE NOTED IN THE BROWN CLAY MATERJIAL AT

THIS SITE AS THE GROUNDWATER LEVEL VARIED IN THE DIKE FRom aBouT 17 FEET To D FEET,
THE RESULTS OF THE STANDARD PENETRATION TESTS INDICATE THAT THE CLAY MATERIAL
WITHIN BOTH THE DIKE AND THE FOUNDATION IS IN A MEDIUM™ST!FF CONDITION, [T sHouLD
BE OBSERVED THAT NO BEDROCK WAS ENCOUNTERED AT THIS LOCATION WITHIN THE DEBTH
INVESTIGATED, SINCE THE SUBSURFACE MATERIALS BELOW THE BASE OF THE DAM OBTAIN
APPRECIABLE QUANTITIES OF GRANULAR TYPE SOILS, IT CAN BE ANTICIPATED THAT SOME

SEEPAGE WILL OCCUR BENEATH THE PROPOSED STRUCTURE AT THIS SITE,

6



C, CLEARWATER’DIKE

The CHARAGTER;STICS OF THE SUBSURFACE MATERIAL AT
THIS DIKE WERE INVESTIGATED BY DRILLING 6 TEST BORINGS TO DERTHS VARYING
rrom 15 1o B0 FEET AT LOCATIONS as snHowN IN Ficure No. 1. THeE morine
LOGS ForR THE 6 TEsT noLeEs ARE pResenNTED IN Figure No, 5, anp 17 WiLL BE
OBSERVED THAT THE SUBSURFACE PROFILE AT THIS LOCATION IS VERY SIMILAR
TO THE MATERIAL OBSERVED FOR THE LOWER REFUSE DRIKE,

THE SUBSURFACE MATERIAL WITHIN THE EMBANKMENT CONSISTS
PREDOMINATELY OF BROWN SILTY CLAY WITH SOME SAND LENSES, [|HE RESULTS
OF THE STANDARD PENETRATION TESTS INDICATE THAT THE CLAY MATERIAL IS IN
A MEDIUM STIFF GONDITION,

THE UPPER LAYER OF THE FOUNDATION MATERIAL ALSO
CONSISTS OF A GRAY SILTY GLAY IN A MEDIUM STIFF GONDITION, THIS CLAY LAYER
1s APPROXIMATELY 10 FEET THICK AND 15 UNDERLAIN BY A BROWN SILTY GRAVEL TO
GRAVELLY SAND, THE RESULTS OF CGLASSIFICATION TESTS INDICATE THAT THE COMESIVE
MATERIAL IN THIS TEST BORING CONSISIS PREDOMINATELY OF LOW PLASTICITY SILTS AND
CLAYS,

SINGE ' THE BROWN SILTY GRAVEL HAS GREATER STRENGTH
CHARACTERISTICS THAN THE CLAY, IT 1S PRESUMED THAT ANY FAILURE SURFACE IN .
THIS MATERIAL WILL OCGUR IN THE COHESIVE MATERIAL ABOVE THE BROWN SILTY
GRAVEL IN THE BOTTOM OF THE PROFILE,

GROUNDWATER WAS ENCOUNTERED AT ABouT 8 To 9 FeEET IN
TesT BoriNngs No. 15, 16 ano 17, TuHis INFORMATION APBEARS TO SUBSTANTIATE

THE PROPOSITION THAT A PHREATIC SURFACE LIKELY EXISTS THROUGHOUT THE EMBANKMENT

MATERIAL FOR THIS FACILITY, NO GROUNDWATER WAS OBSERVED ON THE DOWNSTREAM



SLOPE FOR THIS FACILITY AND HENCE IT APPEARS AS IF THE PHREATIC SURFACE

. EXISTS WITHIN THE EMBANKMEN'i' MATERIAL.,

3. FieLo PermeasiLity TesTs

FiELD PERMEABILITY TESTS WERE PERFORMED AT D—FOOT INTERVALS
IN EACH TEST BORING IN ACCORDANGE wITH DEsIGNATION E-18 or tue USBR Earrts
ManuarL, THESE TEST RESULTS ARE SHOWN UNDER THE APPROPRIATE HowE IN Fieures 3 To 5.
I+ wiLL B omservep From Ficure No, 3 THAT THE EMBANKMENT
MATERIAL FOR THE UPPER REFUSE DIKE HAS PERMEABILITY RATES VARYING FROM
9 rFeeT PER vEAR TO GREATER THAN 15,000 rFeeT pErR vEAR., THE FOUNDATION
MATERIAL FOR THIS DIKE ALSO HAS A WIDE RANGE OF PERMEA.BILITY RATES, THE
RATES ARE GENERALLY GREATER THAN 9,000 reeT PeErR vEAR,
PeERMEABILITY RATES FOR THE LOWER REFUSE DIKE SHOWN IN
. Ficure No., 4 vary FroM No MEASUREABLE Loss To 9500 reeT PER vEAR,
THE EMBANKMENT MATERIAL IS RELATIVELY SEMI=™IMPERVIOUS, [THE PERMEABILITY
RATE OF THE FOUNDATION MATERIAL INCREASES WITH DEPTH,
THE PERMEABILITY DATA FOR THE CLEARWATER DIKE SI‘iOWN IN
Fieure No, 5 INDICATES THAT THE EMBANKMENT MATERIAL IS SEMI=IMPERVIOUS
WITH PERMEABILITY RATES LEss THAN 300 FEET PER YEAR., | HE PERMEABILITY RATES .

OF THE FOUNDATION MATERIAL FOR THIS DIKE Do NoT exceep 3000 rFeeT pPER YEAR,

IH, LABORATORY TESTS

1. CrLassiFicaTion TESTS

CLASSIF’ICATION TESTS CONSISTING OF EITHER ATTERBERG LIMITS OR

. MECHANICAL, ANALYSIS WERE PERFORMED ON REPRESENTATIVE SAMPLES FOR EACH OF



THE DIKES, A SUMMARY OF THE CGLASSIFICATION TESTS PERFORMED DURING THIS
INVEsTIGATION ARE PRESENTED IN TasLe No, 1.1 ThrousH No, 1.3, Tue resuLTs
OF THE TESTS PERFORMED ON REPRESENTATIVE SAMPLES FROM HOLES NO. 3 THROUGH
No. 5 ARE CHARACTERISTIC oOF THE MATERIAL IN THE Ueper Reruse Dam; wHiLE
THE RESULTS OF TESTS PERFORMED UN SAMPLES FROM TEST HOLE (NO. -9-- DEFINE THE
CHARACTERISTICS OF THE MATERIAL IN THE Lower Reruse Dike, ThHe rEsuLTs oF
THE TEsTs sHowN For HoLEs No, 16 Ane 17 ARE CHARAGCTERISTIC OF THE SUBSURFACE
MATERIAL IN THE CrearwaTeEr Dike,

THE RESULTS OF THESE TESTS INDICATE THAT THE SUBSURFAGE
MATERIAL IN THE LLower Reruse Dike ano in THE CrLearwaTEr DIKE consisT

FPREDOMINATELY OF LOW PLASTICITY CLAYS, WHILE THE MATERIAL WITHIN THE UPPER

RerFuse DikE cONSISTS PREDOMINATELY OF GRANULAR™TYPE SOILS.

2. TriaxtaL Suear TesTs

A, Upper Reruse Dam

As INDICATED EARLIER IN THIS REPORT, THE EMBANKMENT OF
rue Upper Reryse Dam .CONSISTED PRIMARILY OF COAL REFUSE MATERIAL, JHE
EMBANKMENT IN THIS AREA WAS LOCATED ON A LOW PLASTIGITY COHESIVE MATERIAL,
SANDWICHED BETWEEN GCOAL REFUSE MATERIAL IN THE EMBANKMENT AND A MEDIUM
DENSE GRANUL‘;\R MATERIAL EEL..DV\.I. THE STRENGTH GHARACTERISTIGS OF THE COAL
REFUSE MATERIAL WERE EVALUATED BY FPERFORMING 3 CONSOLIDATED DRAINED TRIAXIAL
TESTs To Give THE Monr EnverLore suown 1IN Ficure No, 6.

I wiLL BE OBSERVED THAT THE FRICTION ANGLE OF THIS
MATERIAL WAS ABOUT 28.50, The iInTErRcEPT oF THE Mour ENvVvELORPE wWiITH THE
SHEAR STRESS AXIS INDICATES THAT THE COAL REFUSE MATERIAL WOULD POSSESS SOME

COHESION, SlNCE THIS MATERIAL IS PREDOMINATELY GRANULAR IN NATURE, IT IS

DOUBTFUL. IF THIS COHESION ACTUALLY EXISTS, AND [N OUR OPINION, IT SHOULD NOT BE

9



USED IN ANY STABILITY COMPUTATIONS, 1HE COHESIVE MATERIAL BELOW THE COAL
rerFuse MATERIAL IN THE Upper Reruse DIKE AREA WAS EVALUATED BY PERFORMING
3 CONSOLIDATED DRAINED TRIAXIAL SHEAR TESTS,

The Monr ENVELORE RESULTING FROM THE ABOVE TESTS 1S
pRESENTED IN Ficure No, 7. IT wILL BE OBSERVED THAT THE FRICTION ANGLE
For THis MATERIAL was 35,1° wiThH No coHEsioN InTERCEPT, [T 1s OurR oPINION
THAT THE SAMPLES USED TO OBTAIN THE SHEAR STRENGTH CHARACTERISTICS OF THESE
MATERIALS ARE REPRESENTATIVE OF THE TYPES OF MATERIAL LIKELY TO BE ENCOUNTERED
IN THE EMBANKMENT AND FOUNDATION MATERIAL AT THIS LOCATION,

B. CrLearwatTer Dike ano ThHE Lower Reruse Dike

As INDIGATED EARLIER IN THE REPORT, THE MATERIAL COMPOSING
EACH OF THESE STRUCTURES APPEARED TO BE RELATIVELY SIMILAR, FURTHERMORE,
THE FOUNDATION MATERIAL BELOW THE EMBANKMENT ALSO APPEARED TO BE SIMILAR
AT EACH LOGATION, IN ORDER TO EVALUATE THE STRENGTH CHARACTERISTICS OF
THE EMBANKMENT MATERIAL FOR THESE 2 FACILITIES, D TRIAXIAL SHEAR TESTS WERE
PERFORMED ON REPRESENTATIVE SAMPLES OBTAINED FROM TEST BoRINgs No, 9 anD
No, 17, Tue Mour ENVELOPE FOR CONSOLIDATED DRAINED SHEAR TESTS PERFORMED
ON SAMPLES OBTAINED FRoM TEST BoRING No, 9 Are presenTED IN Fiecure No, 8,
WHILE THE MOHR ENVELOPE FOR CONSOLIDATED DRAINED SHEAR TESTS PERFORMED
ON REPRESENTATIVE SAMPLES TAKEN FROM TEST HOLE NO, 17 ARE PRESENTED IN
Ficure No, 9,

IT wiLL BE OBSERVED THAT THE FRIGTION ANGLE FOR THE
MATERIAL OBTAINED FROM TEST PIT NO. 9 WAS 31.10 WITH 0 COHESION WHILE THE
Mour EnveELoPE FOR THE MATERIAL oBTAINED FrRoM TesT Hore No, 17 Hab A

0
FRICTION ANGLE OF 30 AND 5 POUNDS PER SQUARE INCH COHESION,
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THE SHEARING STRENGTH OF THE FOUNDATION MATERIAL IN THE
vieiniTy oF THE CrLeARwaTER DIKE WAS EVALUATED BY PERFORMING 3 TRIAXIAL
SHEAR TESTS ON REPRESENTATIVE SAMPLES OBTAINED FrRom TeEsT nore No, 16, .

Tue Mour ENVELOPE CORRESPONDING TO THESE 3 TRIAXIAL SHEAR TESTS ARE
PRESENTED n;a Ficure No, 10, It wiLL BE OBSERVED THAT THE FRICTION . ANGLE
0

FOR THIS MATERIAL Was EauAL To 32.6 wiTH A coHEsloN oF aBouT 4 PounDs PER
sauarE INCH, ONE ADDITIONAL TRIAXIAL SHEAR TESTS WAS PERFORMED ON A
REPRE SENTATIVE SAMPLE OF THE EMBANKMENT MATERIAL OBTAINED FRoM TEST soring No,
THE FAILURE CIRCLE FOR THIS SAMPLE 15 PRESENTED IN Fisure No, 11,

ASSUMING NO COHESION FOR THE ABOVE MATERIAL, A FRICTION
ANGLE oF 36.9° 1s oBTamnED, [T SHOULD BE NOTED THAT THIS FRICTION ANGLE
1S SUBSTANTIALLY GREATER THAN OTHER FRICTION ANGLES OBTAINED FOR THE
EMBANKMENT MATERIAL FOR THESE TWO DIKES, Ir sHouLD BE RECOGNIZED, HOWEVER,
THAT THE SUBSURFACE MATERIAL WITHIN THE EMBANKMENTS 1S QUITE HETEROGENEOUS
AND THAT NO 2 SAMPLES TAKEN THROUGHOUT THE SOIL. PROFILE ARE IDENTICAL,
HenceE, ONE wouLD EXRECT SOME VARIATION IN THE STRENGTH CHARACTERISTICS OF
THE SUBSURFACE MATERIAL,

THE RESULTS OF THE TRIAXIAL TESTS OUTLINED ABOVE FORM
THE BASIS FOR THE SELECTION OF THE SHEAR STRENGTH PARAMETERS IN PERFORMING

THE STABILITY COMPUTATIONS FOR THE EMBANKMENTS IN THIS AREA,

v, STABILITY ANALYSIS .

AN EFFECTIVE STRESS STABILITY ANALYSIS WAS PERFORMED ON THE VARIOUS
EMBANKMENTS LOCATED IN THIS AREA, |HE SHEAR STRENGTH PARAMETERS USED IN
THE STABILITY ANALYSIS WERE BASED UPON THE CONSOLIDATED DRAINED SHEAR TEST

INFORMATION DPISCUSSED IN THE PREVIOUS SECTION OF THE REPORT,
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lN PERFORMING THE EFFECTIVE STRESS ANALYSIS, PORE PRESSURES WERE

.

ESTIMATED BASED UPON THE OBSERVATIONS OF THE GROUNDWATER LEVEL AND THE
ENVIRONMENTAL CONDITIONS THROUGHOWT THE SITE, THE RESULTS OF THE STABILITY
ANALYSIS FOR EACH OF THE EMBANKMENTS LOCATED IN THE AREA ARE DISCUSSED

BE LOW AS FOLLOWS,

/

v/

CrLearwaTErR Dike

THE IDEALIZED PROFIILLE CONDITIONS WITHIN THE EMBANKMENT AND THE
FOUNDATION AT THIS SITE ALONG WITH SHEAR STRENGTH PARAMETERS USED IN THE
STABILITY ANALYSIS ARE PRESENTED 1N Ficure No, 12, It 15 AssumeD THAT THE
EMBANKMENT IS A LOW PLASTICITY SOIL WITH A FRICTION ANGLE OF 30° anp &
couesion oF 800 POUNDS PER SQUARE FOOT, THE FOUNDATION MATERIAL GONSISTING
PREDOMINATELY OF COHESIVE=TYPE soILS 1S DEsIGNATED as F 1 in Figure No, 12
AND IT IS ASSUMED TO HAVE A UNIFORM THIGKNESS THROUGHOUT THE CROSS—SEGTION
OF THE EMBANKMENT, F2 MATERIAL IS ASSUMED TO BE THE MEDIUM DENSE
GRANULAR MATERIAL LOCATED BELOW THE FOUNDATION GOHESIVE sSoILS, FOR THE
PURPOSE OF THE STABILITY ANALYSIS, THE 1 MATERIAL 1s AsSsSuMED To HAVE A
FRICGTION ANGLE OF 26° AND A couesion oF eitHer 400 or 100 POUNDS PER SQUARE
Foor., THEe F2 MATERIAL 1S ASSUMED TO HAYE A FRIGTION ANGLE OF 34° anp O
COHESION, THE 340 FRICTION ANGLE FOR THE SANDY GRAVELLY MATERIAL WAS
ESTIMATED EBASED UPON THE RESLILTS OF STANDARD PENETRATION VALUES WITHIN
THE GRAVELLY MATERIAL,

STABILITY COMPUTATIONS WERE PERFORMED FOR THE CASE OF THE
DOWNSTREAM SLOPE UNDER STEADY_STATE SEEPAGE CONDITIONS AND FOR THE UPSTREAM
SLOPE UNDER THE CASE OF SUDDEN DRAWDOWHN, THE STABILITY ANALYSIS WAS PERFORMED
FOR 2 COND]T[QNS: FOR BOTH THE STEADY™STATE SEEPAGE CASE AND THE SUDDEN

DRAWDOWN CASE,
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ConpiTion No, 1 assumep THAT THE F1 MATERIAL HAD A FRICTION
o

ANGLE oF 26 AND A coneEsioN oF 400 pounps pPErR sauare rFooT, wHiLe ComniTion
No, 2 Assumep THAT THE F1 MATERIAL HAD A FRICTION ANGLE OF 26° anp A
coHesion oF 100 pounps PER sauarRe FooT,

THE PIEZOMETRIC SURFACE ASSUMED FOR BOTH THE STEADY™STATE
SEEPAGE CASE AND THE SUDDEN DRAWDOWN SEEPAGE CASE 15 PRESENTED IN Fisure No,
THE FACTORS OF SAFETY OBTAINED FOR BOTH THE STEADY—STATE SEEPAGE CASE AND
THE SUDDEN BDRAWDOWN castE ForR GonbiTions No, 1 ano No. 2 ARe ALso PRESENTED
in Figure No, 12,

~ THE RESULTS OF THESE TESTS INDICATE FACTORS OF SAFETY OF

J J
2.2 ano 1,82 ForR THE sSTEADY—-STATE SEEPAGE cAst AND 1,84 anp 1,24 ror THE
sUDDEN prawnownN case For Conoitions No, 1 ano No, 2. It 1s our opiNiON THAT
A coHestoNn oF 100 pounDs PER SQUARE FOOT IS VERY CONSERVATIVE AND THAT THE
ACTUAL COHESION FOR THIS MATERIAL IS SUBSTANTIALLY GREATER THAN THIS VALUE,

IT 1S APPARENT FROM THE ABOVE RESULTS THAT THE EXISTING DIKES
HAVE AN ADEQUATE FACTOR OF SAFETY FOR BOTH THE CASE OF STEADY—STATE SEEPRAGE
AND THE CASE OF SUDDEN DRAWDOWN,. IT 15 ALS0O OUR OPRINION THAT THIS DIKE COULD
BE RAISED ANOTHER 3 FEET WITHOUT ENDANGERING THE SAFETY OF THE EXISTING
FACILITY, FURTHERMORE, IT 1S OUR OPINION THAT THE REDUGTION IN THE FAGTOR OF

SAFETY WOULD BE RELATIVELY SMALL,

2. LLower Reruse Dike

THE PHYSICAL FEATURES AND THE SOIL. PARAMETERS USED IN DETERMINING

THE STABILITY OF THIS FACILITY ARE PRESENTED IM FIGURE NO. 13, AS INDICATED
IN THE PREVIOUS SECTION, THE SUBSURFACE MATERIAL WITHIN THIS EMBANKMENT IS
VERY SIMILAR TO THE MATERIAL IN THE CLEARWATER DlKE. AND THE SAME PROFILE HAS

BEEN ASSUMED FOR THIS FACILITY AS FOR THE CLEARWATER DIKE_

13

12.



IN ITS OPERATING CONDITION THE WATER LEVEL IN THE UPSTREAM SIDE
OF THE DIKE 1S ONLY A FEW FEET GREATER THAN THE WATERLEVEL IN THE DOWNSTREAM
PORTION OF THE DIKE, 1HE APPROXIMATE WATER LEVEL THROUGH THE DIKE IS SHOWN
ivn Ficure No, 13. IN 1Ts ExISTING CONDITION, THIS FACILITY IS IN A VERY STABLE
CONDITION AND NO ATTEMPT WAS MADE TO DETERMINE THE FACTOR OF SAFETY FOR
THE STRUCTURE WITH HIGH WATER ON EITHER SIDE OF THE DIKE, A STABILITY ANALYSIS
WAS PERFORMED, HOWEVER, FOR A SUDDEN DRAWDOWN OF THE CLEARWATER ON THE
DOWNSTREAM SIDE OF THE D.ﬁ‘M.

THE ESTIMATED PIEZOMETRIC SURFACE ON THE DOWNSTREAM SIRE OF
THE DAM DURING THE SUDDEN DRAWDOWN CONDITION 15 pRESENTED IN Fieure No, 13,
IT 15 oUR OPINION THAT THIS IS A VERY CONSERVATIVE ESTIMATE OF THE BIEZOMETRIC
SURFACE, THE SOIL PARAMETERS USED IN THE STABILITY ANALYSIS FOR THIS FAGILITY
are preseENTED IN Fieure No, 13, AND 1T WILL BE OBSERVED THAT THE PARAMETERS
USED FOR THIS FAGILITY ARE ESSENTIALLY THE SAME AS THOSE FoR THE CLEARWATER
Dike, THREE CONDITIONS, HOWEVER, WERE CONSIDERED TO OBTAIN AN INDICATION IN
THE RANGE OF THE FACTOR OF SAFETY FOR THE EXISTING FACILITY UNDER THE
CONDITION OF SUDDEN DRAWDOWN ON THE DOWNSTREAM PORTION OF THE STRUCTURE,

ConpiTion No, 1 ASSUMED THAT THE COHESION OF THE MATERIAL
in Zone No, 1 was 800 pounps pErR sauare FOOT, WHILE THE COHESION FOR F1
maTERIAL was 100 pounDs PER SQUARE FOOT, CdeTmN No, 2 AssuMED THAT
THE coHEsioN IN THE ZonNe No, 1 mareriaL was 400 pounps PER SQUARE FoOT,
WHILE THE COHESION FOR THE FOUNDATION COHESIVE MATERIAL WAS 400 FPOUNDS PER
square FooT, ConpiTion No, 3 aAssumep THAT THE coHEsion For Zone No. 1 was
400 pOUNDS PER SQUARE FOOT AND THAT THE COHESION IN THE FOUNDATION MATERIAL

For THIS FaciLiTY was 100 pounps sEr scuarRe FooT,
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'T WILL BE OBSE.RVED THAT THE FACTORS OF SAFETY FOR THIS
CONDITION WERE ALL GREATER THAN 1 WIETH CONDITION NO, 3 HAVING THE LOWEST
FACTOR OF SAFETY., It 15 our opinton THE ConpiTion No., 3 15 ULTRAGONSERVATIVE
AND THAT THE FACTORS OF SAFETY CORREsponNDING To ConpiTion No, 1 ano Cownpirion
No, 2 mMosT REASONABLY REPRESENT THE FACTOR OF SAFETY OF THE DOWNSTREAM SILOPE
FOR THIS DIKE UNDER A SUDDEN DRAWDOWN CONDITION,

BAsSED upPON THE RESULTS OF THE STABILITY ANALYS!S PERFORMED
HEREIN, IT IS OUR OPINION THAT THIS DIKE GOULD BE RAISED 3 FEET WITHOUT
ENDANGERING THE SAFETY OF THE STRUCTURE AND THAT RAISING THE STRUCTURE 3 FeeT

WOULD NOT RESULT IN A SUBSTANTIAL DECREASE IN THE FACTORS OF SAFETY,

. Uprer Reruse Dike

THE PHYSICAL CONDITIONS FOR THIS FAGILITY ALONG WITH SHEAR
STRENGTH PARAMETERS USED IN THE STABILITY ANALYSIS ARE pReEseENTED IN Fieure No, 14,
THE IDEALIZED PROFILE THROUGHOUT THE EMBANKMENT AND FOUNDATION IS ALSO
PRESENTED IN Figure No, 14, THe MATERIAL WITHIN THE EMBANKMENT IS ASSUMED
TO BE COAL REFUSE WHMILE THE FOUNDATION MATERIAL IMMEDIATELY BELOW THE
COAL REFUSE IS ASSUMED TO BE' A LOW PLASTICITY COHESIVE MATERIAL, THIS MATERIAL
1s pesieNaTED As F1 in Figure No, 14,

THE MATERIAL BELOW THE COHESIVE MATERIAL IS ASSUMED TO BE A
GRANULAR SOIL IN A MEDIUM BDENSE STATE AND IS DESIGNATED AS FZ IN FIGURE
No, 14, THe FRIGTION ANGLE FOR THE COAL REFUSE MATERIAL HAS BEEN ASSUMED

0
EQUAL To 28.5° IN ACCORDANCE WITH THE SHEAR TEST ON THIS MATERIAL, WHILE THE

. F 0 [+]

FRIGTION ANGLE rFor THE F1 maTeriaL ano F2 wmaterian 1s 35" ano 34, reseecTiveLy,

NONE OF THIS MATERIAL WAS ASSUMED TO HAVE COHESIVE CHARACTERISTICS,

15



IN ITS OPERATING CONDITION, TAN.INGS AND WATER EX{ST ON BOTH
SIDES OF THIS EMBANKMENT, AND THE FACILITY IS ENTIRELY STABLE UNDER THE
EXISTING CONDITIONS,

IN ORDER TO OBTAIN AN INDIGATION OF THE STABILITY UNDER SEVERE
OPERATING CONDITIONS, IT WAS ASSUMED THAT ALL OF THE WATER DOWNSTREAM FROM
THIS FACILITY WAS DRAWN DOWN AND THAT A STEADY™STATE SEEPAGE CASE WOULD
occur, THE PIEZOMETRIC SURFACGE ASSUMED IN PERFORMING THE STABILITY COMPUTATIONS
1s prRESENTED IN Ficure No, 14, THE RESULTS OF THE STABILITY ANALYSIS PERFORMED
FOR THIS CONDITION INDICATED A FAGTOR OF SAFETY ofF 1,22,

SINGE NO DANGER DR LOSS OF LIFE WOULD OCCUR IF THERE WAS A
FAILURE FOR THIS FACILITY, IT IS OUR OPINION THAT A FACTOR OF SAFETY oF 1,22
IS ENTIRELY SATISFAGTORY FOR THE PROPOSED STRUGTURE, FURTHERMORE, IT IS OUR

OPINION THAT THIS EMBANKMENT CAMN BE RAISED BY 3 FEET WITHOUT SERIOUSLY

ENDANGERING THE SAFETY OF THE STRUCTURE,

4, Norrn Dike

Tue Nortu DikEe waAs FORMED BY DUMPING THE MATERIAL EXCAVATED
FOR A TRENCH As sHowN IN Fieure No, 14, As INDIGATED EARLIER IN THE REPORT,
THE EMBANKMENT FORMED FROM THE EXCAVATED MATERIAL WAS RANDOMIL.Y PLACED
AND INSOFAR AS WE CAN ASCERTAIN, NO ATTEMPT WAS MADE TO COMPACT THIS MATERIAL
IN ACCORDANCE WITH WELL ACCEPTED ENGINEERING STANDARDS, THE EMBANKMENT 1%
APPARENTLY STABLE UNDER THE CONDITIONS IN WHICH IT EXISTS, HOWEVER‘ IT 15 OUR
OPINION THAT THIS DIKE SHOULD NOT BE RAISED F'URT’.HER WITHOUT ATTENTION RBREING
GIVEN TO A MORE SATISFAGCTORY DESIGN PROCEDURE,

In ORDER TO OBTAIN AN INDICATION OF THE CHARACTERISTICS OF THE

MATERIAL WITHIN THE DIKE, THREE TEST PITS WERE EXCAVATED TO DEPTHS OF BETWEEN

16



12 ano 15 reeT. THe 1LOGS FOR THESE THREE TEST PITS ARE PRESENTED IN Fieure No.
I+ wiLL BE OBSERVED THAT THE SUBSURPACE MATERIAL WITHIN THE DIKE CONSISTS
PREDOMINATELY OF BROWN SILTY CLAY WITH SHALE FRAGMENTS,

IN-PLACE DENSITY TESTS WERE ALSO PERFORMED ON THE SUBSUR FAGE
MATERIAL WITHIN THIS EMBANKMENT, AND THE RESULTS OF THESE TESTS ARE PRESENTED
ON THE BORING LOGS, IT WILL BE OBSERVED THAT THE IN=“PLACE DENSITY OF THE
SUBSURFACE MATERIAL AT THIS LOCATION VARIED FROM 97 POUNDS PER CUBIC FOOT TO
108 pounps PER cuslic FOOT, THE IN—PLAGE DENSITIES OBTAINED DURING THIS
INVESTIGATION ARE SUBSTANTIALLY LESS. THAN WOULD BE EXPECTED FOR THIS MATERIAL
AT 9D PERCENT OF THE PROGCTOR DENSITY. IN VIEW OF THE RELATIVELY LOW DENSITY
CHARACTERISTICS OF THIS MATERIAL, WE RECOMMEND THAT IF THIS DIKE IS USED
TO RETAIN WATER THAT IT BE REORGANIZED IN A MANNER THAT WOULD RESULT IN A
STABLE CONDITION,

WE RECOMMEND THAT THE MATERIAL WITHIN THE DIKE EITHER BE
SPREAD OUT AND COMPAGTER TO FORM THE BASE OF A NEW DIKE IN THIS AREA OR THAT
A NEW DIKE BE CONSTRUGTED ON THE DOWNSTREAM PORTION OF THIS AREA IN AGGORDANGCE

WITH ACCEPTED DESIGN STANDARDS, -

V. RIPRAP MATERIAL.

A VISUAL OBSERVATION WAS MADE OF THE RIPRAP MATERIAL USED ON THE
CrearwaTer Dike anp THE Lower Reruse Dike,

1. CLEarwaTER Dike

THE DOWNSTREAM FACE OF THIS DIKE HAas A 1 To 1.5 FooT LaYER
OF BROWN SILTY SANDY GRAVEL. OVERLYING THE EMBANKMENT MATERIAL, THE MAXIMUM

GRAVEL. SIZE 1S APPROXIMATELY D INCHES, THE AVERAGE SIZE 1S LESS THAN | INCH,

17
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THE UPSTREAM FACE HAS THIS SAME MATERIAL FROM THE CREST TO
A HEIGHT oF 3 TO 5 FEET BELOW THE CREST, THIS IS FOLLOWED BY A LAYER OF
SANDSTONE RIPRAP WHICH EXTENDS. AN UNKNOWN DISTANCE DOWN THE FACE, THE
SANDSTONE PARTICLES ARE uUpP TO 3 FEET IN DIAMETER WITH AN AVERAGE SIZE OF
APPROXIMATELY 1 FooT, THE'. SANDSTONE SHOWS SOME EROSION BUT IT IS OUR OPINION
THAT IT 15 PROVIDING ADEQUATE PROTECTION, PERIODIC INSPECTIONS SHOULD BE

MADE TO EVALUATE THE SANDSTONE PERFORMANGE AND THE NEED FOR MAINTENANCE ,

[ ————

2, Lower Reruse Dike

From THE crEST TO A DIsTANCE oF 5 1o 7 FeEET DOWN THE FACE
ON THE DOWNSTREAM SIDE OF THE DIKE (ENGLOSING THE CLEARWATER POND) THERE IS
A LAYER OF B‘LACK SHALE FRAGMENTS AND COAL REFUSE ON THE SOUTHERN HALF,
THis LAYER IS FOLLOWED BY A SANDSTONE LAYER FROM 5 To 7 FEET DOWN THE FACE
TO AN UNKNOWN DISTANCE, [|HERE ARE AREAS ON THE SOUTHERN HALF OF THE DIKE

WHERE THE WATER LEVEL IS OVER THE SANDSTONE, lT IS QUR OPINION THAT THE

[ ——

SANDSTONE RIPRAP SHOULD BE INGCREASED TO A HEIGHT OF AT LEAST 3 FEET ABOVE THE
e Y T T T T e e e ,_”___'_ﬂ_,_._-—v—“'"—'—'—-—-....._.__u

——

WATER LEVEL, THE NORTHERN HALF HAS A LAYER OF SILTY SANDY GRAVEL SIMILAR TO
THe Crearwater Dike DOWN To THE SANDSTONE LAYER, THE UPSTREAM SLOPE IS
COVERED WITH COAL. REFUSE TO THE WATER LEVEL AT A DISTANCE OF APPROXIMATELY
4 reeT pown THE FacE, No QUALITATIVE ANALYSIS COULD BE MADE AS TO THE
RIPRAP PERFORMANGE BECAUSE OF THE HIGH WATER LEVEL, |1 IS APPARENT, HOWEVER,

THAT THE WATER LEVEL IS ABOVE. ANY SANDSTONE LAYER THAT MAY EXIST, No EVIDENCE

OF EROSION APPEARED TO BE OCCURRING,
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Ficure No, 2

Unified Soil Classification System

. Major divisions Gr:\ot;];s Typical names Laboratory classification critena
5y
3 " D.'W)z
1 Well-graded gravels, gravel-sand 2 D (
® B GW " 3 - n4,0¢ = e=——u— patwean tand3d’
P) T £ mixtures, little of no fines € Cu =g, oeaterthand,Ce= grmme betwee
€. 8¢ &
= o -
Shlc b : kS ]
TIRE Poorly graded grave! | [ >
§ _g (&) 5 ap . ::; rn?;taur:;s ghrl:\;eo?.nsg::: s 3, £ Not meeting ali gradation requirements for GW
w @ ' 4 3
© 8 = 4 g-
— > : ©
) ag 9 g ao*=
N L 0Z ° nudy
é ° E §|g .S“ ? Silty gravels, gravel-sand-silt 'ﬁ 43 @
S ] Sle 8 oM |— ity gravels, gravel-& 5 00O Atterberg limits below “A”
2 £81E &4 u mixtures ? &QE line or P.1. less than 4 Above “A” line with P.I. bet-
<3 2s|3 o¢ - ween 4 and 7 are bordetline
; £ |p &< o %g 5 cases requiring use of dual
@ 2 = e 9° 3 8 . 3 symbols.
£ E :‘; E Gc Clayey gravels, gravel-sand- o g L Atterberg bmits above "A”
§ = o< clay mixtures B P hne with P.I. greater than 7
88 £2 D
(7] = P
® £ c - (D30)?
§,g ” § sw Well-graded sands.gravell_y g E - Cu = o greaterthan 6,Cc = BiiDeo between 1 and 3
2 c 0 £ sands, little or no hines o c Do : 0 10X Uso
3 8% § o z2 D
- wn _ O -
N HEE gf
5 @ D
< 2 8] E P Poorly graded sands, gravelly s § T Not meeting all gradation requirements for SW
§ P 8 '; = sands, little or no fines é % é’ D
g | g6= 582 ¢ -
2 w ~-._l\; % o g’_c_: =
=EEl . ¢ DE4ES
E Big 2 {sw |- Silty sands, sand-silt mixtures t gg 85 Alterberg imits below "A
€52 B ] gEEE 2| IneorP.llessthan 4 Limits plotting in hatched
S5 %% u 85w 8 zone with P.1. between 4 and
22|% B¢ ° 2B 5§48 7 are borderline cases requir-
§ 2% g -12 g ﬁ o ing use of dual sysbols.
: G 5 SC Clayey sands, sand-clay mixiures 5Swg g 2 Atierberg fimits above "A"
w g 883 w2 ine with P.1. tess than 7
tnorganic silts and very fine sands,
ML rock flour, silty or clayey fine sands 60
§ or clayey silts with slight plasticity
=
g £
% o 1 tnorgamic clays of low to medium 50
‘§ E o cL | — plasticity, gravelly clays, sandy :
.g 2 E 2 clays, silty clays, lean clays CH
g1 °% /
$ g oL Organic silts and organic silty clays 40 /
c of low plasticity "
2 ]
e E
4 é =
§ g _ inorganic silts, micaceous or diato- E‘ 30
: 2 MH maceous fine sandy or silty soils ]
£ @ ] ¥ ' 8 -
g2 = elastic sitts a CL-2 2 OH and MH
TE @ £ s
£ -§ s % 20 o¥
g 0 B
3 g. g CH Inorganic clays of high plasticity,
? K] E tat clays /
N =
g v 10 A— CL-
< g
g = OH Organic clays of medium to high CL-ML ML and OL
= plasticity, orgaric silts l l
‘ 0 -
0 10 20 30 40 S50 60 70 80 90 100
Zee . _ Liquid limit
) g' B Pt Peat and other highly organic soils ]
. I3 \ Plasticity Chart

.

*Dwvision of GM and SM groups into subdivisions of d and U for roads and airfields only. Subdivision is based on Atterberg limits,

uffix d used when L. L e 2801 less and the P.1. 1s © or less, the suffix u used when L. L. is greater than 28,
* Borderline classifications, used for soils possessing charactenstics of iwo groups, are desgnated by combinations of group symbals.
‘or example: GW-GC, well-graded gravel-sand mixture with clay binder.




DeeTH
0 H
. KT ote No, 1 Hore No, 2
T ¥ Hore No, 3
i Ny [y Hovz No, 4 Hore No, 5
..:;:u:"‘. 8,9,10 D ';,::«' BLACK O = I Hoie No. 6
L ™ L ibdo 14 22 0 c e AR BLACK COAL
il N | 1 I R —
10 - :'..::' 4 4;‘-"\-'_ coaL ',l‘:,' e ‘ 21429,50 coaL '-'.:-:,","'. 17,26 40 coaL BROWN LAY
u N0 (| 4200711 —_— :""."‘.Js 10,22 reruse W[ [3 —Y GMSM REFUSE ] | sMaML REFUSE 847428
Ju -",' BLAcK oV Tt Il :‘i" 23,2226 il 14,192 Y ":'.\.' cr—2 GRAY CLAY
—':.l'l COAL .-\'._': GM™M ,|.:.'. GM o18,21 — :.-'.',:. 20,23,23 _J______ WITH
—::"',:‘F 8,9,8 RE FUSE :'3".; 436 :_';.; &M ;,:;:'_.’. GM B ?:oL'?-c’z SHALE
; :‘.::': GMm .:;.:FG'M. E":';:-F 212 BLACK COAL x :"':':" -L[- GRAY
20 - :‘r.l’,. o 1000 ',;"'{"‘ -‘:~.,:~ ML SLURRY aM "'.':. x 60 WEATHERED
- :t",'l 1Y, P in ‘“{ IR
7] ',,'|': GM Y o " TAN 1] LR 20242 BROWN 2,2,2 '-'::': 1.1.1.0.20 D %HEARL;EABILITY
. '.l'.l. .:N- N:L 10,018 SANDY “'. : ML SANDY GM l";.;‘..: G’M' [ EPTH IN FT, / YR,
R R : X0,
- 1,1,1,0.13 ‘\\ :Ll.\_:zh:L SILT AND :. . i b w 18 :::D '\ - 0- 5 328
- 5 . Lol ¥ -
30 . TAN hN! eLAY: * , Z"c"?"’”— SILT A \\ %40.30 SILTY 0-10 x 196
— 1,1,1 LAY G ML X x e ND NS oot CLAY 14-15 NML
{8 i AVE -3
miiant X ,0.52 BROWN SA NV - s BROWN 1,1,1 ) faa L .?‘.‘
) i L orix .: SANDY Ly v ‘c'. X BROWN
) X,0.15 sROWN LR I siLT BROWN o 14l =™ SILTY
e 4,3, L L1 219
_:-‘.\ o1 =y SILTY CLAY :__-6?: G:,,Z SILTY ."::{ﬁ x :T'Z‘_"\’(N ,.‘E 15,13,21 SAND
40 .wh-f.- ss‘h:f"z BSROWN °o J12 25,31 z:AVE‘—'—Y e SANDY Wl | sm AnD “° SM,GM WITH SOME
- .0:‘ ILTY SAND .:6“" < ND HAR ] 15.,22,30 GRAVEL ok 24 26 3 e 49 GRAVEL
i (O EQZWEN ?é.’%" ] SANDY ™ e Gv:/ . SAND 1eLad °°+°
:_.0‘. 13,20,24,1.0 Gr_.A\\Ie LLY .:z)‘;:;: zGol\;'n,so/an GRAVEL . GRAV:L o‘; TAN
i TAN {1 REFUSAL GRAY ?g‘b.ﬂ 22 29 45 $olbl | 20,27 60310 SILTY
50 - cLav [ SHALE weatheren | [ 4 | aw . e o'p SANDY
g 22,39 ,46 SILTY 60721 SHALE - conReEe .° GRAVEL
7 GM SANDY ] Bm eo/s11 GRAY da *
—]] GRAVEL . WEATHERED s1/111 GRAY NML = No MeasurasLE
pa HPERMEABILITY FUSAL REFUSAL —[L SHALE WEAT Loss Durine
- Deprh IN FT./ YR, b PermeasiLiTy =y RE FUSAL RE FUSAL HERED Teorine IreruAL
60 — 9= 5 - EPTH IN FT./ YR, DepTn ’ mMFTAE}l:;:RTY PermeasILITY SHALE
0-1 - 98 0- 5 328 0-10 R Derru IN FT./ YR,
0 49 0-10 110 20-26 o 0= 5 82
10-15 112 10~ 15 >15.000 25 7,353 0-10 12 PerRMEABILITY
55—20 >15,000 15-20 >15,000 30_23 ,8’945 10-15 2,894 ek SR A
0-25 ' = 2.4 - _
25-30 715,009 20-25 5,206 35-40 ]7’8391 e 33 o 246 Test Pir Berween
30-35 37 25-30 142 45-47 31,104 20-25 6,517 0-10 o8 =™ Hoies No. 2 awo 3
_ 567 30-35 6,248 46.5-50 ' 25-30 4,768 9-15 11,086 P
35—40 301 35-40 7 587 46.5 55 13 30-35 5,750 15-20 9 i '»:-':';
0-45 ! T - - g D
Ao 12 40-45 >20,000 800 35-40 24,437 20-25 7,455 "
>20,000 46-50 1,670 40-45 720,000 25-30 10,543 2 _'.'_:"'.,' 2.3,17.8
46-55 3,693 45-50 11,500 30-35 14,365 ) BLACK
, 50-55 13 35-40 15,083 O coaL
50-60 21 40-45 351 4 _'..:" 85,0,21.5 REFUSE
45-50 >21,000 o
50-55 465 5 _fn
SCALE 55-60 1,881 "','s 84,9,21,3
DESIGNED. P ROLL 6 e
DRAWN pATE INS, BROWN & GUNNELL, Inc. LOG OF BORINGS FOR THE UPPE
APPROVED e CONSULTING ENGI U.S. STEEL C R REFUSE DIKE
NO.___ | NEERS . ORPORATION, WELL.INGTON, UT AH FIGURE
NO, 3
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D
OEPTH Hore No. 7 Hore No. 8 Hore No, 9 Hore No, 10 Hore No, 11 Hore No, 12
<
BIAN N Mg
. BROWN L\ L 1 TAN h:{- SrRAvELLY 1L GRAY SILTY
] \\ | N| \\ TN SANDY \\ CLAY
—N 12,14,16 CLAYEY N 10,12,22,0.37 ~ | Thed 7,11,04,0.00  SILTY ‘_.,q__h X,0,05 arLT {
a \f\ cL-ML SILT { \\n cL~y GZQY N \\ F cL-1 CLAY \h- \\ x "J__:_—
A N BROW | h N N\ cL— BROWN
10 __ 7] \\ \ @ SILTY \\ x ) 4 N\\“ X ,0.23 ’____%— N SILTY a SHALE
Y 10,10,12 [ 10.28,40,0.90 { _ = N BROWN N |
mih LML N cL—1 ?\p Gt \\ cLML CLAVEY N\ crAaY
7 N N ~\F 12,18,26,1.0 GRAY P LI SILT N
] N 5,5,7 GRAY 4,4,8,0,34 J‘."\'-ﬁm_—l SANDY \ X,1.0 BROWN { \ =Y
— - cL™t K |- - MEABILITY
:\\’\\ et SILTY N ——?—- t SILTY CLAY e CLAY N\\ jZOWN DepTH IN FT./ YR,
T CLAY -
20 ] \\\Q S 3242 GRAY \'\ . :'22;32'0.34 SILTY \\ : GRAY 0- 5 NML.
- _ L=
h cLT1 e ATTERES cL-y CLAYEY { CLAY ‘Q SILTY 5-10 NML
— ] 25,60 SHALE 43,8 sSILT \\ 3 R GRAY | \ CLAY 5-15 NML
7 PerMmeEaBILITY cLomML L‘\ e GRAY CLAY \\ ‘
30 ] DeptH IN FT, / YR, { N 6,4,5,0.10 SILTY \\
— 0- 5 x NML i 12,13,11 GRAY \-\ cL—1 CLAY {
7 6-10 4 e Y N o N
——.... 10-15 385 4 5,5,8,0.13 crAY -15,7,7,0.20 z:\::YC A Y} ~\\ E "
_ 15-20 220 cL™1 \\ cLm2 = Hele
Yo
- 20-25 22
40 ~ 7 547410 ~\“ 7,12,14,0.40 EROWN CLAYEY ‘9.6 BROWN
] cL—1 | N L1 SILTY CLAY SANDY 9‘:: SILTY
— BROWN I . GRAVE L “'. J SANDY
] 17,25 ,20 GRAVELLY of 11,9,11 BROWN :ﬂ:: GRAVEL
— am % | sm SILTY SAND %) ol
- SILTY 0 . -9‘-.
50 7] SAND °9 -~ 14 15,17 Wi o8
— 1oLk GRAVEL 9 1.9
I PermeasiuiTy PermEABILITY PErRMEABILITY PerMEABILITY
- DeptH IN FT,7 YR, Depru IN FT,/YR, Deptn IN FT,/ YR, DepTH IN FT,/ YR,
—_ 0- 5 123 0~ 5 21 0- 5 328 0- 5 820
60 ~ 0-10 NML 0-10 64 0-10 37 5-10 NML
10-15 NML 10-15 38 10-15 68 10-15 4
1520 1,108 15-20 58 15-20 15-20 2,392
20-25 1,097 20-25 NML 20-25 20-25 NML
25-30 43 25-30 22 25-30 30 25-30 26
30-35 659 30-35 15 30-35 598 30-35 68
« _ 35-40 775 35-40 137 31-40 244 35-40 5,325
NML= SZRNLEAS_?*:::L: Loss  40-45 1,550 40-45 1,302 40-45 1,144 40-45 9,535
[oine EsTine 45-50 3,765 45-50 1,065 45-50 1,004 45-50 7,193
SCALE
1.OG OF BORINGS FOR THE LLOWER REFUSE DIKE F
IGURE
DESIGNED. CHECKED. ROLLINS, BROWN & GUNNELL, InC. U.S, STEEL CORPORATION’ WELL[NGTON, UTAH NO. 4
b .
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DepTH

0 Howre No. 13 HorLe No. 14 Howe No, 15 Hore No. 16 Hore No, 17 Hore No. 18
- BROWN [ B ROWN sILT N cL—y GRAY
:N\\ SILTY N cRAY GRAY SILTY CLAY
B N A 3,3,8 4,9,9,0,90 CLAY
—N 55,8 CLAY N 10,7,14,0,40 1 . BROWN A 5T 11,1316
-1 \\ l (o By | N N CcL™1 STy \ . * 1-0 SILTY L2 \ 4 cL-2 cL-1 HIGHLY
T ’\\ CLAY (o Biugd | - GRAY —— GRAY
10 Wb BROWN \ cLaY cnv | N _____g_____ 20,55 c0/ars WEATHERED
{f :- 20,14 50 SILTY SAND ;ys 7,10,16,1.0 o ROWN = X41,0 WITH S 10,11,12,0,50 { ::,zf‘,o,as z:_t;rvv Cl:_ ' . CLAY
AT S g STV :&;, cL— cr=~2 ! SHALE
-4 N Lot SILTY SAND \ GRAY 8011
— Nl 60.27,15 TAN STy :i?' 8,14,16,1.0 CLAY X,1,0 LENSES g:'-sz-zo.l.o \- 8,8,15,1.0 CLAY
— cL~mL cLAY PANY - I - i . L=z PermEABILITY
= ol | -7 [N cLT1 N\\ GRAY N DeptH IN FT,/YR
20 7 GEA: . .?.;. GRAVEL HOK | N 13,14 20 SILTY ?\h\ 12,16,21,1,0 GRAY SANDY - :
— go/st1 WEATH (3lah 110,14,20 .x\_‘! x BROWN \ cL-t CLAY 4 N TN SILTY CLAY 0- 5 NML.
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. 10-15 120 § 1) ‘; SANDY N “ 4,11,16 SILTY
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40-45 1,885 40-45 1,028 40-45 1,414
45-50 1,449 45-50 1,268 45-50 709
'NMLz No Measuraeie LLoss During TesTing InTERVAL
SCALE
DESIGNED CHECKED ROLLINS’ BROWN & GUNNELL, Inc. LOG OF BORINGS FOR THE CL.LEARWATER DIKE FIGURE
U.S. STEEL CORPORATION, WELLINGTON, UTAH NO. 5
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APPROVED LICENSE NO.
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TABLE 1.1 SUMMARY OF TEST DATA

PROJECT U.S5. Steel FEATURE Tailings Dams LOCATION Wellington, Utah

DEPTH ST ANDARD INTPLACE UNCONFINED |FRICTIOM _ lcicTeEncy LIMITS MECHANICAL soIL
HOLE BELOW PENE TRA , T COMPRE SSIVE | ANGLE ANALYSIS c CF1CAT

GROUND BLOWS WEIGHT MOISTURE voib STRENGTH ¢ L..L- P.L-. P} %f % % SILT LASS ATION
NO. |SuRFaCE PER FT, LB,-/FT3 PERCENT} RATIO LB/FTJ % % % L raveL| SanD | & cLavy UNIFIED SYSTEM
3 25-26.5 2.4 j19.8 6.4 ML
4 6-7.5 29.9 [|42.7 |27.4 GM, SM

10-15 37.7 |ho.4 |2t.9 GM

20-21.5 57.2 [27.4 lis5.4 GW

25-26.5 25.5 |18.6 ] 6.9 CL-ML

40-4]‘ 56.6 [34.8 8.6 GW
5 0-11.5 52.3 30.5 (17.2 GM

5-6.5 k5.3 [R9.3 |15.4 GM

15-16 35.5 (3.3 |21.2 GH

35-36.5 19.4 j17.2 2.2 ML

4o~ 141 bo.6 §9.7 | 9.7 GW, SW

45-46.5 47.6 ﬁh.S 17.5 GM

ROLL INS BROWN AND GUNNELLD | INC.,

PROFESSIONAL ENGINEERS




TABLE!.2 SUMMARY OF TEST DATA

PROJECT U.S5. Steel FEATURE Tailings Dams LOCATION Wellington, Utah
B o L T eenrrven [rmeriof consisency s | VTSI o

HOL GROUND BLOWS WE IGHT MOISTURE vOoID STRENGTH ¢ L..L. P.L Pl % % % p— CLASSIFICATION

NO. |SURFACEL pemr Fr. Le Fr3 | PERCENT[ RATIO Le/FT3 % % % FRAVEL| SAND {& CLAY UNIFIEE SYSTEM

5 22-23.513-10-1¢C 20.3 | 18.3 2.0 ML

g. flg-11.5 23.1 |15.3% 7.8 cL-1
15-16.5 23.0 [ 16.5 6.5 CL-ML
25-26.5 25.1 [18.9 6.2 CL-ML
30-31.5 33.9 | 19.0 ] 14.9 cL-1
35-36.5 27.4 [29.2 [43.4 sC
4o-41.5 54.8 |33.4 {11.8 GM-GC

16 |5-6.5 20.2 |18.2} 2.0 CL-ML
15-16.5 23.3 |18.9 L. 4 CL-ML
25-26.5 33.4 |19.5113.9 CL-1

17 5-6.5 28.7 [18.9 3.8 cL-}
10-11.5 28.8 j17.3{11.5 CL-1

ROLLINS ,

BROWN AND GUMNNEL[ |

PROFESSIONAL ENGINEERS

PN




TABLE 1.3 SUMMARgF TEST DATA

PROJECT U.S. Steel FEATURE Tailings Dams LOCATION Wellington, Utah
DEPTH ST ANDARD INTPLACE UNCONFINED |FRICTION (o b0 laiTs M::HAN‘CAL solL
BELOW PE NETRA. p COMPRESSIVE | ANGLE abvele CLASSIFICATIO
"O-FlsrounD BLOWS WL;I:;HT MOISTURE) volO STRENGTH d) LL.|P.L.|P.L % % % siT Ass N
NO. |SURFACE] pem FT. | La/Frd | PERCENT[ RATIO La/Fr3 % % % ErRavEL] saND [ & cLAY UNIFIED SvSTEM
17 15-16.5 33.8 120.2|13.6 CL-1
20-21.5 41.7 [25.8 |32.5 SH
25-26.5 22.3 1 15,5 6.8 CL-1/CL-ML
30-31.5 23.0 §19.0 4.0 CL-ML
Lo-41.5 C 74.6 {25.4 SC
ROLLINS, BROWN AND GUNNELL ., INC,

PROFESSIONAL ENGINEERS
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ROLLINS, BROWN AND GUNNELL, INC.

PROFESSIONAL ENGINEERS
April 16,1980

U.S. Steel Corporation P
P.0. Box 807
East Carbon, Utah 84520

ATTENTION: Glenn A. Sides
Gentlemen:

We have reviewed a letter dated February 15,1980, sent to your organization
from John W. Barton, Mine Safety and Health Adwinistration, along with a memorandum
prepared by Kenneth E. Cudworth, Civil Engineer, Mine Waste Branch. The following
‘comments are made regarding these letters.

1. Our investigation of the Upper Refuse Pond embankment was based upon

At the time of our investigation, the downstream toe of the Upper Refuse Dam was
submerged, and it was not possible to determine the exact height of this facility.
Based upon our conversation with officials of the United States Steel Corporation
and our observation of the site, we uged a height of 15 feet for this facility. The
side slopes used in our analysis were based upon side slopes obtained from the con-
struction drawings. v

2., In our original investigation, we concluded that a catastrophic failure
of the entire system was not likely even if the Upper Refuse Dam failed. Our con-
c¢lusion was based upon the following analysis. Recent contour maps prepared by
Aerographics for the United Stares Steel Corporation indicate that the water surface
area upstream from the Upper Refuse Dam is about 80 acres. The total water surface
area impounded by both the Clearwater Dam and the Lower Refuse Dam is approximately
90 acres. Based upon our discussions with officials of the United States Steel Cor-
poration, along with our own observations throughout the storage area, the depth of
free water above the slurry material varies from 0 to approximately 2 feet. The
minimum freeboard for both the Clearwater and the Lower Refuse dikes is approximately
2 feet. It is apparent, therefore, that since the water surface area for the Clear-

Dike, the lower dikes are capable of storing at least 2 feet of water from their

Uppeér Refuse dike storage basin in the event that'this facility failed. In view of
the above reasoning, it is still our opinion that a catastrophic failure of the entlr@
system is unlxkely.

—

3. Mr. Cudworth in his memorandum of August 29,1978, indicated that he has com¥

dike was unstable. He further states that when he visited the facility on September 1,
1976, he found no ponded water surface at the downstream toe. Since the dike had not
failed under these conditions, it is apparent that the factor of safety of the
existing structure was greater than 1.0 and that the shear strength parameters that
Mr. Cudworth used to obtain a factor of safety less than 1.0 were well on the con-

k 1435 WEST 820 NORTH, P.O. BOX 711, PROVO, UTAH 84601 TELEPHONE 374-5771

construction drawings supplied to our organization by United States Steel Corporatiom.’

water and the Lower Refuse dikes exceeds the water surface area for the Upper Refuae ‘&gé'?
i

puted a factor of safety of less than 1.0 and that in his opinion the Upper Refuse : |

5
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servative side,

4. In a memorandum to J.W. Barton, dated October 16,1978, Mr. Cudworth indicated
that by using "corrected" parameters, the DTCS arrived at a factor of safety of less
than 1.0. The stability analysis performed during our original investigation were
based upon shear strength parameters obtained from triaxial tests performed on both
the foundation clays and the refuse material in the dike. Mr. Cudworth indicated that Vv -
he had used "corrected" shear strength parameters. We have no way of knowing what S
shear strength parameters Mr. Cudworth used. However, since the dam existed in a
stable condition with no water on the downstream side of the dam and with water with-
in two feet of the crest on the upstream side of the dam with no failure occuring we
question whether the shear strength parameters used by Mr. Cudworth were better than

the valves we used.

5. In compliance with the request from the Mine Safety and Health Administra-
tion by Mr. John Barton in his letter dated February 15, 1980 we have completed a
“supplemental stability analysis of the Upper Refuse dike. In performing this analysis,
we have modified the geometric parameters to agree with those determined by Mr. Cudworth
during his visit to the site when the downstream slope was not inundated. The down-—
stream slope has been changed to an angle of 34 degrees,'tather than a slope of
2 horizontal to 1 vertical used in the previous analysis. Mr. Cudworth measured the
embankment height at 12 feet rather than 15 feet and, therefore, we have used both
bankment heights in performing the new analysis, to assimilate the existing con-
‘tion and a condition if the embankment were raised 3 feet.

The stability analysis has been performed using Spencer's method, which pro-
vides a rigorous solution satisfying both force and moment equilibrium. The search
routine utilized in the computer program provides three modes of search used in the
iterative process to locate the critical failure surface with a minimum safety factor,
It is our understanding from a previous discussion with Mr. Cudworth at the time the
original stability analysis was performed that the[DTSCSwas just at that time in-
stigating a computer program utilizing Spencer's method.

It should be recongnized that the results obtained from the stability
analysis must be analyzed relative to the location of the critical failure surfaces.
It has been our esperience that for embankments consisting of granular materials
where no cohesion is used in the shear strength parameters and where the side slopes
are steeper than 2 horizontal to 1 vertical, the computer program iterates until a
minimum factor of safety is obtained for a failure surface approaching an infinite
slope, located within inches of the slope profile. Both observation and experience. .
indicates that a failure surface, only inches deep, is not.a true indication of the
actual factor of asfety against slope stability failure. Due to this fact, a sign-

" ificant effort has been expended to eliminate very shallow insignificant failure
surfaces and to obtain the minimum factor of safety for failure surfaces well within
the embankment. _ ‘

In plotting the failure surfaces for the existing facility, it is apparent
how Mr. Cudworth could obtain a safety factor less than 1.0. By using a low friction
angle and zero cohesion for the embankment refuse material, a failure surface only

l.’nches deep in the downstream slope does produce a safety factor less than 1.0.

- _ s
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By using a low friction angle and zero cohesion for the embankment refuse material,
a failure surface only inches deep in the downstream slope does produce a safety
factor less than 1.0. It is obvious however that this slope failure has not occurred

are meaningless in defining the actual minimum safety factor against slope failure.

In our original analysis no cohesion value was used. It is our experience from
numerous other investigations of tailings dikes constructed of coal refuse material
that the unsaturated refuse material in its insitu condition does exhibit some~
cohesion. It can be observed form Figure No. 6 of our original stability analysis
that a significant amount of cofiesion is depicted by the Mogr envelope obtained from
the triaxial shear tests. Therefore, the shear strength parameters used in this
analysis were varied in order to evaluate the affect of cohesion on the minimum factor
of safety against slope failure. The results of our slope stability amalysis are tab-
ulated below. '

UPPER REFUSE DIKE
RESULTS OF SLOPE STABILITY ANALYSIS
(STEADY STATE SEEPAGE CONDITIONS)

Angle Cohesion Minimum Search
Embankment Material ) C Wet Sat TFactor of Limitations
Height (ft) Type (Degrees) (psf) (pcf) (pcf) _Safety (Surface depth)
12 28.5 0 103 1}12 1.22 3' depth
Embank-
12 ment 30.0 0 1.32 3' depth
12 refuse 28:2}__;£99,#~H=-J- ———thigfg Complete search
15 28.5 100 1.38 Complete search
12' with Berm 28.5 0 ' 1.38 >3' depth
15' with 2.5:1 \ v
downstream 28.5 0 1.33 Complete search J
slope Co #@ﬁ

It is our opinion that a friction angle of 28.5 degrees, with a cohesion of
zero, for the refuse material is very conservative based on the results of the
triaxial shear tests. Using an effective stress analysis and with the major portion
of the tailure surface existing within the unsaturated portion of the refuse material,
it is our opinion that a more realistic and yet, satisfactorily conservative estimate
of the shear strength parameters is a friction angle of 28.5 and a cohesion of 100

~ pounds per square foot. Our judgement that these parameters are still significantly
conservative is based on the results of a number of triaxial shear tests which we
W have performed in the past on similar coal refuse material from other tailings dikes.

in general, friction angles of 34 and 35 degrees have been obtained with a small

k\\hamount of cohesion.

to date for the existing facility, and it is our experience that such failure surfaces |
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12 feet high as measured by Mr. Cudworth, exhibits a factor of safety of 1.48 when
100 psf of cohesion is used. It should also be noted that if U. S. Steel Corporation
were to raise this facility by 3 feet to an embankment height of 15 feet, the min-
imum safety factor obtained is 1.38.

Mr. John W. Barton indicated in his letter that for approval to be granted for
the upper refuse embankment the minimum safety factor must be 1.30. If 100 psf of
cohesion is sccepted it is apparent that the stability of the existing facility under
steady state seepage conditions exceeds the minimum requirement and that the em—
bankment height could be increased by 3 feet and still exceed the minimum required
factor of safety.

It will be noted from the above table that the factor of safety has been
determined for the existing facility with a 4! high berm 12' wide, using a friction
angle of 28.5 degrees and no cohesion. This crossection meets the requirement
specified by Mr. Barton as necessary for approval. If the embankment is raised 3'
and if the shear strength parameters are limited to a friction angle of 28.5 degrees

1t can be observed from the results tabulated above that the existing structure,

—
/

and no cohesion, the above“faﬁlézglﬁﬁiiﬁﬁiggié;;gbat a downstream slope of 2.3
hoqjzonEET_FG_I’VE?EEEEQTEHjT be required to obtain a factor of safety greater than
1,56 ——— -r P walllR2elr Lo ot

h‘*’fWhile it is our opinion that the downstream slope of the existing structure
Wnder steady state seepage case has a factor of safety of 1.30 without considering
cohesion, we recommend that a berm 4' high and 12' wide be constructed at the down-
stream toe of the Upper Refuse Dike to insure “compliance with the Mine Safety and
Health Ad~‘unistration,

et T T

Please advise us if.we can be of further assistance to you.
Yours truly,

ROLL1INS, BROWN{S GUNNELL, INC.
/

Vo AL/
. L ééﬁ{:vvz
L. Rollins
President

‘Q.L

\

-/

VAR




APPENDIX - A

STORM RUNOFF CALCULATIONS



CALCULATION NOTES

Subject Storm Calculations By V. R. Watts
Qellington Coal Cleaning Plant Checked
100 Year 24 Hour Storm ' Acc't
Date May 27 1983
Summary Sheet No. 1 of 4 Sheets

Calculation 1

Ponds Completed as Proposed

These calculations are based on the following:

1. The Lower Refuse Dike modifications are completed as proposed in-
cluding the installation of the final pond discharge structure.

2. The proposed discharge structure for the Upper Refuse Pond is installed.

3. 100 year 24 hour storm.
4. No changes to the Clear Water Pond.
5. The proposed permanent diversion is constructed as proposed.

The discharges from upper ponds are added to any storm inflows.

L

i

iResu]ts

t Time of Maximum Maximum Plant Peak Pond

| Occurrence Accumulation Increase in Discharge Discharge
Pond Hrs. Ac. Ft. Pond Depth ft. cfs cfs

-Upper Refuse Pond 24.0 11.31 0.22 7.58 10.01

‘Lower Refuse Pond 24.0 38.28 0.64 * 18.15

Clear Water Pond 24.0 14.28 1.16 * 19.39

*Plant Discharge is included inflows from upper ponds.




CALCULATION NOTES

‘ Subject Storm Calculations | By V. R. Watts
Wellington Coal Cleaning Plant . Checked
100 Year 24 Hour Storm ‘ Acc't
Date May 27 19 g3
Summary Sheet No. 2 of 4 Sheets

Calculation 2

Ponds During Construction

These calculations are based on the following:

1. The Lower Refuse Dike is under construction. The present overflow
structure is still in service. The top of the pipe has been cut

| off to increase the flow capacity. This will result in an open

| end 18" vertical pipe as the overflow structure.

i .

! 2, The proposed discharge structure for the Upper Refuse Pond is installed.

3. 100 year 24 hour storm.

4, No changes to the Clear Water Pond.

‘! 5. The proposed permanent diversion is constructed as proposed.

6. The discharges from upper ponds are added to any storm inflows.

'Results
! Time of Maximum Ma ximum Plant Peak Pond
Occurrence Accumulation Increase in Discharge Discharge
Pond Hrs. Ac. Ft. Pond Depth ft. cfs cfs
Upper Refuse Pondl | 24 11.31 0.22 7.58 10.01
Lower Refuse Pondé 24.0 44.61 0.75 * 16.38
Clear Water Pond . *

*Plant Discharge is included inflows from upper ponds.

1l Same as Calculation 1
2 The Clear Water Pond was not calculated since the peak inflow is
less than the peak outflow with 3 feet of freeboard.

.T
|



CALCULATION NOTES

Subject Storm Calculations By v. R. Watts
Qellington Coal Cleaning Plant Checked
100 Year 24 Hour Storm ' Acc't
Date May 27 19 g3
Summary Sheet No. 3 of a Sheets

Calculation 3

Ponds During Construction

These calculations are based on the following:

. 1. The proposed discharge structure is installed in the Lower Refuse Dike.
The construction is still in progress. An 18" horizontal pipe (part
of the proposed discharge structure) is being used as a water flow
by-pass until construction is complete.

2. The proposed discharge structure for the Upper Refuse Pond is installed.

" 3. 100 year 24 hour storm.
4., No changes to the Clear Water Pond.
.5. The proposed permanent diversion is constructed as proposed.

6. The discharges from upper ponds are added to any storm inflows.

‘Results
Time of Maximum Ma ximum Plant Peak Pond
Occurrence Accumulation Increase in Discharge Discharge
Pond Hrs. Ac. Ft. Pond Depth ft. cfs cfs

Upper Refuse Pond ] 24.0 11.31 0.22 7.58 10.01
L.ower Refuse Pond 2 24.0 36.36 0.61 * 20.49
—- — N
 Clear Water Pond N
j

i .

5*P1ant Discharge is included inflows from upper ponds.

! 1 Same as calculation 1

\ 2 The Clear Water Pond was not calculated since the peak inflow is
| less than the peak discharge with 3 feet of freeboard.

@

|

|



Q Subject Storm Calculations
e

llington Coal Cleaning Plant

100 Year 24 Hour Storm

sSummary

Conclusion

CALCULATION NOTES

By V. R. Watts

Checked

Acc't

Date May 27 19 83
Sheet No. 4 of 4 Sheets

Tn conclusion the storm calculations for the design storm (100 year 24 hour),
show that the proposed modifications to the refuse ponds can contain and pass
the storm runoff with an acceptable rise in the pond water level. The design
storm can also be contained and passed during construction.



Subject Storm Calculations
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Wellington Coal Cleaning Plant

/37////4 4/@1}4[?0/ 7R //23;7(35@0/

!

General Data - (", /o, fatien /

© Number of units of storm data

Nurmber of hours per unit of storm data
Design storm magnitude in inches

Storm duration in hours

Cleaning Plant Discharge

Upper Refuse Pond Data

Pond area in acres

" Number of overflow welrs

Weir lencgth in feet

Elevation difference between welr and pond

Lower Refuse Pond Data

..Pond area in acres

i

Number of overflow welrs

Weir length in feet
Elevation difference betwesen weir

o
A |
fu

pond

Clear Water Pond Data

Pond area in acres

Number of overflow pipes
Inside pipe diameter
Rouchness factor

Slope as a ratio

Zlevation difference between

pipe and pond

- CALCULATION NOTES

By |/ K
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Acc't

Date
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Sheet No.
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Sheets
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L.

2.7
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52.37
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59.87
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12.29

3.0

0.012

0.01

0.1
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Summary of Results
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Storm Magnitude
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CALCULATION NOTES
By /fj LJa ;ﬁfﬁ;
Checked
Acc't
Date /7763';,' JB 195 ¢
Sheet No. <. of A Sheets

Maximum Plant Peak Pond

Time of Maximum
Occurrence Accumulation Increase in Discharge Discharge
Pond Hrs. Ac. Ft. Pond Depth ft. cfs ¢fs
-Upper Refuse Pond 240 /., 3/ O AL 7. 58 JO.0/
Lower Refuse Pond 2 /7/ % 55 725 O &4 * /8,75
.Clear Water Pond 14 p ) 28 /i J ¢ * /9.39

i

i
t
i

1
i

‘*Plant Discharge is included inflows from upper ponds.




THIS PROGRAM MODELSY INFLUWN ARD OUTFLUMS o Rud hif
WELLINGTON REFUSE PONDS
ENTER THE NUMBER OF UNITH 1iF STORH BAIA -
75
ENTER THE NUMBER OF HOURS FOR EACH UNIT ur SEuxe Maii -
T 2.0
ENTER THE POND AREAR IN ALNLS =
1 82,32
ENTER THE DESIBN STORW MAGKRITUDE Ly LnidEs
T 2,74

,ma THE STORN DURATIUN [N HUURS -
0

ENTER THE DISCHARGE FROM THE CORL ULEANLHG FLAMI
IN CFB »
7 7.5
ENTER THE TYPE OF STORK DATa DESIRED
(1) ACCUMULATED INCHES OF Ruwn UFF
(2) RUN OFF IN CFS

12
ENTER THE STORM DATA =
¥ 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0.,2,0.9.0,0,0.4
7 0,0,0,9,9,0,0,0,0,0,0,0,0,0,0,0,0.0.0,0,0.0.0,0,
T 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,u,0,v.0,0,0,9
(1) CALCULAYES DISCHARGY THRU A& SUFFRES:ED wilk

(2) CALCULATES DISCHARGE THRU OFEw b VERTICAL 14ty
(3) CALCULATES DISCHARGE THRU HORI. Uetar Fipis

(4) CALCULATES DISCHARGE THRU AN UFEd GFLLLUAY

(5} COMBINE (1) AND (J)

(6) COMBINE(1) AND (4)

(7) COMBINE (2) AND «3)

{8) COMBINE (2} AND (&)

ENTER THE TYPECALCULATIONS OESIRE
[
ENTER THE NUNBER OF OVERFLOW UEIRs -

ENTER THE WEIR LENGTH =

? 1,44

ENTER THE ELEVATION DIFFERL#CE BETWEEn THE UFlan
AND THE POND IN FEET =

T -0,94
10Tl THCRERSE HE

STORM ALCYR FRECIH atuUn fg FoRb HERTY} Fony ALLUA

TINE DATA RUN QFF I PUND IN FOND DEPTH 11 o HARGE L BCHAkK BLSCHKLL

_guns CFS OR IN  AC FT AC F Al Fi i By e v Fl

240 0.00 1.28 . 1.00 2025 Lud Aoug IR Lad
4.0 0.00 2,51 1,99 3,85 N 8.0 2.03
6.9 0.00 3.76 2.9y 4,72 07 8.1 3,43
8.0 0.00 5.01 3.99 .56 L ../ 4.47
10,0 0,00 6.26 4,94 5038 i 3.0y 6,43
12,0 0.00 7.52 5,78 K] 14 Y. IR
14.0 0.00 8.77 6.7% Lo Lh Vi 9. §udd
14,0 0.00 10.02 7.97 G.ah AT UNT; [ 19 .6y
18,9 0.00 11.28 8.9/ 7.33 .18 Ty LT 12,94
20.0 0.00 12,53 9.94 10,0638 LY Y [ [RTE
22,0 0,00 13.78 10.98 10.34 W20 1 7.8 19,04
24,0 0.00 15.03 11,958 14,01 L Lai 1oy [
26,0 .00 16,29 11.96 Ta.vy o T 9oy 14,9
28,0 0.00 17,54 11,96 16,53 20 L] ?.44 20.00
0.0 | 0.00 18,79 11,96 100 L1y T 9.7 2.
12,9 0.00 20,909 11.94 7.8 19 Fang Fool AR R
34,9 0,00 21.30 11.%4 Y43 18 o0y ¥ oa Fradd
34.0 0.00 22,95 11.9%6 9,09 A7 g 7,93 27.00
38.0 - 0,00 23,80 1t.%a 4. 0 A7 At 7.44 LB/
40.0 0.00 25.06 [v.v4 d,4% e ;.58 9,49 3¢.13
42,90 0.00 24,31 11.96 2.14 W16 BT 9.3 367
44.0 0,00 27.56 f1.%e 7.8y G S8 L 33,0
446.0 9.00 28.482 ti.%6 JeG7 RE AT 9,20 34,735
48,0 0,00 30.07 11.96 7009 A4 } Sl 9,14 Ja.25
0.0 0.00 31.32 11,94 £0d L3 1,58 9,04 3528
52.0 0.00 32.58 11.96 6.78 A3 758 9,03 39.25
54.0 0.00 33.83 11.96 . i W12 Tl B.vn Fi, 74
%4.0 0.00 35.08 11.98 0. 40 A2 BT} 8.74 C IR
58,90 0.00 36,33 1.9 b0 12 7.5 8.a8 213,49
80,0 0.00 37.59 11.96 5.4y Rl 04 8.4 A5, 18
62.0 G.00 36.684 11.¥4 Nead tH 7.h8 g,.0% 46.61
64,0 0.00 40,09 11.%4 .44 LD ST 8,74 18,04
64,0 0,00 41.35 11.96 S.24 A0 At | [ Py 49,50
68.0 0.00 42.40 11.90 5.0u .10 Fa58 B.66 $0.94
70,0 0.09 43,85 11.98 4.87 '} 7,58 8,67 52,37
72.0 0.00 45.10 11.96 4,809 09 .53 8.5¢9 VR
74,0 0.00 46.34 11,96 3.5 0¥ ' 8,75 59,01
0 0.00 = 47.81 It,%a 4.30 Ol qi] 8.5 TR
;!!I'f.o 0.00 48,86 11,94 420 .08 'u8 CIRE] §4.02
80,0 0,00 50.12 11.96 4,89 .08 gt SR 59,47
82,0 0.00 51,37 11.96 7Y Lu? bt B 50,82
84.0 0.00 §52.62 11,98 VS SO ' i i 82004
86,9 0,490 53.87 11.%4 . h ) 8, da ny.y
88.0 0.00 5914 1.9 Sl L) BT g st
90.0 0.00 96.38 11.%8 baad 04 FhE [ PEPRE
92,0 0.00 57.63 1.9 3Ly Sa T gt A7,
94,0 0.00 58.89 .94 $.13 T ] gt A
94.0 0.00 60,14 11,94 Tait T T Aot 0,44
98.0 §.00 &1.3% 11.%a R | irs troalee q o T A4D



0,400 63,90 11,98 e R 7248 d, 16 24,91
“0.00 [T L] 11.986 .60 .05 7.98 B.14 7h.494
0.00 66.40 11.96 .90 05 7.58 ol 2120
Co8.00 47,466 11.96 2.4 L08 7.%98 8.10 78.54
0,00 68.91 11.%94 2.32 .04 7.598 8.09 79.88
0.00 70.14 11.96 2,24 .04 7.58 8.0/ a1.22
0.00 21.41 11.94 2.16 .04 7,58 8.05 32,59
0,00 72,67 11.94 2.48 .04 7.58 X 83.88
10,00 73,92 11.96 2,00 .04 7.58 8.62 85.20
0.00 79.17 11,94 1.93 .04 7.58 8,00 36.93
0.00 76.43 11.96 1.86 .04 7.58 7.9¢ 97,85
0.00. 77,48 11.94 1,79 .03 7.58 7.97 89.17
0.00. 78,93 11,96 1,72 .03 7.58 7.96 94,49
000 18019 11,96 1,66 .03 7.58 7.85 21.80
0,00 91,44 11.96 1.40 .03 7498 7,93 94,11
Y1000 869 11,96 1.54 .03 7.58 7,92 94,47
9,00 94 11.94 1.48 .03 7.38 7.9 94.73
Hﬂ;oﬁ 8%.20 .96 1.42 03 7.58 7.90 87.04
G, 00 B4, 45 11.96 1.37 A3 7.598 Fohy 93.34
0,00 87.72¢ 11.94 1.32 .03 7.98 F.8t 99.64
“0,00  88.96 1,94 1,27 .02 7.58 7.86 100.94

C 000 90,20 11.96 1,22 .02 7.58 7.45 102,24
.00 91.46 11.%6 1.14 J02 7.58 7.84 103.54
0,00 9271 11.9¢ .13 .02 7.58 7.84 104,84
7.98 7.83 104.13

Q.80 93.97 11,96 1.09 02

THE WABNITUDE OF THE DESIGN STORK = 2.74 TN
THE DESIGN STORM DURATION = 24.0 HOURS
THE BISCHARGE FROM THE PLANT = 7.58 LFS
THE POND AREA =  52.4 ACRES
BO YOU WISH TQ RUN YHE PROGRAM AGAIN WITH THE SAnE
STORM DATA
ENTER 1 FOR YEB AND 2 FOR NO
t2
BO YOU UISH TO RUN THE NEXT LOMER PONDB USING THE
THE DISCHARGES JUST CALULATED AS A FLOUW TO THE
LOUER POND
ENTER 1 FOR YES AND 2 FOR MO
1

.. ‘ | .
o . N

1

ENTER THE NUNBER OF NEU STORN DATA POINTS
™H

ENTER THE NEU STORM DATA

T 1,61,5.07,10.46,17.46,22.55,24,20,23.77.21.17,18.02,13,48
T 10.12,7,75,6401,4.48,3.56,2,78,2.04.1.,56,1,2%,,98,.756,.%4
1 .47,.38,.29,.23,.17,.13,.08,.0%, .01

ENTER TME NEM POND AREA IN ACKES
T 59.87
(1) CALCULATES DISCHARGE THRU A SUFFRESSED WEIR
(2) CALCULATES DISCHARGE YHRU OPEN END VERTLCAL PIPES
(3) CALCULATES DISCRARGE THRU HORIZONTAL PIPLS
(4) CALCULATES DISCHARGE THRU AN OFEN SFILLUAY
(5) COMBINE (1) AND (3)
(6) COMBINE(1) AND (4) !
(7) COMBINE (2) aND (3)
(B) COMBINE (2) AND (4)

ENTER THE TYPECALCULATIONS LSIRED
L]
ENTER THE NUNDER OF OVERFLOW WELRS =
73
ENTER THE WEIR LENGTH =
T .44
ENTER THE ELEVATION DIFFERENLE BETWEEN THE WEIR
AND THE POND IN FEET =

t-0.70
fOTAL [NCREASE NET

STORN ACCUN PRECIF ACLUN IN FOND PLANT POND ACCUN

HE DATA RUN OFF IN POND Id POND DEPTH Dl SLHARGE DISCHARGE DISLHARGE
‘ar«s CFS OR IN AL FI AC FY AL F1 FT. CF% LFg At FY
.0 .68 1,40 1.14 2,74 .05 7.58 8.0 .69
4.0 13.47 3.83 2.28 S.42 .09 743 9.00 2.12
4.0 19,05 4.98 3.42 .2 NE 7,54 9.76 1.47
8.0 26,43 11.35 4.5 12,04 W20 7,98 10,57 5,47
10.0 31,50 16,55 5,79 Té.84d 28 A48 12,07 7.2
12.0 3.4 22.06 4.84 244 36 £ 48 13,41 L waE?
14,0 33,05 27.52 7.7 28413 .44 ERY Ta. 1.9
14,0 30.40 32.58 9.1 30.90 .50 /o4l 19,74 14,21
18,0 27460 37.14 9.5 5y W4 T Vh. o 16.99
20.0 3.2 40,98 11,39 §5.48 59 7.58 17,34 15,70




o

4.0
g.v
0.0
2.9
4.9
6.0
8.0

0

G Bl B

[

40,
42,0
4.0
46.0
48.0
50.0
52,0
54,0
56.0
58.0
40,0
62,0
64,0
46,0
48,0
70,0
72,0
74.0
76.0
78.0
80.0
82,0
84,0
86,90
88.0
20.9
92.0
94.0
96.0
94.0

100.0

102.0
104.0
106.9
108,90
10,0
112.0
114,90
116.0
118.0
120.0
122.0
124.0
126.0
128.0
130.0
132,40
134.0
1340
138,90
140.0
142.0
144,0
144.0
148.0
150,0

THE MAGNITUDE OF THE ulbwiud SiQin < .
THE DESIGN STORM DURATIUN = 24.  Hijloy
THE DISCHARGE FRON THE FIANIT
THE FOND AREA =

15,43
td.h2
13,42
1d.4¢6
11.74
11.19
10.1
10.37
10.08
9.8%
7.67
9.52
%.37
9,26
9.13
9,06
8.94
8.88
8.80
8.74
8,70
.B.46
8.62
8.5¢
8.55
8.52
g.48
8.45
B.42
8.3%
B.36
8.33
8,31
8.28
8,26
8.23
8. 21
8.19
8.14
8.14
8.12
8.10
8.09
8.07
8.05
8,03
8.02
8,00
7.99
7.97
2,96
7.95
7.93
7.%2
7.
7.90
7.49
7.87
7.86
7.85
7.84
7.84
7.8%

Lo
Soa
Y, 4
-DPRTY
&2.0/
§3.74
6%.4%
6., 04
48,68
0.0
JHaHe
73,44
T4
76444
27,40
A TS}
80.74
2,1y
83,04
85.04
84.4Y

s
HY.3¢
0,74
92.13
23,54
94.92
Y640
97.6%
99.04

100,44
tol.HY
1041/
104.%4
1050y
107,04
108.5%¢Y
10Y.94
111,00
112,47
11490
F19.2¢
18,0
117,94
19,2/
120.%Y
121.91
123.23
124,55
126,66
12710
124,46
129,79
13,9y
132,40
1.0
135000
146,30
137, 5y
Vid. 8y
140,18

G9.y ALKES

[
Phaat
[

3.

HER
18007
13007
1i.ad

13,07

Nt

T

1300/
13,67
Tasal

fuhe

ool
Vi
(B
[BIWINE
Vi

Vg

IR
toor
VoL
[T
LB 2%
Ti.4ad
oo
[
1044
A
Yauy
Yt
.
-y

WA
6.0l
B
Y
LY

Ly

Lty

DO YOU UISH YO RUN THE FROGKAD AGATN WiiH THL
STORH DATA
ENTER 1 FOR YES AND 2 |1 yR 8O

2

DRtk

DO YOU WISH TQ RUN THE NEXT INWER FOwb N ENE THE

THE DISCHARGES JUST Ll BLATED A o Fiuod T 1HE

LOWER POND
ENTER 1 FOR YES AND ;' UK NU

10
e
Vil
Uy
gl
LU
.08
At
N
0%

.U




e R ST TR

: 1
| ENTER THE NUABER OF WLV STOKH DATA POINIS
(-] !

: ENTER THE MEW STORA bala
! ' ol°’.°|.°'°
{ ENTER THE NEU POND ARKA [N ACKES
11029
(1) GALCULATES DISCHARUL THRU A SUPPRESSED WEI(R
{2) CALCULATES DISCHARURL THRU OFEN ENU VERTICAlL PIFES
(3} CALGULATES DISCHAKYE THRU HORIZONTAL PIPES
. (AY CALOULATES DISCHARUE THRU AN OPEN SPLILLWATY
(p)'CDNBlME (1) ARD (5
' (&) GOMBINE{1) AND (4)
: (7)Y GONBINE (2) AND (Y)
(8 CONBINE (2) AND (4)
ik
e

ENTER 1HE1TVPECALCULA11UNS DESIRED

73

ENTER- THE INSIOE PIPE WIAMETER IN FEET<
13.0

ENTER THE ROUGHNESS fAUTOR
70,012

ENTER THE PIPE SLOPE AY & RATIC ¢
0.0t

ENTER THE NUMBER OF DVERFLOW FlvES =
11

ENTER THE ELEVATION VIFFERENCE HETWEEN THE ROub
AND THE BOTTOM OF THE QVERFLOW FIFES =

104
{0ial THERE nSE NET
STORK aCtUN FRECIP ACCUN IN FOND FILANT Punp ALK
TIME DATA RUN Dk¢ IN FUND LN POl BEFTH DISCHARGE LIS CHARGE BISLHARGE
HOURS  GFS OR IN AL FI aC K1 ALFT FT TFS CF5 ac F
2.0 8.30 1.3 W23 (I NE 7.58 L1 Wb
4.0 9.00 2,88 WA/ 3,33 .27 7.58 An 4
4.0 9.76 4,47 70 5.3 AT 7.58 (Y Ll
8.0 10.82 4,26 K7 6,98 K7 758 Dby sal
10,0 12,09 B.24 1,47 §.76 7 7.58 8.5y 1.a3
12.0 13.41 10.48 1.49 1,45 L84 7.48 7, b4 7,84
14.0 14,68 12,40 taad 11,66 .95 7.58 12,047 4.7y
16.0 15.78 15491 187 12,66 1,04 7.98 P00 7.0t
18.0 16,469 1842/ 2000 14,36 1.0% 788 Vo, 90 ¥ eal
20,0 17,35 21,148 2,34 15,82 B N VO 7.58 18,14 12,55
22.0 17.61 24,04 207 14,10 1oth 7.58 [ 14.41
24,0 18,15 27.08 ol 14.28 116 7.58 17,4y 19..4
1 26,0 18,05 30,04 2,81 14,09 1.15 7.458 14,89 21,54
28,0 - 17,88 33,00 S 14,89 1.1 7.68 feu 3t Ll
30.0 17,64 J5.¥4 2.1 LIRS Tt 7,58 .8
32.0 17,41 3940 2,81 11,62 1.1 7.58
34.0 1703 41,64 2. [N o6 T
36.0 16.85 44,44 ] 15,42 1,09 7.08
38,0 14,55 LY N 2.41 1,31 1.08 7.94
40.0 14,25 49,44 2,61 15,09 1.07 7.58
42,0 15,95 52.4% 2,61 1a.0% .07 756
44.0 15,68 55,04 2,80 10,008 1o 7.58
= 46.0 15,37 57,63 7.81 1,87 1.0h 7,58
48.0 . 15.09 60.11 261 1778 1,04 7.58
$0.0 14,81 6206 2,41 165 1,08 Pk 1
52.0 14,55 84,56 2061 154 1.02 7.98 1
4.0 14,39 87,43 261 [T 1.6 LT
56,0 14,04 69,64 2,81 17.34 1,00 ey
58,0 13.80 71,94 2.81 10,24 1.0 7.58 1
80,0 - 13.56 74,1/ 2,8 taotd i Y
62,0 13,34 76.37 2.81 10,05 .93 7.58 i
64.0 13.12 78.44 2,61 11,96 97 TuhB i
66.0 12,91 80,48 2,41 11.87 .97 7.58 1 ;
48.0 12,71 82,78 2.8 1.7 9a P [ER2 EERE
70,0 - 12,82 84.8% 2.81 11.70 98 7458 toa R
22,0 12.33 Bo.u8 2.8t 11,62 95 7.58 12,53 B0, 14
74.0 12,16 98,49 aLHi 11.54 94 7.5 P8 VNG|
76,0 11,99 90.847 2.8t 11,47 93 7.58 1217 84,24
78.0 1,82 92,04 2,61 11,49 93 7.58 14,01 Bé,24
20,0 11,47 94,76 281 11,34 W92 7.58 11,84 44,21
82.0 11.52 96,66 2.81 1.2 KX 7.48 1169 90,15
84,0 11,37 98,54 2.41 1y 91 7.58 11,54 Juau?
84,0 11,23 100,40 2.81 11,13 K2 V.08 11,49 93.97
88,0 : 11.10 102,23 2.81 1,07 T 7,58 11,24 79,84
90.0 10,97 104,04 2.81 11.01 50 7.58 ot EOY
92,0 10,85  105.84 2.81 10,5 8y 7.58 11,00 79,52
#4.0 10,73 107,61 2.6t 14,90 g7 758 1. 87 191,13
96,0 10,61 109.3% 2.81 10.84 83 7.58 10,74 fad. 1t
98.0 10.5¢ 11110 2,81 10.79 B3 7.54 Th.44 194,98
100,¢ 10.40 112,82 281 16,74 g 7.58 19.53 106,63
102.0 10,30 114,52 2.81 10.49 N 7.58 T4 18, 47
._104.0 10,20 114,22t 7.81 10.45 47 254 19,33 110,048
: T 1060 10,10 117.80 2.81 16,60 82 2.58 10,34 VI, TR
‘ 108.0 10,61 19,5} 2,61 10.54 86 7.548 .14 IRETRT
110.0 9.93 121,17 2,81 16,52 6 ET. 14,04 1513
112,09 ' 9.84 122,40 2,81 10,47 335 7.58 F.98- 116,78
114.0 .76 124,41 2,41 10,44 45 7.5 N 118, 42
116,0 9.68 126,01 261 10.40 .89 7.58 7Y 10,9
118.0 F.61  127.60 2,81 10.36 44 7.548 1.7 121,86
120.0 .94 129,14 2,81 10,32 .84 7.598 V.o [
122,07 9.47 13074 2,81 10,29 B4 7.58 7,57 124.4




124.0 9.34 1453.84 .81 16,00 L33 7.98 9.43 127.99
128.90 9.28 135.37 2,81 (FE L33 7.58 9.37 129.54
130.0 9.22 116,90 .60 16,15 .33 756 7.30 131.08
132.0 .16 ° 138.41 .85 1.t LA 7.58 7,04 132,41
134.0 ?2.10 t39.91 K 10,11 42 758 ?.18 134.14
136.0 9.05 141.41 2. 61 10,03 .32 7. 58 9.13 135.45
138.0 9.00 142.90 7,81 10,04 .37 7.58 9.07 137.14
1490,0 8.95 144,38 2,81 T Y ET 9.02 138,45
142.0 8.90 145.85 2.81 Vo, G = .58 83.97 149,14
144.0 B.8S 147.31 2,81 V.54 = 7.5 .52 141,62
146.0 8.81 148,77 2. Y Vo 41 7.54 8.38 143.09
149.0 8.77 150.22 2,81 Y93 =T 7. 54 8.83 144,55
150.0 8.72 151.64 2.61 F. LA 7.5 B.79

144,01

THE MAGNITUDE OF THE DESIGN STuyRs = 2.74 Id
THE DESIGN STORM DURATION = Z4.0 HOURS
THE DISCHARGE FROM THE FLANT = 7,98 <CFS
THE POND AREA = 12.3 ACRES
DD YOU WISH 7O RUN THE FROGRAR acald WITH THe SANE
STORM DATA
ENTER .t FOR YES AND 2 FOR KO
7?2
BY YOU UISH TO RUN THE NEXT LOWER POND USIAG THE
THE DISCHARGES JUST CALULATED A5 A FLOW TO 7HE
LOUER POND
ENTER 1 FOR YES AND 2 FOR WO
2




Subject Storm Calculations

&%of/egf' giéy.éaur 'QfZ;hﬁ7

Wellington Coal Cleaning Plant

l%azﬂf /f%fgdP 4£7a/ Z&hﬁho CZWG;¢ua%hﬂ

7
%f/ &ania/ /q/\f)f’ ﬁ/f’/’//ﬂ'a/

General Data - Ca/c.-,,/af?aﬂ Z

Number of units of storm data

Number of hours per unit of storm data
- Design storm magnitude in inches

Storm duration in hours

Cleaning Plant Discharge

Upper Refuse Pond Data

Pond area in acres
Number of overflow weirs
Weir length in feet

Lower Refuse Pond Data

| Roughness factor

Pond area in acres
Number of overflow pipes
Pipe diameter

Slope as a ratio

Clear Water Pond Data

Pond area in acres
Number of overflow pipes
Inside pipe diameter
Roughness factor

Slope as a ratio

Elevation difference between weir and pond

. Elevation difference between pipes and pond

Elevation difference between pipe and pond

CALCULATION NOTES
By VAL

Checked

Acc't

Date W(frt/ A 7 195 3

Sheet No.  °/ of 2. Sheets

75
&L.0
A, T4
24,0
.95

2,00 A
59.87

Y
-, 3 _)5.‘
00 5

12.29

3.0
0.012
0.01
0.1




CALCULATION NOTES
Subject STor ccﬁ/C‘bA' 7{'@775 By )/ /WJa %
Jiuﬁc?/‘“ L2t Foppr 571'/)/*/?7 Checked
/Lje//ﬁa//'iﬂ Cra/ ' Acc't
Loa;ﬂf‘ /(6’/[:)56’ /0/7()/00/7/7& (;n?? U(Z/‘gw : Date /770;/ ﬂ 7 ]9’5:3
Hor, 2o/l /,JP Over 7[/,:4,; Sheet No. A of & Sheets

Summary of Results

Design Storm 00 yeer 24 froor 57é'7/‘ﬂ’)

Storm Magnitude 5?4 77L

Time of Maximum Maximum Plant Peak Pond
Occurrence Accumulation Increase in Discharge Discharge
Pond Hrs. Ac. Ft. Pond Depth ft. cfs cfs
3 [ - . ,
Upper Refuse Pond W} s, // 3/ 0. A /.55 S0 07
Lox Refuse Pond 77 * 5
ver Retuse fond | 24,0 44, 6/ .75 /6.38
C]ear Water Pond < *

;*Plant Discharge is included inflows from upper ponds.

1
7
i fﬁznc (7 Ca /cU/a)fz_W /
1
i

&
The C/é’nermn]fa/* /%no/ Coas /7(’/_ (_?a/c‘-//ﬁ /t’c/ Simee The e A ot
+5 /955 /%c;n /Za /(-’c; 4’ c}/z '5f//q rgo ‘o /’6 5 iy . § }[;'ew éc;{;/"a/




(1) CALCULATES DISCHARGE THRU A SUPFRESSED WEIR

(2) CALCULATES DISCHARGE THRU OPEN END VERTICAL FLPES

(3) CALCULATES DISCHARGE THRU HURIZONTHL FIFES
{4) CALCULATES DISCHARGE THRU AN GFEN SPILLUWAY
{3) COMBINE (1) AND (3)

(&) COMBINEC1) AND (&)

(7) CONBINE (2) AND (3)

(8) COMBINE (2} AND (&)

ENTER THE TYPECALCULATIONS DESIRELD
? 3 :
ENTER THE INSIDE PIPE DIAMETER I8 FEET=
? 1,44
ENTER THE ROUGHNESS FACTOR
7 0,012
ENTER THE PIPE QLOPE AS A RATID =
7 0.03 :
ENTER THE NUMBER OF DVERFLOW PIPES =
71
ENTER THE ELEVATION DIFFERENCE BETWEEN THE FONE
AND THE BOTTON OF THE OVERFLOY FIPES =
7 ~0.35

. TOTAL
STORM ACEUH PRECLP ACCUR
TIKE DATA Run OFF IN FOND I FapD
HOURS  CFfS OR IN AC F7 AL FT AL FI
2.9 1.14 2.4
4.9 2.25 .34
6.0 3.47 F.60
8.0 4.36 14,41
0.0 570 19.43
12,9 6.84 25.314
14.0 2.7 30,43
14.0 9.11 34.83
18.0 10.25 38.445
20.0 11.39 41,14

PREREASE

In FORD FLANT
g FTH HISLHARGE
F 1 CFS

L5 7.53
A9 7.hg
16 7,58
W2 J.54
33 .58
A .54
51 7.549
Mt . 7.58
.64 7.398
49 .58

POND
DISCHARGE

NET
ALEUH
DISCHARGE
AC FT



26.0
28.0
30.0
32.0
34.0
36.0
38.0
30.0
42.0
44.0
45.0
48.0
30.0
92.0
34.0
56.0
8.9
60.90
42.0
4.0
84,0
68.49
70.0
72.0
74.0
76.0
78.0
80.9
82.0
84.0
B4.0
88.0
§0.0
§2.0
?4.0
76.0
8.0
100.0
192.0
104.0
106.0
108.¢
110.¢
2.0
t14.0
118.9
118.0
120.0
122.0
124.0

19.93
14,352
'3.32
12.44
11.76
11.19
10.71
10.37
10.08
?.83
.67
?.32
9-3?
?.24
?.13
?.06
8'96
8.88
alao
8.7‘
8.70
8-66
8.42
8.39
8.55
8.52
8.48
8.45
8.42
§.39
8.36
8.33
8.31
8.28
8.26
8.23
8.21
8.19
.18
B.14
8.12
8.10
8.09
8.07
8.03
B.03
8.02
8.00
7.99
7.97

49.8%
92.25
34,45
36.51
98,45
40.30
62,07
43.78
65.45
47.08
48.48
70,23
71.80
73.33
74.84
74,34
77.82
79.2%
80.74
g2.1%
B3.43
83.06
84.49
87.%
89.32
20.73
92.13
?3.33
94,92
96.30
97.46%
99.04
100,44
101.80
103.17
104.53
105.89
107.24
108,59
109.94
111,28
112,42
113.%4
115.29
116.62
117.95
119,27
120.59
t21.9
123,23
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21.44
24.35
27.03
29.69

- 32.3%
- 34.89

37.43
39.93
42.3%
44.80
47 .12
49.50

. 91.78

34.02
36.22
58.37
60.49
62.97
&4.61
46.42
68.40
70.54

72.43

C74.33

74.18
78.01
79.81
81.59
83.34
85.08
36.79
88.48
70.15
91.80
93.44
99.06
76.44
98.25
99.83
101,39
102.94
104.48
106.60
167.51%
109.02
119.51
111,99
113.44

f14,93
115 TO



128.0 2.95  125.86 13.67 21.70 .34 7.58 - '8.48 119.27
130.0 7.93 127217 13.67 21.58 .36 7.58 B.564 120.70
132.0  7.92 128.48 13.47 21.45 .36 7.58 8.60 122:12
134.0 7.91  129.79 13.47 21.34 .36 7.58 8.55 123.54.
136,00  2.90 131,09 13.67 21.23 .35 7.58 8.52 124.95
138.0 7.89 132,40 13.67 21.12 .35 7.58 §.48 126,35
140.0 7.87  133.70 13.47 21,01 .35 7.58 B.44 127,75
142.0 7.86 135.00 13.47 20.92 .35 7.58 8.41 129,15
144.0 7.85  136.30 13.47 20.82 L35 7.58 .38 130.53
146.0 7.84  137.59 13.67 20.73 .35 7.58 8.35 131.92
148.0 7.84 138.89 13.67 20.64 .34 7.58 8.32 133.29
150.0 7.83  140.18 13.67 20,564 .34 7.58 8.29 134,66

THE HAGNITUBE OF THE DESIGN STORM = 2.74 IN
THE DESIGN STORN DURATION = 24.0 HOURS
THE DISCHARGE FRON THE PLANT = 7.58 LCF3
THE POND AREA =  B9.9 ACRES
DO YOU UISH TO RUN THE PROGRAR AGAIN WITH THE Samt
STORN DATA
ENTER t FOR YES AND 2 FOR NO -
v 2
DO YOU WISH YO RUN THE NEXT LOUER FONIt USING THE
THE DISCHARGES JUST CALULATED AS A FLOU TG THE
LOWER POND
ENTER ' FOR YE9 AND 2 FOR NO
T2

= .



S CALCULATION NOTES
Subject Storm Calculations By V/f/{)a%
Y yéar 24 fpor STorm~ .. Checked
Wellington Coal Cleaning Plant Acc't
Lo er /f/ffwﬁ ford ol rioe Cop 5;“-76047 - Date oy A7 195 3
U[e,f,-ca/ /J,,‘Je, oo /awg; fetese /2 Sheet No. // of A Sheets

General Data . (g /CU /c ]".aﬂ 3

. Number of units of storm data /5
Number of hours per unit of storm data R D
Design storm magnitude in inches 2, 74
Storm duration in hours 2 4. O

,; Cleaning Plant Discharge 7 58

; Upper Refuse Pond Data

i : ' :

. Pond area in acres 52.37

' Number of overflow weirs ;
wWeir length in feet fo H Y

, Elevotion difference between weir and pond -2, 9

| Lower Refuse Pond Data

.Pond area in acres 59.87

| Number of overflow pipe(s) /
Pipe diameter Jo FH
Elevation difference between pipes and pond —. 6 R,

. Clear Water Pond Data
Pond area in acres 12.29

. Number of overflow pipes 1.
Inside pipe diameter 3.0
Roughness factor 0.012
Slope as a ratio 0.01

Elevation difference between pipe and pond 0.1




. Subject S 177 Cu/Cu/G 7L'ﬂ/75

CALCULATION NOTES

By V/,‘J/rja#g

/00 year 24 bove STirm Checked
M%fﬂ no/c/faﬂ//?} /p/ﬂﬂ?" . Acc't
Locer o uise /gna/ o /‘/ﬂg éQ .2& (dd}? Date /ﬂc} p A7 1953
%’rfrca/ﬂ oo Fogm Zmuef ﬂﬁqe o Sheet No. 2. of 2 Sheets
Summary of Results
Design Storm /ﬂﬂye’dr— 24 Hoer ST
Storm Magnitude A, T //7_:-/54"5
Time of Maximum Maximum Plant Peak Pond
Occurrence Accumulation Increase in Discharge Discharge
. Pond Hrs. Ac. Ft. Pond Depth ft. cfs cfs
' Y l . .
‘Upper Refuse Pond 4.0 /. 5/ O, d A 7,53 /0,07
Lower Refuse Pond (2 L/ 2, 36 3; 0. 4 / * 7.2(9"7/(/‘
%C]ear Water Pond ™ *

*P]ant Discharge is included inflows from upper ponds.

2 72)(5 C/tﬂrcucfe’r
f/JQd

i Taﬂ?c_ G5
l
i

P 4:’5_5

C /Cb/ Z/on

Fone

cda s /7477 aa /c‘c»/ﬁﬁ’c
7%&1.. /oeq-k 0(1’5('/75?/':}76’

- T ///r /)(--’a-k
[ /'/1 3 ;/ c-’f }:,’i’r' /70”1""'/\

4 );/)i-/c L




ENTER THE NUMBER OF NEW STORM DATA POINTS
7 31 ' .

ENTER THE NEW STORNM DATA
1.61,5.,07,10,46,17.66,22.55,24,20,23.77,21.17,18.02,15,48,10.1%,
7.7546.01,4,68,3.96,2.78,2.16,1.86,1.25,.98,.76,.59,.47,.38..29
.23,.17,.13,.08,.09,.01

ENTER THE NEY POND AREA IN ACRES
T 59.87 :

{1) CALCULATES DISCHARGE THRU A SUPPRESSEN UEIR
(2) CALCULATES DISCHARGE THRU OPEN END VERTICAL FIPES
(3) CALCULATES DISCHARGE THRU HORIZONTAL PIPES
(4) CALCULATES DISCHARGE THRU AN GFEN SPILLVAY
(S) COMBINE (1) AND (3)
(6) COMBINE(1) AND (4)
(7) COKBINE (2) AND (3)
(8) COMBINE (2) AND (4)

D

ENTER THE TYPECALCULATIONS DESIRED
T2
ENTER OUY FLOW PIPE DIAMETER =
7 1.44
ENTER THE NUNBER OF VERTICAL PIPES
1
ENTER THE ELEVATION DIFFERENCE BETWEEWN THE FUND
AND THE DISCHARGE PIPES =

? '0162
TOTAL THCREASE
STORM ALCUM PRECIP acCcuM I FOND
TIME BATA RUN OFF IK FOND Id FORD JIEPTH
HOURS CFS OR IN AC FT at F1 Al T FT
2.74 .05
5.43 .09
B.30 14
12.243 28
15.83 28
21.47 3a
25.81 43
29.44 49 .

FLANT
DISCHARGE
CFS

"l
"

on
(=]

B B e T
o oLnoon on
[+ Qi » R =] e ]

b e T
- =
h
[=~]

FOND
DISCHARGE
LFS

- ———

NET
ACCUM
GISCHARGE
AC FT



17.76 47.22 13.67 34.36 41

7.58 20.49 27.88
15.93 49,85 13.47 35.64 .60 7.58 20.18 31.24
14.52 52.25 13.67 34.468 .58 7.98 19.78 34.54
13.32 54,45 13.47 33.58 .56 7.58 19.33 37.78
12,46 56.51 13.47 32.40 .54 7.58 18.85 40.93
11.76 58,45 13.67 31.19 .52 7.58 18.34 44.01
11.19 $0.30 13.67 29.94 .50 7.58 17.67 47.00
10.71 62,07 13.47 28.74 .48 7.58 17.38 49.91
10.37 $3.79 13.67 27.54 Y 7.98 16.91 52.75
10.08 65.45 13.67 26.37 .44 7.98 16.45 55.51

9.85 - 47,08  13.67 25.24 .42 7.58 16.02 58.19
9.47 - 4B.68 . 13.87 24.14 .40 7.58 15.60 40.8¢
9.52; 70.25 | 13.67 23.12 .39 7.58 15.20 63.35
9.37,° .80 | 13.67 22.12 .37 7.58 14.83 45.83
9.26, 73.33 | 13.47 2117 .35 7.58 14,47 68.25
9.15. 74,84 13.47 20,24 .34 7.58 14.14 70.62
9,06 76,34 - 13.87 19.40 .32 7.58 13,82 72.93
8.94  77.82 13.47 18.57 .31 7.58 13.51 75.18
8.88 -~ 79,29 13.67 17.78 .30 7.58 13.23 77.39
8.80 B80.74 . 13,67 17.02 .28 7.58 12,95 79.56
8.74 - 92.19 13.47 16.30 .27 7.58 12.70 81.48
8.70°  93.63 13.467 15.62 .26 7.58 12.44 83.76
B.66  95.06 13.67 14.97 .25 7.58 12,23 95.80
8.62  86.49 13.67 14.34 .24 7.58 12.01 87.80
8.59 87.91 13.67 13.78 .23 - 7.58 11.81 89.77
8.55  89.32 13.67 13,22 .22 7.98 11.61 91.70
8.52  90.73  13.47 12.69 .21 7.58 11.43 93.461
8.48  92.13 13.67 12.19 .20 7.58 11.26 95.49
8.45  93.53  13.47 1.1 .20 7.58 11,10 97.33
8.42 94,92 13.47 11,25 A9 7.58 10.94 99.15
B.39  946.30 13,47 10,82 .18 7.58 10.79 100.95
8.36' 97,49 13,67 10.41 17 7.58 10.45 102,72
8.33 97,06 13.47 10,01 17 7.58 10.52 104,47
8.31 100,44 13.47 9.63 186 7.58 10.40 106.20
8.28 - 101.80 13.67 9.27 15 7.58 10.28 107.91
8.26 103.17 13.67 8.93 5 7.58 10.14 109.60
8.23 104,53 13.47 8.60 .14 7.58 10.05 111.27
8.21 105.89 13,47 8.29 14 7.98 9.95 112.92
8.19 107.24 13.67 7.99 .13 7.58 9.85 114.56
8.16 108,59 13.67 7.70 .13 7.58 9.76 116.18
B.14  109.94 13,67 7.42 .12 7.58 9.67 117.79
8.12 111,28 13.67 7.16 .12 7.58 9.58 119,38
g8.10 112.62 13.67 6,91 .12 7.58 9.50 120.95
8.09 113.95 13.47 b.67 R 7.58 9.42 122.52
8.07 115.29 13.67 b.44 i1 7.58 9.35 124.07
8.05 -116.52 13.67 6.22 10 7.58 9.28 125.61

03 117.95 13.47 4.01 .10 7.59 2.21 127.14

.02 119,27 13.67 5.80 A0 . 7.58 9.15 128.65
8.00  120.59 13.67 . 5.81 .09 7.58 9.08 130.14
7.99 121,91 13.67 5.42 .09 7.58 9.02 131.44



§24.0 ;D?f 1£dased ldaelr

(S ) M F L AL T a3 9
126.0 7.96 124,55 13.47 5.907 .48 7.58 8.91 134,62
128.0 7.9% 125.8% 13.467 4,91 .08 7.58 B.84 136.09
130.0 7.93  1272.17 13.87 4.759 .08 7.08 g.a81 1372.55
132.0 7.92 128.48 13.67 4.60 .08 /.38 B.74 139.00
134.0 7.%1 129.79 13.67 4.44 W97 758 g.72 140,45
134.90 7.%0 131.09 13.67 4,31 L7 7.38 8.467 141.89
138.0 7.8%9 132.4¢0 13.467 4.18 .07 7.8 8.63 143.32
140.0 7.87 133.70 13.47 4.09 07 7.54 8.359 144.74
142.0 7.86 135.00 13.67 3.93 .07 7.58 8.35 144,14
144,90 7.85 136,30 13.67 3.891 LJ8 7.58 8.52 147.597
146.0 7.84 137.59 13.67 3.7 .08 7.98 B.48 148,97
148.0 7.84 138.89 13.67 3.59 04 7,58 8.45 130.37
150.0 7.3 140.18 13.67 3.48 36 7.58 8.41 151.76

THE MAGNITUDE OF THE DESIGN STORK = 2.74 IN
THE DESIGN STORM DURATION = 24.4 HOURS

THE DISCHARGE FRON THE PLANT = 7.38 LFSs

THE POND AREA =  5%.9 ACKES
DO YOU WISH TO RUN THE FPROGRAM AGAIN WITH THE SAHE
STORN DATA

ENTER 1 FOR YES AND 2 FOR NO
71



CALCULATION NOTES
By ﬁr ﬂ. /4

Checked
Acc't

4 - 25 —1987
Sheet No. 2 / of 22 Sheets

o oy
NERE oy o6 RArW
. =

- 25 -2 #—

;.4"‘ LT /4 -2&| 2524 /aa-z;ﬁ
Lol | 4 o AarF2 10.223 2.345
2 f /27 /.78 2. [/ 2. /L A TA
4 £./7 5. 85 0.0 .10 o-/7
' g.29 |/ .63 b.05 | pd4 § 0./7

8 14,172 1/9. 59 0.0 | 0.03. | 0.05
/0 /9 20 122,08 Q. g I
/ 22.34 13/ .31
/4 22.52 Y5/.97 $206371590 2551980.72F
/s 22 44 220 85 g 844 | #8797 F/.0£3
1Z (9.59 |27.42
X 3 /6.78 23,46
2% /7.08 |/2.2%8
24 9.7% /3.67 ]
R 7.%0 V /099
28 1 6./8 | B & | /A
L 20 \4.29 )\ 4.92
172 2.9/ |.5.47
| 34 .08 | £ 20 .
26 242 |3.38 |-
L 24 [ 72. | 2. 48 | e .
L 40 Vs V2. r2. ) 3/ )
L4 /. /% | /. |2, _
' 44 0.95 |7.33 1 -
’__L[ Q.22 | /. ¢ea L
45 - 0.4/ | 2 F5F
0‘__51 ). 4% '} 8.67 —
| $2Z 0.3 leo.s/ .
’? 0,29 L 2.#0 R SR A
(ﬂ_ O 23 2.3/ _
r'il 2./183 o, 26 [ DU

R m R




CALCULATION NOTES

Subject (/' / ﬁya’az‘zm ol ﬂngg,; By MO A
e 2o F Oralinale eS, g S Jbrnes Checked
LY fovr ST Acc't
_ e 1953
E/\mder /«a)(use /'?717&/5 Sheet No. of Sheets
Time Locrerrrenr Soyr | A5 4m | /00 yr
hovrs 2ahe | PO | PN
' 0 O 0 0
A 0,73 )05 L6/
49 .30 3.32 1| 5,07
A4 4.79 | &.84 | /046
1 B.00 | //.54 1 /7 &L
/0 [10.R2 |\ /4. 74 | A1 55
/S 10.9¢ | 15. 82 | 4.0
/4 /0. 76 V15,54 1 323.727
/4 9591 73.8412/./7 _
/8 §/172 1 /.78 1/8.02
A0 Wi §.86 | /3. 48
L] AR 4.59 | 4.62 /0, /L
— A Y 3.5 1 507 | 2. 75 -
aé A 73| 3931 4.0/
53 dI | Fcé | 4, 45 B
30 /. 6/ 2. 31| 2. 56
r 332 / Aé /. 82| 2,78
1 34 //2 | /47 | 2./6
: 3¢ c.5¢ | )08 /L EE
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;: KO .57 U 2.64 1 A48
| 42 0.40 ) p.50 | 0, 7€ B
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APPENDIX - B

EXPLANATION OF COMPUTER CALCULATIONS



CALCULATION NOTES

Subject  Computer Model of Storm By VRW
ﬂnoff Through Ponds-Backup Information Checked
Acc't
Date May 17 19 83
Sheet No. | of 10 Sheets

Assumptions

1.

The program assumes a 24 hour operation of the Coal Cleaning Plant including a
7.58 c¢fs discharge to the refuse ponds.

The 7.58 cfs plant effluent is discharging from the Upper and Lower Refuse Ponds
at the beginning of the storm.

The precipitation from the design storm is evenly distributed throughout the storm
duration. This assumption only applies to precipitation fall directly into the
pond.

There is no evaporation or seepage out of the refuse ponds.

There is no water going to the plant from the Clear Water Pond.

hese assumptions are very conservative. The calculations based on these assumptions
)11 develop the "worst case" evaluation of the design storm.

Explanation

The computer program is designed to model the flow of storm run off through the refuse
ponds at the Wellington Coal Cleaning Plant. The computations of the program is broken
down into steps as follows:

1.

Input the necessary data for calculating the inflows and outflows from the first
pond to be calculated.

Calculate pond inflows, pond discharges, increase in pond depth, etc.
The program allows the next lower pond to be calculated using the discharge from
the upper pond as an inflow. When this option is used any storm inflows are input.

The program adds the storm inflows to the next upper pond's discharges. Step 2
is repeated.

Repeat steps 2 and 3 as necessary.



CALCULATION NOTES

. Subject Computer Model of Storm By V. R. Watts
Runoff Through Ponds Checked MOA
' Acc't
"Back Up Information : - Date May 17 19 83
' Sheet No. 2 of Sheets

Program Input

- Symbol Definition

General

Pond area in acres.
Design storm magnitude in inches.
Design storm duration in hours.
Plant discharge in cfs.
. Storm data in cfs
i Number of hours per unit of storm data.

Hndg >

Discharge through Weir

Nw Number of overflow weirs.
Lw Weir length.
Ew Difference in elevation between the weir and the pond in feet.

. Discharge through a Horizontal Pipe

Inside pipe diameter.

Roughness factor.

Pipe slope as a ratio.

Number of overflow pipes

Difference in elevation between the overflow pipe and the
pond in feet

Bz 0no0o
f= e i o S =

Discharge through an Open End Vertical Pipe

Pipe diameter in feet.

Number of overflow pipes.

Elevation difference between the pond and the overflow
structure.

oz o
< da




CALCULATION NOTES

Subject Computer Model of Storm By V. R. Watts
’Runoff Through Ponds Checked MOA
Acc't
Back Up Information o - - Date ' May 17 1983
Sheet No. 3 of Sheets

Program Qutput

' Location on
Symbol Print Qut Description

Column 1 Time from beginning of storm
S Column 2 Storm data
Fq Column 3 Accumulation of inflows to pond
F, Column 4 Accumulated precipitation falling in pond
FT_ Column 5 Accumulated water in pond less discharges
H Column 6 Increase in pond water depth
P Column 7 Plant discharge
0 Column 8 Pond discharge through overflow structure
0 Column 9 Accumulated discharge from pond

@




CALCULATION NOTES
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) CALCULATION
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APPENDIX - C

WELLINGTON COAL PREPARATION PLANT
Wellington, Utah

HYDROLOGIC ANALYSIS OF DESIGN STORM
RUNOFF INTO THE REFUSE PONDS

RUNOFF AND UNIT HYDROGRAPH COMPUTATIONS
FOR A 100 YEAR 6 HOUR DESIGN STORM
AMC-IT

Runoff By Reach Area

M. 0. Anderson

May 1983



CALCULATION NOTES

A& Subject Data Sheet By M.0.A.

‘ro]ogic Analysis of Design Storms Checked

Runoff Into Upper and Lower Refuse Ponds Acc't _ .

Wellington Coal Preparation Plant Date April 11 19 83

Sheet No. A of 2 Sheets

GRAPHICAL LOCATION:

The Wellington Coal Preparation Plant is located in the center and south quarter of
Carbon County; in T.15S., R.11E. of the S.L.B&M. About 7 miles from Price, Utah the
Tocal weather reporting station- (see Exhibits 5, attached) .

HYDROLOGIC DATA:

The design storms computed are:

10 year 24 hour at 1.82 inches of rainfall.
25 year 24 hour at 2.18 inches of rainfall.
100 year 24 hour at 2.74 inches of rainfall.
100 year 6 hour at 1.91 inches of rainfall.

These values were obtained from Exhibit 5, attached, "Estimated Return Periods for
Short-Duration Precipitation in Utah." The values were also substantiated by the
‘iﬁtiona] Weather Service, River Forecast Center", Salt Lake City, Utah and the 100

r 6 hour storm from "Design of Small Dams", General Storm 6 Hour Duration fig. 17,
page 50, and Assumption A, (page 73), reduction, fig. 23, page 56 as follows: 6 Hour =
3.80" divide by 2.0 obtained from fig. 23. 3.80 + 2 = 1.90 inches.

The Hydrologic Soil classification and climate, Exhibit 6, were obtained from "Soil
| Survey - Carbon-Emery Area, Utah), from which Drawing C9-1283, was prepared.

The curve numbers (CN), AMC-II, used on "Storm Runoff Calculations" sheets were obtained
by U. $. Steel Mining Co., Inc. Engineering personnel, using data from the "Soil Survey"
book, aerial photographs, visual knowledge and the following tables from S.C.S.N.E.
Handbook, Hydrology, Section 4, attached.

: Table 9.1, Runoff Curve Numbers for Hydrologic Soil-Cover Complexes
: Table 9.6, Ground Cover Density in Percent, Juniper-Grass and Sage Grass.

(Note: larger replacement Table 9.6, from Design of Small Dams)

COMPUTATIONS AND FORMULAS:

Form sheets have been prepared to perform the necessary calculations presented herein.
T?ey contain necessary formulas to perform computations and are pretty much self ex-
planatory.




CALCULATION NOTES

Subject Data Sheet Con'td. By M.O0.A.
drologic Analysis Checked
Wellington Coal Cleaning Plant Acc't
Date April 11 19 83

Sheet No. B of 2 Sheets

STORM RUNOFF CALCULATIONS:

Runoff calculations are computed by both the weighted curve number (CN) and the weighted
Quantity (Q) of runoff. The largest value is used and tabulated at the bottom of the
sheet under the design storm.

Volume, Acre Feet = Q x Acres = 12 =
Volume, cubic feet = Acre feet x 43560 = (where shown)

UNIT HYDROGRAPH COMPUTATIONS:

The formulas for computing the unit Hydrographs are from the S.C.S., N.E. Handbook,
Hydrology, Section 4, and are included in brief in Exhibit 7.

Form sheets are:

b Time of concentration - Tc, Form
. Design storm, unit hydrograph calculations, page 1 of 2
3. Design storm, unit hydrograph calculations, page 2 of 2
4, Ordinates for unit hydrograph
5. Summation of ordinates of unit hydrographs. Ordinates of design storms
6. Other summation sheets of storm input for computer data

Other sources of information include:

"Design of Small Dams" Bureau of Reclamation.

"Engineering and Design Manual, Coal Refuse Disposal Facilities" MESA

Other personal text books and reference books. Some of this material will be
included in "Misc. Exhibit" attached.

Other backup source material will be included in the "Misc. Exhibit.




CALCULATION NOTES

Subject Upper Refuse Pond By MOA
ta Sheet Checked
Wellington Coal Cleaning Plant Acc't :
Date April 12 19 83

Sheet No. D-1 of 2 Sheets

DATA:

Reach 1 and 2 flow into Upper Refuse Pond.

AREAS:
Reach 1 = 604.224 acres
Reach 2 = 46.832 acres
Total 651.056 acres
Point 1 = 11.019 acres, (runoff into pond)

Upper Refuse Pond = 52.365 Acres

The pond is dry except for plant circulation water flowing through pond in a ditch. The
pond has not been used for over two years and a drag scraper is being used to excavate
refuse fines from the pond.

’.ant Circulation Water - 3400 gpm used to pump 1%" x 0 refuse from plant.

3400 x .002228 = 7.5752 cfs

Discharge Pipes through Upper Refuse Dam to Lower Refuse Pond.

4 each 10" dia. steel pipes with Weir arrangement.

Pipe length = 50 ft. Weir Crest L = 0.79 H= 5.0 ft.

Weir consists of the pipe wall being cut out. Pipe sleeves were used to regulate
the pond water level when in use.

|Present Condition:

EP]ant Flow = 7.5752 cfs + 4 pipes = 1.8938 cfs each.

'Weir crest for 1.894 cfs = 0.97 ft. Depth for plant flow = 0.97 ft ea.
di = 10.02" I.D. D = 0.8350 ft.
Pipe Capacity = Q = A J%%Eﬁika L = 50 ft. A = 0.5476 sq._ft.
n=0.013 kp = 0.0399
km= 1.0 r = .20875
kpL = 0.0399 x 50 = 1.995
]64.4H - (H-1) = 2.199 cfs x 4 = 8.794 cfs Total
Q = 0.5476 ¥3.995 (H-3) = 3.808 cfs x 4 = 15.232 cfs Total
) (H-5) = 4.916 cfs x 4 = 19.664 cfs Total
. (H-7.5) = 6.021 cfs x 4 = 24.084 cfs Total




CALCULATION NOTES

Subject Upper Refuse Pond By__MOA
ta Sheet Cont'd Checked
Wellington Coal Cleaning Plant Acc't
Date April 12 1983

Sheet No. p-2 of 2  Sheets

Future Condition:

Install two (2) 18" dia. steel discharge pipes through west end of dam. Pipes to have
Weir type over flow to control water level when pond is cleaned and reactivated.
See Exhibit - 1, "Typical Discharge and Primary Overflow".

2 ea. 18" dia steel pipes L = 1.4375 feet
A= 1.623 sq. ft.
di = 17.25 in. I.D. D = 1.4375 ft.
r = 0.3593 kp = 0.0193
n=0.013 kpL = .07193 x 60 = 1.158
km = 1.0

Plant Circulation = 7.5752 cfs = 2 = 3.7876 cfs ea. pipe
Weir Crest L = 1.4375' H=0.94 ft.

'e Exhibit - 2, Upper Refuse Pond - 2 each 18" dia. Weir over flow pipes and
txhibit - 3, Plan View - Weir Type Overflow Pipes

Storm Input into pond other than reach 1 and 2.

Runoff 10-24(1.81) 25-24(2.18) 100-24(2.74) 100-6(1.91)

Point 1 - sheet 23 0.804 1.078 1.530 0.871

Rainfall into Pond (52.365 s) 7.942 9.513 11.957 . 8.335
Total 8.746 10.591 13.487 9.206
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LSEN RESERVDIR

SOIL SURVEY - CARBON-EMERY AREA, UTAH (Book)

SOILS TABLE (Reference 1)

Soil Symbol Name Hyd-Group Classification

BeB Beebe A Loamy Fine Sand

CeE2 Castle Valley D Very Find Sandy Loam

Hn Hunting B Loam

KpC2 Killpack © Clay Loam or Loan

PCE2 Persayo (2) D Loam and Silty Clay

PdC2 Palisade B Very Fine Sandy Loam

PeB Penoyer B Loam

R1B Ravola B Loam

RuB2 Ravola (3) B Loam

Ry Rocky Land (4) c A Miscellaneous Land Type

8n Shaly C>lluvial (5) © A Mixture of Soil Material
Sn Shaly C>lluvial (6) D A Mixture of S$>il Material
References and N»yies:

(1) Above Table extracted from Table 3. "Estimated soil properties

(2)
(3)
(k)
(5)
(6)

significant o Engineering" Page 25-2{ Soil Survey - Carbon-Emery
Area Utah . .

Associated with the Chipeta soil series. '
Associated with the Bunderson soil series.

Use C soil because of proximity of C and B soils.

Use C so0il because of proximity of C and B soils.

Use D soll because of proximity of D soil

Hydrologic Soil Group = Color Code

Soil Type A

Soil Type B

Soil Type C &

Soil Type D

U.S. STEEL MINING COMPANY, INC.
WESTERN DISTRICT

WereNeToy Cort PreparATIon FLANT
Hyorotogic Sore MAar
DRAINAGE AREA To REFUSE PoN OS

DRAWN: APPROVED !

vtﬂ'” 4 "// '33

SCALE: / =2000| C9- /283




CALCULATION NOTES

Subject STORM RUNOFF CALCULATIONS By N0 .4
- 2/ e Ford Checked
’ WELLINGTON COAL PREPARATION PLANT Acc't
~lopy-  Merh 3, 1392
Climatic Condition = AMC- [ Sheet No. / of 23 Sheets
Map Scale 1" = 2a%0’ P =/ 22(10-24) P =2.2¢(wo- 24)
Acres Per Sq. Inch =5/.8273¢ P =2./8(25-24) P =49/(s00-4) P-0.29)%
AMC-2Z = o8
Table I Area- Acre Conversion and Weighted Curve Numbers
Fraction of Weighted Runoff
Area 5q. In. Acres Total Acres CN CN Calculation Data
Lo Bz () | s | #7290 | 0.782¢7 | 26| ¢33/ AMCEg‘l 74
Fe 8 (A | p2g 72.033 | p.03648 |#9 /079 0“8:2:,),?4” 2
Sa (2) |ogs | 47.322| 006839 |82 &/ 8%25.§4g= 4.%7s
/0. 24)= /0 2
S AV { 5,14 3 5. 45" ol )= 4. 622
So (o) |04 7 2,112 46 Jlea-e)
CN=x, 7
S= #.70
Q(10-24)= ©. /39
_ Q(25-24 fg-jgg
Totals COG, 224 /00202 s, 15y | QUi g Tl
Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres
AMC- AMC- IL
10-24 Storm § 25-24 Storm go-iag-Storm /oo- & Storm
CN S TWtd. Q Q Wtd. @ JcN | s Q Wtd. 0§ Wtd.
G| (b3 2 4|2 S5 A 2% 772 Jdaq) | £or2Z N 273/ ¥4
49 lyoa | L 2.20/ 1000 0,039 o)V 0.003 999
832 | g,20| 2532 (00306 [ p. 763 LOX3 1076 ool sr9 | coap
94 17,90 3. 20 |£069 0876 | 054 /0307 | .47 |0 582 o377
Totals 2.46S 0.923 |Totals /257 0.728
STORM RUNOFF COMPUTATIONS: AMC-1 AMC-
(Use Targest Q. VaTue from Tables 1 & 2) 10-24 25-24 _Jpo-2t _400-6
Quantity, inches runoff = . O ées O.223 1,357 2,728
. Volume, Acre-feet = Fi.45 4C.47 45’.32./ Jé .66
Cubic-feet =
Peak Discharge =
(l) CLur vt .b:/;;u’ /7{}4!/“ //Adll 2.



CALCULATION NOTES
Subject /f/W/T. A Y LPORIGRALH By _A1.724.
’. Time ¢l Lonccntra fren - T2 Checked
@“ EALH Z : Acc't
wWerEp —Lopy = Forg- 1982
AMe =TT Sheet No. 2 of 23 Sheets
T48LE 7z~ MLV 7c = Z 7T tiacrermenrs) -
| Fre. =2 I .
Contour |E78Y |lnckémanris ReasH
£ty ‘3’:‘5‘ LeavaTy -L-| CralE Vﬂ.eafx.,g Tt toars Pemarks
g "
| Sf20 | . _ : —
120 | 3600 | 03333 | [ 84 . 543 _
5700 I . o
/00 600 02,777 . 1. &P r* -
| Seco | . f_... - e H—
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g X U L S . ——e :i — _
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( | |
Qv | | _ t |
| 4ol 620 -1.0403 | /.Z2 f / 63 1L ]
375 | | " | ﬁ
)0 S50 Lo LAl 2083 }g‘___.t/fg L
_ < ! i
._:?74 4'“____‘___ _ U{ :'
— -
Totil | \/722e0 1 | 12420 27¢
' | | t i
- ! ; t
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|44 | i7200 | 02,553 16/ |\ 2.96% |ooud ke
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T B !
_ _ g _
f
e | | | )
Y
‘_....._.....A._ —_ F .. I U - - S S -4[. -




CALCULATIUN NUTES

subject Design Storms By MIA
&Lt Hydrograph Ca]culgtions Checked
ch / UPPER FCEF#5E FomP Acc't_
,Storm Duration= 2¢ Hours . Pf-22- 1923
ce. page 2 f Lot AL 3-11-2% Sheet No. <3 _of 23 Sheets
§DATA Page 1 of 2, Calculation Sheets

EDesign Storm, /& year, 24t hours, Precipitation= /. 82inches. .

| Drainage Area, A= 404 22-Acres, 0. 94 ] square Miles

gReach / , Hydraulic Length, /Z22gfeet.

;Time of Concentration, Taa= @ ¢  hours. (Computations page 2z ) 3-12-82 Ca /c)

'CN 4 Weignted Moisture Condition = AMC -ZZ

Quant1ty, Q = 1 inch for unit Hydrograph : : ” - . 2.78 @ =/ 5,5'7"
, Design Storm(s) Runoff = ( /& - 29-) = /.Jz"“ 4’*5’-666", (1o¢ 24) 4 v
(25 -24) = 2./8" 6=20.928"
;EQRMULAS: (References - NEH, Section 4, Hydro]ogy)
| (1) Tp = 0.5(D) + 0.6 (Tai) (Eq. 17-45) Tp=Time to peak hours.
‘, D =Storm Duration, Total
1(2) Tr = 1.67 Tp (pg. 16.6) TasTime of Concentration,
s of Reach Travel Time (Tt).
‘ ) Tb =Tp + Tr (pg. 16.6) Tr=Time of Recessfon, Triangular Hydro.
Tb=Time of Base, Triangular Hydrograph
) gp = 4?3/\ (Eq. 16.6) A =Area of Drainage Basin, Sq. Miles
:Vo]ume Under Unit Hydrograph 645.33=Rate of Discharge, 1 inch from

( ( ) 1 sq. mile in 1 hour.
- (5) V = 645.33 x A = cfs - hours pg. 16.10 ) _
! ZP = IJLJJ‘-{' /z;/ﬂ’br""/ {17_',:5’

i CALCULATIONS:

(;)7'}“0._)424-1‘-06:'(3’/’ ) |
/2 + /.20 % ZWJ-

’(2) Tr = /3502 X 1.67 = 23,5637 /jhe e 23,22 e

\@) 78 = /3.902 4232034 = 37.// $34 _fw sec 3
] ) ’ 444 & ,?44/_55_/ - 2. . o
@ gp - BELTLT - snies 4

CJ) J = 44533 K .944/ = 499 256 Cpa- pae . K L0526 7

. 1/65/‘7*/; SAppoms - Paih flowS.

g s0-24 O3 O Lest = Jrp= 2/ 258 Ho
se2q. Q2 0.9237 T FPE 30.338 G-
 se-2a Q315377 7 P dq. 603G,
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CALCULATION NOTES
~ Subject__Design Storms By__ M. 0.4 A
’n Hydrograph Calculations : Checked
';Reach / Usper Fefuse Fond Acc't | :
| Storm Duration = 2 # Hours 4 - 22~ 1987

—

Sheet No. £ of 23 Sheets
Page 2 of 2, Calculation Sheets

———————

Reference Chapter 16, Pages 16.7 and 16.8

-—— - .

FORMULAS :
L = 0.6 Tcz (Eq. 15.3, Page 15.6) L = Lag, is time from center of ex~
"~ cessive rainfall to peak rate of
Point of inflection, P.I. = 1.7 Tp runoff.
AD =0.2 Tp  (Pg. 16.8) Tcz= Time of concentration. Time from
AD _ end of excess rainfall to point
Tp = 5 + L (Eq. 16.7) ' of inflection of unit hydrograph.
Tee+ AD = 1.7 Tp (Eq. 16.10) AD = Duration of excessive rainfall,
Therefore Tc2z = 1.7 Tp-AD

Tp = Time to peak

%D +0.6 Tez=Tp (Eq. 16.11)

- _..' e e e e ———

AD = 0.133 Tez  (Eq. 16.12)
 CALCULATIONS: Tp= 183.902 fro.

|
ORI =IIX (3902 2 23,635 F
i AD =02 x /135392 7 2 . 7¥99-

| = s2.202 - 2720 s 508
2

Te2 = 23.6334 -2,7504 = 20 8853

TR 2—’-—?—‘34 + .6 X 20,453 = /13,872 Check

A0 = 0123 X 20.853 = 2.7273% (27244. /W(

e ————

405 2,75 ho 5Pz 1139 4o

D). 2 23,433 to
.. 7¢2 = 20.9538 M

| L = ¢2.5/ e

!
i dfﬂ’"llli”:’:
|
{



CALCULATION NOTES

S ﬂ///’f /9904"7”‘5?4 “iga ch -/-

24 Mowmr SAwrin QD;//J);/.-”

AMC T -

ro“Rp. LA BA.

Subject_ Unit Hydrograph By M. 2.8
?- DR PINA TES Fam UNIT /yDEGRAPH Checked
Reach / Lppsr /?g,d.éu Arnd Acc't
Storm Duration = 2 & Hours G2 19&2
Sheet No. £ of 23 Sheets
Table Computation of coordinates for unit hydrograph
1 2 3 4
Time Ratios Time Dizch.rse gat.".oa (Diecha.rges J
. 1x Tp ) table 16.1 col 3 xQp )
' (teble 16.1) (col /3.%02_ s e,
(t]‘f‘p) (hours) {a/qp) {cfs)
i .0 . 0 o 2. . |
.1 L 37_#_‘_ 030 77
.2 c e 228 . -100 229
.3 “Lz_ e -190 6.257_ .
i A T aE £ .310 V- .
Y 6.95 470 16AS
f .6 3, 3 .660 27,69 1
-7 _— 723 ‘820 e e £ mm '..4_"‘_'.!_’2‘:5..‘
.8 /AL .930 /Ny
e 092057 +990 L F2 59 |
.. 1.0 ‘ *_.4’3.;24__-._,. . 1.000 B2, 567 ~
1.1 L __AS 2T 990 F 2. S !
*.-. 1.2 _Lé, 68 930 30.57 . _ |
a3 13012 .860 2%.27 |
1.4 L4 46 .780 25 . 64 ]
1.5 20557 680  _2z.95 |
1.6 22 24 . 560 (. %/ f
B 1.7 23 .09 460 /5. 1 2. ;
1.8 Z 22 -390 208 %
1.9 2@t 330 SO EE
2.0 2730 280 .20
. 2.2 Y/ I _.20T £.20 1
— . 2.k AT U - Y .1b7 I - T S
L. .2.6 E7907 =S . SRR N N
28 2 2 A L077 2,53 .|
|30 7L 055 V2% 7N
3. Gid. 45 .0ko V2R /AR
L. 3.b 222 029 LT
3.6 T 08 .02l e5
Lo 3.8 £2.33 015 L FD 1
: k.0 A2/ .011 e
ks b2l . 005 YA - S )
5.0 59 .5/ 0 yo) |

5/,9/94/‘ i?d’/ﬂ..fd ﬁuu/” P;.S’/I-
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CALCULATION NOTES

. Subject Mz_gizmmzz{_dmaw By M. 0.4
_' Checked
‘ > ’*’%é Pond” Acc't )
| Srogm Dugarion: 2¢ HouRs 4—22-3923
| Desizu - Sheet No.__¢4 of 23 Sheets
1‘
T | CROINATES| L5 CAs C A5 CKhs
omk] 2F unrT !
1o /0 24— (0-29 | 285 -2¢ | (#9-<F
- 1" D445 D645 V0.923 | /. 537
0 J avEs p-20 | 0 EF

2.7/ o461 0-26
4-£7 2./0 |&.27
Lo | £.0¢6 D27

L0l L. 03 4.2

V4

2 /.30 /2
4 5.95 | 3.56
6

%

//.gi’ 7/.86_-
2025 /3. 45

/ol 2244 /8. 32 £ o) )
/2 52,00 | 2/.35
¢ V3286 | 2052 }

30,83 V20,07 Ll eoter

/
r__.g’ 2835 1 /8. 85
@ |2420 /023
22 W /o0 | /2.47
2E N g d2 | 747
| 76 W ZE8 Y
rZS’ 9./ =27
', RV WA 4. 74-
NN ERT
IHFE N 4.50 | 2-27
s V254 | 2.35
gr Vz2.90 |, .47
| 70 V2.2 /G %
I asi /b
r44— /. H 0. 93
4é ) /.05 D70
28 V 198 | £.572
SOV p.720 0. 47
Vo
S22y 054 | 0.36
,f4 g% | p.28

546 b o.33 D22

(st | 02> | 008

405, /53 \ 562 2431956 . F2¢
2. 432 | 4¢. 422177. 586

[

— e et e

e e e e e




CALCULATION NOTES

Subject STORM RUNOFF CALCULATIONS By__ 4. 0A4.
H . Betose Fond Checked
WELLINGTON COAL PREPARATION PLANT Acc't
22 ect S~ 3-3F-32 —Ceapy = ~Lopy — Meret 3, 1982-
Climatic Condition = AMC-/J Sheet No._// of 23 Sheets
Map Scale 1" = Zoro P=,82 (10-28) P =2.74(100-29)
Acres Per Sq. Inch =2/.2223¢ P =2./8 (25-28) P =4.9/(s04-6) P-0.25)2
AMC—_ZZ Q= +0:8
Table I Area- Acre Conversion and Weighted Curve Numbers
- Fraction of Weighted Runoff
Area 5q. In. Acres Total Acres | CN CN Calculation Data
. AMC-11
. ~q |49 3.36 $=2,%99
B2&E (A) | 2.8857 2. 2/ P 0635 F— Q(10.24)=2- 3£
(D) TR T8 IR IR 4
2 D ‘9:’)&5 ﬁu [ ,g’f_’)ﬁd 0‘4 =d' 35¢
e £2 Wvor&)=0.420
AMC-1
CN=
$=
Q(10-24)=
Q(25-24)=
. Totals 2.5/ 4é. 832 5999 77,06
Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres
AMC- AMC- -
10-24 Storm § 25-24 Storm po -2 4-5torm 790~ & Storm
CN S Q Wtd. 0 Wtd. Q ] CN S Q Wtd, Q Q td.
79264} €42\ 2. 37 vpaw | - 53/ Jooy | 523 Vo420 453
) / L S5 D08
b
Totals 0,394 0.593 |Totals , 542 rel
STORM RUNOFF COMPUTATIONS: AMC-TIT. AMC-IL
(Use largest Q. Value from Tables 1 & 2) 10-24 25-24 100-24 (00~ &
Quantity, inches runoff = . 0,889 0.593 0.942 O.943
’Volume, Acre-feet =
Cubic-feet =
Peak Discharge =



CALCULATION NOTES
Subject _/wer MY ORIGRALH By __ M. DA
‘ Checked
REACH 2, Hpper Lefonse Fond Acc't
—LoPy — 3 -H- 1982
Sz pﬁ. é o/ 2.4/~ 8 Sheet No._ /2 of 23 Sheets
TABLE . 7;;:&_4/ ‘ 7= £ 7T (acrameanrs) .
Elay. | Iuckesasrag Raace ) 74152 l ) -
c'z;;w a{;/ ry-L-| GrarE | VEioUT Y T tours | Remarks .
hﬂf&' 2 I Head E/ed
. 1 30 S/O | Mg 88 ¢e 2.9¢4 | 26
3500 e . __*;i;,_* > -
oy 23._5-3 o”‘?‘%éf_’r ___Z‘__ﬂb ﬂ" _(3/
| —_—
\ S&od ). e e :
/9.8 | &/0 302\ _[76 096 | _
528/ 2 ; el Prach 1
.2 | 8690 WX [ D2 . /63 _
5378 . o Pl 8. _
i G5O 40,285 | 0.53 . /83 |
i - Lot £ (Pond)
AR TevE ! ! g5 8 heur
To73d/ 206 ¢ RE20 2./7 2. 795 | uee &  howrs
. %
S |
j , i
'! !
R ks t b ._.4‘_- —_
| H -
0 1 a
| i | i
ll
b - — = W W—— - | ..-T—. -
T T T i i
_ ‘ g
IR S I ﬁ : — i
PR ——— e —— i
— — ..._.__ . ."'_ .-
I R | ]
,V!
H— - - ‘ |
e | T '
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CALCULATIUN NOTLS

Subject Design Storms By _M.LA

it Hydrograph Calculations Checked
; ach 2, 4&?4[ jgﬂg& Paaé Acc't_
it Storm Dur-at10n=-__ 2 ¢ Hours . 4~22_ 1923
| Refer Shechs S 26, Maredd 81,4982 Sheet No. /3 of 23 _ Sheets
EDATA: | , Page 1 of 2, Calculation Sheets

)
| Design Storm, /2 ~year, 24 hours, Precipitation= /&2 inches. -
. Drainage Area, A= 44,832 Acres, 0.0732- Square Miles

iReach 2. , Hydraulic length, g£#20 feet.

:rTime of Conce.ntration, Ta= 0,795 hours. (Computations page & )

'CN= 77 Weighted Moisture Condition = AMC -Z7

Quantity, Q = 1 inch for unit Hydrograph. . : caa) = 2.74" 920,542
Design Storm(s) Runoff = ( /2 -24 )= /.82 &= 0,394 (100 -24) ¢ 4

, 625‘ -24)7 2,18 Q7 0.593
. FORMULAS:  (References - NEH, Section 4, Hydrology)

| (1) Tp = 0.5(D) + 0.6 (Tc) (Eq. 17-45)  Tp=Time to peak hours.
5 ‘ D =Storm Duration, Total
v (2) Tr = 1.67 Tp (pg. 16.6) Ta=Time of Concentration,
s of Reach Travel Time (Tt).

.(3) Th = Tp + Tr (pg. 16.6) Tr=Time of Recession, Triangular Hydro.
' Tb=Time of Base, Triangular Hydrograph
- (4) gp = 4?:‘\ (Eq. 16.6) A =Area of Drai;\age Basin, Sq. Miles
:Vo\ume Under Unit Hydrograph ' """ §45.33=Rate of Discharge, 1 inch from

1 sq. mile in 1 hour.
(5) V.= 645.33 x A = cfs - hours (pg. 16.10)

i CALCULATIONS:

() TRz .Sx2H 0.6 X0, 785 =
/2 _/.. ﬂ,477 = /2.477

(s Tr

= (67 % /2,477 = 20.53659
‘(3) To = J2, 477 + 20.23659 = 37.3/359
{
@ 77 = #8F X 0732 X+ = 2.840 o

i (2477
i(-ﬂ V 2 64533x 0732 = 47,233 94-/‘46‘ x.09264 * 3.904 Ae. 7

»—-5;5/2 ﬂ“ 57’)/{7_43_: Pf;-:"é F/pm

jo-29-2 13 @: 0394 pz 1119 F-
< 25 -2¢ = 2..1% g = &.5'93. ?,o = /,454-Qo-
o024 32.74 G 0.942 Gr= 26755

A

e TR

ey NS

’
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CALCULATION NOTES

_ Subject. Design Storms ' By oyl .
q\it Hydrograph Calculations Checked | ok
i reach 2 | _ Acc't ' . 3_;

Storm Duration = _2¢ Hours £-221983" W’I

?

Sheet No. /4 of 22 Sheets
Page 2 of 2, Calculation Sheets

§
| Reference Chapter 16, Pages 16.7 and 16.8
] B

. FORMULAS : o
§{4) L = 0.6 Tcz (Eq. 15.3, Pa.ge 15.6) ' L = Lag, is time from center of ex-
; cessive rainfall to peak rate of
: 4) Point of inflection, P.I. = 1.7 Tp runoff.
;(z) OD=0.2 Tp  (Pg. 16.8) Tcz= Time of concentration. Time from
; " AD _ end of excess rainfall to point .
;'('5) Tp == + L (Eq. 16.7) ’ of inflection of unit hydrograph.
', Tee+ AD = 1.7 Tp (Eq. 16.10) AD = Duration of excessive rainfall.
(@) Therefore Tcz = 1.7 Tp-AD

) Tp = Time to peak

) 2L +0.6Tc

Tp (Eq. 16.11)

2 .
?(4) AD = 0.133 Tez  (Eq. 16.12)
. CALCULATIONS: Tp = /2,477 b
i’f)f?/. = 47 X 2477 = 20.2/09 He.

}a)ao: 0.2 X /2.4977 = 2,4 PEH He. AE_Q, /. 2477

@) Te2 = 202009 - 29954 ~ (8. TIE5E

t

(4) L = 0.6 X /!,7/55 = //‘ 2293

i(5) Tp= /02977 + [l22 9335 1R 477 LAk

5 s 0./33X )8.1158 = 2.459/

@ 40 /8 916 $2.495 ¢ gord chadk.

!

! Saprmirey
i ' 4032/50 A“-
|

= /.2 .
Bli24 20 da 3 S fora

61?/‘?'.72 ha -
® .-/ .2:4.



' ‘ ' CALCULATION NOTES
Subject - Unit Hydrograph By M2 A

’ = Checked
tReach Acc't
Storm Duration = Hours £ 22— 193
Sheet No._ /s~ of 23 Sheets
Table Computation of coordinates for unit hydrograph
f 1 2 3 ) :
Tise Ratios Tinme ) Di?chcrge lgatf’.os (Di:cgugeps \
‘ . ollx T table 16.1 co x )
. (table 16.,1) (e /g.dgﬁ 1oedipe’
TJ'I'p) {houra) {a/qp) Tors)
.0 0 _ 0 g
o a0 o L25 0% . Lo i
.2 T T z2.s50 .100 —  C.2T
.3 E 190 054
) 4 Rz .310 088 .
i .5 4. 2% 470 LIS
* .6 7.49 -850 [ 87
i 1 .73 .820 2.33
' .8 7.95 .930 2. 69 | _
{“__“ .9 )/, 23 .990 2.8/ i
! 1.0 /2. 49 1.000 2. 8%
o [(3.72 .990 2.8/
¢ .: /4.9 .930 Z. &
3 /&, 2 2 860 2, 44
T 1L £72.97 . 780 2.0 2 2u
1.5 /8.2/ .680 /. G3
1.6 /9. 96 . 560 B LT W A
) 1.7 2(.2( 460 le T/ l
1.8 2z . & + 390 (1L .|
1.9 23.7/ .330 -« S i
2.0 Z2E. G5 .280 ‘ 5:_0 ‘
2.2 272,45 .207 Y- .
r 2. T 29,22 . LY . 42
T 2.6 T332 .107 22
2.8 3 4.94 077 22
[ 3.0 27,43 .055 VMl
P 3.2 I9.95 ,0LO i
i 3.h 42.92- .029 25
3.6 44.92 .021 06 ;
i 3.8 4$7.4/ .015 04 |
L0 49. 95/ 011 (032 :
R Sé& L5 ,005 o/ ~
5.0 62,75 0 g .
P

SE&  Unir HYORIGRAPH - Repcy 2- Uppor Refhss Fomd= 3. 15A
24 fpoar T Form jﬂ/‘iﬁh
o ANC-A - 10 RO LNTT
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CALCULATJON NOTES

. subject_{/ayr MY 2RISRAPH Ariarsis By M. O A
' g A, | & Checked

o Z _Hppes Fufrnse F%0d Acc't |
Srogsr Dugarion: 2% tHours £-22- 1955

Sheet No. /4 of 2.3 Sheets

i

Tite |\ OrowATES| L L I Chs CHs CFSs

NCREM) 05 LaX .
o 24 285-2% /0-2¢ | 25-24 | lo0-29

g M T F42 1 4. 593 0349 | 0.593 l0.942 .

por | ooz Y o.03 L
r.o) D0/ Ny
0.0/ p.a/ -0 2
o.8/ p.0/ (2-0/
Q0. 002 2.2/ o2/
0 001 4.083 |&-905
2 Vi g

0 o 3 %,
2 .2/ |0.07 | o0 /2
¢ 5. 6/ 0.2/ 4,36
6 \ res g+ d.74

2 V206 |0 721 (.22

o §} 2.5 (p. 92 | /.57

je- ) 2. 83 0.99 V| /. 6%

)-8 2,772 1p. 27 /. &4
16 V247 | 0.87 |/ 47

_/é 2.4/ | 024 | /- 25
Z /.52 .55 | 494

22 bV ,. /¢ O. %4/ 0.20

24 Voo |p 3r | 0.23

26 Y n. U/ 025 | 0. 42

24 | ¢545 | 0./8 | 05 2

30 p.42. | 2.05 | 0.25

W22 Vp 3z 4.0/ Or /D

"_.id 0,25 V.02 |05
Jé ) 2.12 g-07 1p.¢/

I8 VD45 | d-05" 10.09

40 \ g1t 1 0.04 007

42 \ 0. 07 00 1d.0%

Vegl p.0i5 0.0 |p. o+

£V 0955 \s.02 10.03

3\ pres (0-02 l0.03

3.3, 565 '

/. 48628 012 | 44,493
) 362 2. 325 3. 477

i+ - el b - _— e r—

————_—




CALCULATION NOTES

B R

. Subject m-r_ﬂmmﬂdw:m By _/MY.0.4
7W Checked o
(o 1F2-  Ugppar Fefast Frd Acc't
M 4 - 285 —1987  §
. Sheet No._Z / of 232 Sheets
AT ey
; rwm/£_24_ 252 4
[ﬂ"" 1" /0 -2 2524 | /09-2¢ 1}
) , Y p)) Ar?52 |p.223 2.345
2 l 27 | /.78 0./ | #e | 2ze
4 4./7 | 585 2.07 410 2.42
A g.29 /) L3 .08 o4 o/
3 /4.17 1,9 57 Q.02 0.92 . | 0.05
/o /9 20 |22.08 2 0 J
/2 22.34 F?‘/ ,3 ! . _
/9 22.52 |3/ .97 |53 72~ 4206371590, 355 19%2.929
/ls 22 44 |72 85 344 | #8.72872| £/.0¢63
tZ (9,59 |27 42
1 /6,78 | 23. 46
7. /2.08 | ,2.28
29 5. 7% /3.67 e
i 2 .20 \/0:59
t28 1 6. /8 3.
.rr_ja—" 2.99 | 4.23.
(T2 2.9 547
i[34 3.08 |« 30
. 76 2.42 | 3.38 |5
22 (72 | 2. 68 [P AE
L 40 (52 L 2. 02 | #c2 4
2 [. /¥ )/ & | 2.
| 44 0.95 7.2 I TR
| 44 J.722 | /- 29 B S
| £8- 0.4/ | 2. .54 _
g‘rs‘i 2. 4% ] ¢. &2 )
| SZ 0.3) .5/ .
".____.______ 0,29 Lo.20 I S
gé.. 023 0.3 _
ﬂ 483 o, 26 oy
— _ I T A




CALCULATION NOTES

Subject STORM RUNOFF CALCULATIONS By A7 2
7 - < Z. 20d Checked
WELLINGTON COAL PREPARATION PLANT Acc't
19
Climatic Condition = AMC-J Sheet No. 23 of 23 Sheets
Map Scale 1" =2#¢0## P = 722-(10-24) P =223 s00-24)
Acres Per Sq. Inch =7/ £2234 P =2./2 (25-24) P =)9/(¢07=¢) 2
_ P-0.25)
AMC- I  poss
Table 1 Area- Acre Conversion and Weighted Curve Numbers
Fraction of Weighted Runoff
Area 59. In. Acres Total Acres | CN CN Calculation Data
<n (D) O. 12 o /o lovoed 29 52 AM'C_(-:p]Tl 25
= /124
Q(10.24)=2. 876
Q(25.24)= /. /74
Q(zo-248)= ¢, ¢¢é
W s00-6)= 0,992
AMC-1
CN= 76
S=J./6
Q(10-24)=
- : Q(25- 243=
. Totals /.09 g{;’;:,:’“*
Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres _
AMC- AMC- -
10-24 Storm _§ 25-24 Storm Storm - Storm
CN S q Wtd. Q Q Wtd. @ JCN | S Q Wtd. Q Q Wid. Q0
§9 |L24
b
Totals f Totals
STORM RUNOFF COMPUTATIONS: AMC-IT AMC-
(Use largest Q. Value from Tables 1 & 2) 10-24 25-24 100 -24 | jpo- &
.Quantity. inches runoff = . 0.324 1./7¢%  Jeeés | O.9249
T Volume, Acre-feet = 11,013 Ae. 0,504 1007 (580 1 p, 87/
Cubic-feet = 35089.10] 40, ‘7!5'3-7f)ééé39.23 77959, /&
Peak—DPischarge =



CALCULATION NOTES

Subject Lower Refuse Pond By MOA
Da%a Sheet Checked
Wellington Coal Cleaning Plant Acc't |
Date April 12 19 83

Sheet No. D-1 of ] Sheets

DATA:

Reach A and B flow into the Lower Refuse Pond

AREAS }

Reach - A = 212.121 acres Point 2 = 15.611 acres
Reach - B = 133.150 acres Point 3 = 26.171 acres
Totals 345.271 acres 471,782 acres

Lower Refuse Pond = 59.867 acres

This pond was taken out of service March 30, 1983, except for plant circulation water
presently flowing through pond in a ditch. To increase dam height is purpose of this
study.

Plant Circulation Water = 7.5752 cfs

Discharge Pipe through Lower Refuse Dam - Present

One (1) 18" dia. pipe with weir type control arrangement
Crest L = 1.00 ft, o e

Future Discharge Pipes

Three 18" dia. pipes with weir type water level control, will be installed to control
the water level in the proposed new dam and to by pass the storm runoff into the pond
from Reaches A & B and from discharge of Upper Refuse Pond. See Schematic Dwg.s Ex-
hibit-1, Typical Discharge and Primary Overflow, Exhibit-3, Plan View-Weir Type
Overflow Pipe, and Exhibit-4, Lower Refuse Dam Enlargement.

Plant circulation through 3 pipes = 7.5752 # 3 = 2.5251 cfs.
' Depth of flow over weir to carry flow = 0.70 ft.

Storm Input into Pond Other Than Reach Inflow:

Runof? 10-24(1.82") 25-24(2.18") 100-24(2.74") 100-6(1.91")
Point 2, ac ft. T.14% T.531 7 165 T.238
Point 3, ac ft. 1.082 1.577 2. 440 1.202
Rainfall into pond (59.867 ac) 9.080 10.876 13.670 9.529

@ motar | 11.306 13.984 18.275 11.969



CALCULATION NOTES

Subject STORM RUNOFF CALCULATIONS BY MO Andsrsoss
FuNT ~2. _RunoFr _inre Lowik ReFusE Ponp Checked
WELLINGTON COAL PREPARATION PLANT Acc't
Z- /2-1945
- Climatic Condition = AMC- Sheet No. 2 of Sheets
Map Scale 1" = 2000’ P = /22(10-24) P =2.7%(/0024)
Acres Per Sq. Inch = P=2,2(25-28) P =1.9/(s00-¢) P-0.25)2
AMC- o E3:)
AMe -EZ
Table I Area- Acre Conversion and Weighted Curve Numbers
Fraction of Weighted Runoff
Area 5q. In. Acres Total Acres CN CN Calculation Data
D Sn-D- | 2.7 15 LN L0o §9 AMC(-;;]ql ‘o
§= /24
Q(10=24)= 2. 279
Q(25-24)= /. /77
Qloz-22)= 7. ¢
Q(reo-¢ )= r.25%
AMC-1
CN= 75
S: 3./4
Q§10-24;= ﬂ-j_ig
Q(25-24)= ¢- -
@ Totals 59 | S ey
Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres
AMC- AMC-
10-24 Storm § 25-24 Storm Storm Storm
CN S Q Wtd. Q Q Wtd. Q ]cN S Q Wtd. Q Q Wtd. Q
¥3 ()24
b
Totals Totals
STORM RUNOFF COMPUTATIONS: AMC-IL [ AMC-Z.
(Use largest §. VaTue from Tables 1 & 2) 10-24 25-24 ‘ (00 -2 G\ _too~6
Quantity, inches runoff = 0. 279 [777 [ 444 2.952
.\lolume, Acre-feet = Py ¥3 /e 53/ l 2. 165 ). 238
Cubic-feet = 468982 39295 4| 55 547, 5
. 49841,/ :
Peak Discharge (' f5 = Moderate cn 50 240
/9. o 723.0 : '




CALCULATION NOTES
Subject STORM RUNOFF CALCULATIONS By A0 4
/ - £2 NTe £ EHSE Fond, Checked
._NELLINGTON COAL PREPARATION PLANT Acc't
4 - /2- 1347
Climatic Condition = AMC- Sheet No. .3 of Sheets
Map Scale 1" = 2020’ P =¢422(10-24) P =224 100-24)
Acres Per Sq. Inch = P=2./2 (25-28) P =1.9(/00-4) 2
_ P-0.25)
AMC- ¢ poEs
Table I Area- Acre Conversion and Weighted Curve Numbers i
Fraction of Weighted Runoff
Area 5q. In. Acres Total Acres § CN N Calculation Data
Sn-C- | 0035 | 32/¢ /228/ 78| 770 Ahic._c.,}ll ./
Ry-c- |07 /6,070 L brded {2/ | 4. 7_3 <o 2.54
0.0 | s.587 | (236 S22/ FE | 0(10.24)= g gs
S~ €~ ' Q(25-28)= 4. 723
Qlo0-29)= /. /72
Q(roe- &)= p. £50
AMC-1
T"CN= ¢ #
S= Al
Q(10-24)= 2. 277
%(25-24)-_‘- 2 ":;”
e Totals _ |r.z8s |26./71/ IR W A 1
Table -2 Weighted Quantity of Runoff = Q x Fraction of Total Acres
AMC- AMC - —
10-24 _ Storm J 25-24 Storm foo-27-Storm 720 -4 Storm_
CN S Qg |Wtd. 0 Qz..5 {Wtd. Q@ | CN S Q2741 Wtd. q Q/9 [WEtd. @
79 |2.cc | 420 05| Le30 | 077 lo0t | 123 | oar0 | . 055
gt 234 45| .34 | 723 | .444 1117 | 637 | p 550 |. 338
G2 |2.20 ,53% | ./40 « 768 | 202 /i /7& | L3095 l.555% | /TS
b
Totals 0. 49 0.723 | Totals 7.7/ 0. 557
STORM RUNOFF COMPUTATIONS: AMC-TYT AMC-7Z
{Use Targest Q. Value from Tables 1 & 2) ’ 10-24 25-28 sp0-24- \ _Jpo -6
Quantity, inches runoff = J. 49¢ 0,723 /.03 2.55/
’Vo]ume, Acre-feet = 1.682 1.8577 2,440 lo202.
Cubic-feet = F2/20.4 | ,8485.5 | 106305, 8| 2 3¢5 4
Peak Discharge (%4/ = Moderits o4 10
/0.6 /.0 2Z2.z



CALCULATION NOTES

| Lom J/;:e. oN

g x . 74792 +

Subject STORM RUNOFF CALCULATIONS By -yl
REACH 4 Lowey Rafrotr Bpodr - Checked
WELLINGTON COAL PREPARATION PLANT : Acc't
£ — (3-1983
Climatic Condition = AMC- Sheet No. # of Sheets
Map Scale 1" = 24079’ P =422 (10-24) P 222¢(100-24) ,
Acres Per Sq. Inch =3/ 32765 P =2./5 (25-24) P =4# (100- 4 ) P-0,25)%
AMC- = &y
Z P+0.8S
Table I Area- Acre Conversion and Weighted Curve Numbers _
Fraction of Weighted Runoff
Area 5q. In. Acres Total Acres | CN CN Calculation Data
Sn -L- 2. /7 /5 et % Ly 359 g2 6. 035 AM_C%%_; 72
Su - ¢ 0. 23 7396 | o343 |78 | 2.736 5= 205
Sn -0 p. 45 | 59,6887 | 29737 e | 236301 g0 04). pEva
54 =& 2 i 70,72/ |, 09742 |72 3. Fo5” 8%/%’37-33‘;: ;.i;;
/?y -l £.235 | 2/. §7% . 10173 76 7. ;:z.f (100~ )= 5. ¢34
p s 2L 2, 227 AMC-1
Le£2-p | /045 | 977967 girea |07 I TN 47
S=4.For
Q(10-24)= 2. /éé_
Q(25-24)= 7.2
. Totals 2.8/0_| 2/ 2. /22 5797 §4r0=28)% 0. #E 2~
22 X,/ 2/2/%

Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres
AMC- AMC-T1 _
10-24 Storm § 25-24 Storm /00 -24 Storm /99-6 Storm
CN S Q22 Wtd. Q2.2 [ Wtd. @ JCN S Qz.7+] Wtd. Q Q .9/ ! Wtd. g
g7 |2.20 532 T L7658 . 073 l.1726 e 527 o2/
79 li.66 1 420 Waa-2 . 630 022 /. 2O/ o35 L0 Ol
g4 109 ) 62 | g | 892 | . .50 7327 | 97/ | g2 |.507
76 |3/ . 328 | ;33 L5902 | o5 524 86 | 265 |07
b
Totals 2,573 ' 2.8/7 Totals /e 23 G~ .63/
STORM RUNOFF COMPUTATIONS: AMC-TL AMC-Z_
(Use Targest Q. VaTue from Tables 1 & 2) 10-24 25-28 | /00-24 ) 4o -6
.Quantity, inches runoff = 0.575 0. 820 /.239 O -e3%
Volume, Acre-feet = 10,/ 6% /4,455 |22.85¢ |/, 207
Cubic-feet = #42,750.9 | 63/,900.01994,£09.5\4 35 ,/80.0
Peak Discharge 5/5, = Llafk. o2 - 55 37.8 '
Ilat '



CALCULATION NOTES

Subject STORM RUNOFF CALCULATIONS By W24
REACH A& Checked
QELLINGTON COAL PREPARATION PLANT Acc't
£-13- 1947
Climatic Condition = AMC- Sheet No. 5 of Sheets
Map Scale 1" = P=r82 gw 24; P =Zr#(c00-27)
Acres Per Sq. Inch = P=2/,5 (25-24) P =1.9/(100-¢) P-0.25 2
AMC- Q= WO‘B?l
Table I Area- Acre Conversion and Weighted Curve Numbers
Fraction of Weighted Runoff
Area Sq. In. Acres Total Acres CN CN Calculation Data J
. ) . 4 77 , AMC-11
Ky 4 &.467 b /.5 29~ 6207 35, 6 = 79
Sa 0 |o.09 g.26¢- | 06207 22| 567 S= z.64
. 03948 ) . Q(10.24)=s.920
S D 0. 05 €.53/ ‘ 7 5 7a Q(25.24)=p.630
Afcz -8 2.2/ /9. 284 L FFES PR R Q(/ﬂa-l")- ool
ce £~ D L. A 76. 73/ ., 2753 -1 23, ANC-
? Oy a p L, 75 = & 2—
St & 123 2.7 02067 e / Cg— 613
Q(10-24)= 0. 052
Q(25- 242 2. /25’
‘ Totals 1,450 | /33,450 79.319 | AL i4908 _
" 34 ~. 3/034-

Table 2 Weighted Quantity of Runoff = Q x Fraction of Total Acres

AMC- AMC- —
10-24 Storm § 25-24 Storm /os~-24 Storm o~ e Storm

CN | s Qurz]Wtd. Q Qzse[Wtd. Q JoN | s Qz2¢]Wtd. Q| Q757 TWed q_
77 (299 ) 355 .64 .47 . 253 _ .E54| . 4/3 .4o0 | . 135
2. 12,204 ,832 | . 033 | ,76% | .098 /176,073 | <38 |. 039
s |90 02/ | ./153 .876 | . z72 /,jw 406 | . po2 | .22
75 1333 ) 297 'Mj- 473 1069 RN V- I ' 049
26 (163 | 1/F | 10/ 987 |, 020 1441 | 030 75/ |, 98
Totals 0.448 2.642 |Totals /.037 499
STORM RUNOFF COMPUTATIONS: AMC-IT AMC- T

{Use largest Q. Value from Tables 1 & 2) 10-24 25-24 | fp0-24- % 700 ~ &

0. 498 0-662 | /,037 | p499

olume, Acre-feet 4,97/ 7.345 1546 | 52527
Cubic-feet 216, 533,9 \3/9967. 4 50/2/7.9 | 24/ 183. 2

Peak Discharge 5/5_ = Maderite cw80 3/.5 /. o |

£Tle27 iz

. Quantity, inches runoff
v

7%.0 |
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Sheet No. é of Sheets
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CALCULATION NOTES
" subject Dessgay STaRMS By__ M0.4

: ) YONS Checked
. /?Edéi‘ ' _ Acc't *
S7oam Duararien = 24 Hours £-/8 — 1983 !
' Sheet No._ 7 of Sheets |
Laza’

Drainage Aree, A= 212122 Arzs, 33/F  Spuars Hlifes.
Kench. A Hopdraalic £eaghh, 6800 PPy
R . / ; .

Trme. a/ Conc entrdtron, 16. = 0.952 hours. Computotions Fage & )
BN AY VA SN d/njdl‘sd Mosstura CondiFiarn= AMC -7
? 4#30?‘139, @’ /! theh Ker vn,t //ye/fd}/dﬁ'/ﬁ- _ .,
.pé'.f{éﬂ Skorm(s) Koun ‘/)‘;: ( 70 = .24) s ) F2 /snehes §*0.5 75"
\ ‘ (25'.- 2_4-*) = 2./% ’ 4;4,?20

5

5

i ,Dd'd’/',n Srorm, 0  yedr , 2 F powrs, Precipifatione /.88 1ncdes,
t

's

]

(/00 -2%) = 2.74 - Q= 1.239"

q;‘ fornuwlds’ ((g/gr‘oua es » NEH, 5:474}/; 4, /'//drp/pf{)

W 7p »e5(0) +0é(72) (5. /7°45)  Tp? Time sv pask  hewrs.
’. #. 17.8¢ D= Storm Durd fron, 7o tal
. _ 7e 2 Tima of Concentration,
(@ ip- 2 484 A4 Csee Jata dbeve)

| 77

A 2 4/'4’ 5; MI./AJ
'! . CHF. .33 7 Vil rate #o //J"‘Jrjg. S
\ Volume  under unit /‘/,/rﬂ//d'/é
E(.?) V= ‘4\5'33 X A = f/{{-J:urg

ihih from Las :7.434 ™. ha
(Py- /6.19) 1 paa howr

Cavcat A770/48 ,

[ 695 2XZU% 2 2/256ap,
/ - 08 0.6x, 922 - '

( TP = IeX 24 + B A2 rpde 2 /. 194 1
/2 1 25192 B (2.5 22 hours

Tr= (67 Tp = 2/.024 Aemro

L —

Te>7p# Tr = (2.599 + 24.029 > 33.40F Ao’

» (2) s AFFx L x !
@/

= /2.7#/ /7(4/
/72.529 *

i .pt—'o'/én S ring FEF _ﬂ/fﬁ/fﬂ/" -

P 10-24 P =0.575 X /2.7%) = 7326 yl

'-' 2r-29 p s p 820 x = 0.448 .
: . y - 1 7R Sl




CALCULATION NOTES

i Subject_Dzs/io i Sramms Cont By A.l.A4.
- RLEAcH A Checked
 TTokM DuRATIeN = 2& Hrs Acc't

2-2p2-19€3

Sheet No. & of Sheets

— s

Peterence ¢ hapter /4, Pages (.78 168

Formutss ;
[J’j:— 0.6 7 ¢ Cf; 15,3, pags /5',‘)

Posnt a//};//dcﬂ;o/ Pl.= /.7 7p
40 = 0.2 7p (Page 76.8)
/e t8D= 1775 (£g t6.10,% 16.8)

AL 4 . 6o72= Tp (£3. 16.4/, B. 14.8)
A0 = 0.433 Tc  (Eyq 1612 Py 14.8)

CRLZCULATIONS !

7p = 92+ 1L (67 16.7)

i

Tp = 12.5892 Howa/-
RI.2 07 X /2.5892 = 2/. 90/é% /neo.

QD = 0.2 X 12.5882. = 2.5/ 784 /uo.

S 7T s /.77;?"40 2 2/ 40164 — 251782 = /)8 3238 /e
ap | '
2 1T0e7. =27, 73 245_:_2’_22‘4+,4x/5.55.;5:/2.5592.
2.9

AD = I35 X12.8838 = 2.5 /15 (2.5/75¢ At &GS b

457:_ 0 67Tec = ,LXx /5.895%9 = /3893 fng

"AD = 2.517%4 '_4’__2, )25 292 = 126
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CALCULATION NOTES

Subject_ /w7 HYDROSRAPH BY M. 2.A
Ack A Checked
24 AJ_&Q erm Dysd ﬁen Acc't
F- /8-1983
‘ Sheet No. ¢ of Sheets
Tadle Computation of coordinates for wnit hydrogyraph
1 2 3 ‘.
Time Ratica Time Discharge Ratlos Discharges !
' (table 16.1) (el 1 x 77 ) (tadble 16.1) (col 3 x &p.) .
1 12,539 /2. 724/ .
i ( g/'rp) (hours) (a/ qu cfs} ;
0 2 0 i
11 /c Zé .030 /’-3? '
.2 2.2 .100 /, 27 :
.3 2.73 +190 < 22 ;
b 24 . 310 2. 55 '
o> b. 29 470 .92 ;
N-) 2 T . 660 2.4 X
.1 <, 5/ .820 /7 G T )
.8 /.27 .930 /). 2
.9 /.33 +990 l2. 2/ ,
1.0 l2 .53 1.000 TS X
l.1 /2 .55 «990 /2. &/ 2
‘ 1.2 7 .930 Sy
- 1.3 /4 .37 .860 0, 94
r 1.h (2. 62 .780 5. i
i 1. /8.58 689 i &
i A6 20, /¢ _.S60 7., /=
r 1.1 2/.49 .40 Y-
Z 1.8 22. g4 . 390 “s 27
; 1.9 23.5 2 L350 #, 27
2.0 ot . 260 T T6
2.2 27.72 . 207 2 b
2.b 0.2/ LANT i i
2.6 22.73 207 /. Zé
2.8 25 .25 077 7. 22
3.0 27.77 055 L. 70
3.2 40.24 .OLO 0. </ ‘
3. b 22.20 .029 2.37
3.6 45,32 .021 0,27
| 3.8 27,24 .015 a. /2
- k.o S0 .26 011 Tz
k.5 .65 . 005 2,06
5.0 & 2. x5 0 )

- _.. e m—————

.

See  UmiF Hydrogrép# "Rezch-A- Lower Hefnse Fond fy 94,

248 Apar Srosmr Durd From
Amcd - Lo” Ro. ¢V §3.
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CALCULATION NOTES

. subject gwir LV DRIERAEH A s BY_M.0.4
 SumM AT ot Drdimates Checked
acH A Acc't ’
| Spey Daridrion= 24 Hour £-20-1983
’ Sheet No. /2 of Sheets
'
C5F | esF CSF |Time |E5F csF | CSF
pra‘/hﬂ‘é Irrcrement| Qrcdwm ife )
WWrs \ poit \ 0-24-1 25-29 | /4924 | _Hdait 2524 | /00 - 24
\R> | 1 o5t A 82 /.23 i 42 |2 /2~
0 Vi 4, 45/ l.ad | 437
0.25 | /¥ . 3) (33 /.03 |/ 65
155 | 4Z 1.03 (.17 94 |/ a4
) ed , 94~ 2.03 /. L3 AE /27
] 2,65 T2 2.224 £ 74 1 N A
3. 92 2, 25" 4£.54 £.78 S R i s
e, 469 2 é8 By . IF-
YRR L. 2 7, 7P W 2, 9 oz
9,20 29 /1, 4O 0133 43 i b
! 10,70 | 613 42.26 J. 47 39 | .o
| /1. 92 4.20 /2 6% 4.4/ G oy
2.9 | 7./8 A LA L. l6 FO | . *L
2,72 7.3/ (526 LT e __'_;3_5".-#__'40
(2, 22. | 7.9/ (S. Db P 2F | L6
sz, 54 | 7.2/ (S S8 Py , 2 Ry
// 22 | 4. 35 72 19 | 2z
Y. .45 L. ey
044 | b0 0. 18 5 7 ¢
GGl | S 2 4l /3 <9
S 52 | 4-79 VT O (¢ A/ £ 2
727 | 4./2 | £.92 2,13 A A
c2l 1 3.57 ./ 47 _ | /%
srg | 343 2,40 ) 0:-00L | 08 | /2
4.77 | 2.7# 0,45 07 Ry
448 | 2.39 0.07 06 99
¢ 3.5 12,49 D4 25 e7
“12& ) 2.2 /. 26 2.3 .44 .06
2.3] 1 /8.0 2:04 93 | .es
2.52 .45 2.02 b2 | .49
2.2/ /.27 D.02 ol .02
/.52 . 2.0 9/ Y-¥i
20004 2¢4. 03




CALCULATION NOTES

L T e iy

- subject DExssN STaRMS | By_A4.0.4
‘_;@;&mmwml/ﬁls Checked >
S EAH & Acc't_
t .
| S7ogM DuxdT 10N = 24 Motrs £or9- 1982
L Sheet No. 45~ of Sheets
LPazs:

Design Storm, 1o Y87, 24 Mewrs, PrecipFatione /82 1ncdas,
_Dr;,‘m,jé Ared, As 133/50Rcres | 0.2050 Spadre Mofes

,  Hemed B Hydpdulic £eaghh, 4520 Sezt .

f Tome a-/ Concentrapiors, 7c. =2 0,59 heurs. (6"/"/9#7974006'/73," )
AV VA S 4~ /i/ﬁ}lkd Mersture CondiFoan= AMC =1L

| &dﬂﬂf/i}, &2 [ 1neh for vn F Hydrogriph .
 Desrgn Storm(y) Ransff s (10 -24)2 /527
| (25 -24)= 248 )
: (100 -24) = 2.74

|

Lormulds! (#z2f srrouces NEH, Sechon 4, /‘//a’rd /p;f)

:‘_(I) 77 »0.5(0) +aé(7¢) (£5. /7-45)  Tpr Tinc ro pesk hours.
‘ % 1189 D= Starm Daratron, 7ete/

v 7c = Tima 47£ Concentratons,
' 7

' Jolume wnder waf /&Jro/f#yé

ﬁ = 14/4 6'; /”I}“
ERAT. 33 2 hé rate Fo /’J“‘a’f‘;uﬂ. Ky

/”"Ad f;ﬁ’m f"" —9’“‘""‘-’— Iibly‘

‘}(3) V—'—' 445“5’3 X A = 4"55‘#1#/3’ (P’. /‘.l‘) /1:0 -y /i,g,-

i 5)»15‘("47./’/‘/‘,: gtcx,&/ R DN /”é‘lu{;/v-/;ls"
(/) _7; = LI X 24" + ro X ":lyd = 3’)’ o 5:-/:._‘.'_ s @:ﬂ’fh‘mj

: 2 . = * . S 4 _ -

| /2 A+ 345 /2. 395 ars Rin-s3y % 448, 77> 3. 453
; 7= [J.67 7; = /67X = z2p0.384% /71"'5‘

Dpc-2a)=. bo2, P> = 392

32.738 Hrs- 45(/;:0-;4):/,03),?7 = §.457

W

}
:I Te = 7p + 7r
i

> 8./'55 %
12.345 :

.@ Y > EF5.33 X 20% * /34.2285% -//r.s‘.
‘: X, 29264 2 11.093 A.Z

? )
) 7}?: 454 X 208X/



CALCULATION NOTES

i

i a8 e

Subject DPES/IGHN m CONT. By _/M.0.4
Y : Checked
; /o= 2% Hours Acc't
- F-2( 1983
! Sheet No. /6 of Sheets

|
| 20
|
|
t

v e e ————— ...

_ﬁig,&rd»c G. J}Iﬁ/ir /‘1 P"‘; 772740

_)_c_";qrmq/aﬂ
Lag =06 7c (/."", /5.3, Fage 15.6)
But o Inflacthin , B} = 1.7 Tp (py 1415103
40=0.27p (7. 16.8)
o= 4841 (gg sy iolr Tre 8P
Te 14D 217 7p  (£5.16.40) Tiuefore Te= /-77p-4D
ap |

== toeTe = Tp (4’7 1. 11)
4> =033 7z (£g 1442

éd/é'?z/ﬂag : 7“9 = /2. 345 Hrs.

= 177 172 12,345 = 20.986S fru
AD= 02Tp =2 02X /2,845 = 2.462 ha o2l
L= 7p-42 = 12,395 = 2262 = 1 4105 fu

R
I

i

7¢2 /77 ~d0 % 20,9265 - 2,456 = /8.5775 jira
a0 L2298
= A . - 2.
el T /- %ém’ - b X 18,6778 3 /2.348 e, /'//'4‘4

\l

D= /33T 2 J3zx 8.5/08 = 2.9628  dud

4
L= 0.6 72' = 4K /5.5/75 2 M IOF  Jiw M

I R

4Dz 2.474a 40 /z.a.r,{.,
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_, | CALCULATION NOTES
” Subject_ [V T Ay €0 EXLEY By_A/2H4

Ao B Checked
SroRy Durary = 24 Agars Acc't

L -/~ 1953

_ Sheet No. /7 of Sheets
.Computation of coordinates for unit hydrograph .

T Tabie

.- f RO 2 3 §

Time Ratios Time Discharge Ratios Discharges

(table 16.1) (cot 1 x 7P ) (table 16.1) (col 3 x Z»~ )
i L R 5L A
(/1) (hours) (a/qp) (cfs)

R * I Z .9 .
IS S L= __... 030 -

P _ .00
T . -.3 o -.; , S0 o 0190
Ty T L e ' .310
ST T () 2
" .6 e L6690 < 7
S A ' __.820 -
e R .930 ey
7 L .990 3

P , 1.000 g./6
O T J/ . . 990 B TP
e 930 - 7as
T B} 860 R
S .780 RN 7
.680 S5
.560 H. 52

L i . 390 VS S
.330 LoD '

! T’
|
r—*‘!--i'-'t-

{

TN TR N S

. % % e

O BOWE N O T2 W rw;r.;'[w'o=\o=

-
LD .280 2. 2%
» L .207 LS
2 e ANT L L
2.6 Lo w307 e
2.8 ., .- o o717 £. 63 ¥
o B} ¢ il o Ll

Lt

B A N -2
U S — DY S—
i, e .021 2y S
._'_;’:_.EL""? 3 e -01—-5 Lo J' /2'___.

YT T T ey .5 .

r
\J’
!
P

-

oW o ® o=

LAY 8 TN

See Unit /ya/rofra/»} ‘Reach -8~ Lo ww-—/?e/:«a FBnd Py. 774.
@ | AET ~ 1.0 RO W79

l
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CALCULATION NOTES

. Subject_/mr [VORIGRAPH Avacrsss By .24

' 2 Checked
Weacy B ' Acc't

: 2 £2-2/- 1983
i Sheet No. /g of Sheets
7RSS LS (As CFE Crs CFs | (Fs
NCREM.S D o1 4 74
l‘“"@-m [O~24~ | 25 24 vl (0-24 | 25 -2 | 100 -2
WEoZ t dir 0.448 | /. 662, 0.998 | 2. 662 | 1.927 i
/ /b .07 Wi 45~ 66 |t 0%
2 g6 | .25 | .37 .37 | =% i
3 (28 | .47 7/ 8% S/ 89
A | /.73 23 ). /5 30 45 >/
STl 2. 85850 | 1. 1F -y 27 . P 52
9. 6% | /o2t 2.4/ g Fed LG
; #.59 VIR AN R ;2 27 , |
d 6. 0 2.7/ . |\ 4.00 e L e e
2 1437 |8 /2 |4 6/ . 6 P = A
o | 7.3 g .42 | & o5 s, - A 2/ L e
;‘7 gp7 | 5-&8 | <./ £, 28 WA /P 25
;2 2,4 |2 | 29 2. igs o/ 4 -
2 7./3 RNt W = sa05 | 0 el 1.2
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CALCULATION NOTES

. Subject (/[ ﬁ;g{m‘gm pb Hualys's By /MOA
‘ 7 ‘nalé ¢, 575//;15‘ Checked
ackh H+R Y frove STorms Acc't
4 -2c 1953
{Zw»wer /(P.)(u.se /‘gaa/s Sheet No. of Sheets
V 7ime Locremrenr /Ly RIFE% 70C g
boves a4 | PO\
i % 0 0 0
A 473 [05 L6/
4 .30 | 3.32 1 5,07
A 479 | €.854 | /0,46
1 8.00 | 1/.54 | 17 &L
/0 10X | /4. 7% | A4 55
/P /0. 96 | y5. 83 | A4.2¢C
/4 .76 | 15,54 | A3 77
/& 959 13.54 2/ 2]
/8 17 |\ /N/.78 | /8.0
‘ R0 6.7% | §.86 | /3. 48
A AR 459 | £.621/0,. /2
LY 3.5 507 1 2. 75"
A6 .73 393|640/
A5 /| 306 | 4,45
L 3c /. 6/ A. 34| 3. 56
] 32 AW ErSEN.;
3¢ [/2 ) )4 L R
3£ g.56 | Lo8 | L &€
; 35 0.65 | 081 | L2257
., HO Q.51 | 0.4 5. 48
} 42 0,40 | p.50 | 0, 7€
- 44 0.30| 0.38 | p.59
‘ 4¢ 0.4 0. 30 | 0.4
45 020 | .25 1 0.38
SO 0./5 | ©0./9 | ©.29
- 52 2./ 0,76 10,235
| 54 0.09 ) 0.4/ | 0./7
. s¢ 0.06 | 008 10,/3
I’ 5§ .04 | 0.0 | .08
| 6o 031 0.03] p.05
; 62 Ool |\ p.0l |o.0f




CALCULATION NOTES

Subject Clear Water Pond By MOA
Qata and Calculations: Checked
Wellington Coal Cleaning Plant Acc't
Date May 12 19 83

Sheet No. 1 of 1 Sheets

DATA:

There are no Reaches flowing into this pond. The surface runoff is so small it will
be negligible. Ignoring any surface runoff, except reaches, into this pond or any
pond will have little effect. Plant circulation of 7.5752 cfs is included with no
time break. However, the plant operates only 5 days per week maximum and only 8 hours
per day. When the plant operates 4000 gpm is pumped from the Clear Water Pond. This
draw down is not being considered. We have been over conservative in the storm inflow
handling capabilities for all 24 hour storms and the 6 hour storms.

AREA

Clear Water Pond = 12.287 acres

Discharge Pipe - (Overflow)

A 36" concrete horizontal discharge pipe, at 1.0% slope extends through the dam at
feet from dam crest to flow line of pipe. It changes to a 24" dia. conc. pipe down

w Tace of 2:1 slope of dam to a ditch, outby the toe of the dam, to the Price River.

Plant Circulation

During Plant operation 4000 gpm water is pumped to the plant from the clear water pond
of which 3400 gpm is recirculated to the pond with 1% x 0 refuse. This circulation
stops when plant is idle.

Rainfall into Pond = 12.287 acres x rainfall 2 12 = Ac. ft.

Design Storms 10-24(1.82") 25-24(2.18") 100-24(2.74") 100-6(1.91")
Acre-feet 1.863 - 2.232 2.806 1.956




CALCULATION NOTES

Subject_ peymanent Diversion By
.Wellinqton Coal Cleaning Plant Checked
Upper Refuse Pond Acc't
19
Notes on Calculations Sheet No. of Sheets

The proposed permanent diversion will divert runoff from undisturbed
areas in reaches 1 and 2 to the Siaperas ditch. The flow will then
coarse through a culvert under the County road and on to the Price
River. The following calculations demonstrate that the proposed div-
ersion structure and the Siaperas ditch will handle the flow from the
design storm (100 year 24 hour).

Reaches 3 thru 7 flow into the Siaperas ditch in addition to reaches

1 and 2 which will be diverted (refer to Map C9-1283). Peak flows
were determined similar to the calculations for reaches 1 and 2., It
was assumed for design purposes that all of the peak flows occurred
simultaneously.

The existing culvert under the County road is too small to pass the
flow from the design storm. The culvert is in poor condition and
requires replacement. The County proposes to install a new culvert

- approximately 7 feet high by 10 feet wide at its base. The following
calculations demonstrate that this culvert is adequate to pass the
‘ design flow.

B

Tt




CALCULATION NOTES

Subject_ FsdK FLoun) CAicuidTioNS By_M.2. 4.
A /% 2, g -q, S S8, b, 8 7 Checked
' A Ve Acc't
; 77 Jam.fy Koride g - 25.19LF
!(/Q’C, ey C‘? /253) Sheet No. / of Sheets
;‘_ — Mﬂ'ﬂa/ 2 Honr /00 o & Iornr
i Jnchco 24 HAur Srole b Meur o Ao rm D 15
E feach | P2 |75 thurs | it M'fk o | turs |P2EE oA
i / /357 | 13.90 | 32.869 | 24,403 | 7.738 | 2. 50 | 5577754 | 6735
2 0.9%2 | /24% | 2.820 | 2,425 L. 443 | 5. 48 |/0./89 | 4.514
3 (234 1/2.97 | /2.433 | 14.972 0440 | 3.97 | 39.634 i5.59/
4 Y280 ligss | .25 | 153 0. 667 | 5715 | 255785 10, 222
Sa  |fage |/3./9 [2,45% | (5443 038 | £./7 |39:/28 | 24.947
b 0.24¢ (,3.25 4.55 7 ;.ij[F. 275 4.95" |/2.895 | 4.35
L £:922 143. 56 V/p.26/ |i15806 [0 F60 4.5¢6 WG 372 272.25/
7 (096 /2.7 S0072 | 8776 |g.585y [ F.79 |27.82/ | /£.557
7otal c£s 102.59%) 195, 437 |18/, 3%

T 7

—

1
S ——————af

T




CALCULATION NOTES

( i
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CALCULATION NOTES

Subject Dy vl sion Dircs By_ Mo 4
: ' Checked
Acc't
?L . g-2-1922
77 s fazer 3 Sheet No. 2 of Sheets
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Subject_ I/ ERsion D i7zu

!_4;;04/ Ljfeh - 5= .008
: Lewer " - 82 0028

A= 75 ok & (548 ks

e

—

Manoing ‘a Formula.

CALCULATION NOTES

By 4. 2.4.

Checked

Acc't

' G- 2- 19923
Sheet No. 2 of Sheets

Manuing's forauls is one of the
most widely mccepted and commocl

used of the opea chanrel formula

1.486 273 ,i/2

M= 025 0225002 vV =
52 208 &.r02" 5 2 /& o
v = mean velocity of flow in ft. per se
r = hydraulic radtus io ft.
s = slope of the energy gradient.
p = coefficient of roughnese.see 2764
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CALCULATION NOTES
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CALCULATION NOTES
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‘ TABLE 5.L4-1.

VALUES OF ROUGHNESS COEFFICIENT, ©

Values of n Refer-
| Type of Conduit and Description Min. Des Lgn Max ences
Pipe

Cast-iron, coated 0.010 { C.012 - 0.01k ] 0.C1b 1
Cast-iron, uncoated 0.C11 [ 2.013 - 0.015{ Q.01% 1
Wrought iron, galvanized 0.013 1 0.015 - 0.017 | 0.017 1
Wrought iron, black 0.012 0.015 1
Steel, riveted and spiral 0.013 {0.015 - 0.017 0.017 1
Corrugated 0.02 0.02% 0.0255 2
Wood stave 0.010 1 C.012 - 0.013 0.01h 1
Neat cement surface 0.010 0.01% 1
Concrete 6.010 | 0.012 - 0.017]0.017 | 1,6
Vitrified sewer plpe 0.010 [ 0.013 - 0.0151 0.017 1
Clay, common drainage tile 0.01110.012 - 0.01k1 0.017 1
Lined Channels ‘
Metal, smooth semicircular 0.011 0.015 1,5
Metal, corrugated 0.0228 0.0k 0.0244 2
Wood, planed 0.010 0.C12 0.015 3,9
wood, unplaned 0.011 0.013 0.015 1,5
Neat cement-lined 0.010 0.013 1,5
Concrete 0.012 |0.01k - 0.016] €.018 1,5
Cement rubble 0.017 0.03%Q 1,5
Vegetated, small channels, shallow depths
Bermuda grass; long - 13", greeo 0.04k2 L
. Long - 13", dormant 0.035 0.28 %
Short - 3", green 0.03h 3
Short - 3", dormant 0.034 .3
fericea Lespedeza; long -16", green 0.076 0.2¢ | %
Long - 16", dormant 0.050 3
Short - 2", green 0.0%3 | ' 2 )
Short - 2", dormant 0.0% T_ 3
. Unlined Channels 7
Earth; straight and uniform 0.017¢ 0.0225 G.Rs 1
Dredged . 0.025 0.0R275 0.03% 1
Winding and sluggieh I 0.0225 0.02% 0.030 1
‘J Stony bed, weeds on bank _ 0.025 0.0% L0.08C T Y
. Earth bottom, rubble sides o 0.028 10.0%0 - 0.033 10.035 | 1
(_ Type of Conduit and Descriptiocn MinYalue;egfgz TR iigz:']
"Uulined Channels-Continued
| Rock cuts; smocth and uniform 0.0:5 | 9,073 | 0.03% L
' Jagged and frregular 5. 035 C.045 ]
1Natural Streams
! (1) Clean, straight banks, full stage, no rifts.or
deep vuols 0.0¢9 2.333 1,4
‘ D) Same as (1) but more weeds and stones 0.03%0 J.040 1,4
% 73) Winding, some pools and shoals, clean 0.0233 9. 045 1,4
, {iY Seme as '5), lower stages, more ineffective slopes !
; ard sectiona _ Dok 2.825 1,%
: fl.i&ﬂug_%,_ some_veeds and stones 0.055 - Joons [ 1,8
W) Same as . 4), atony sections J. b5 .000 1,4
. b "Sluggish reaches, rather weedy, very deep pools T 0080 | 0. 08C 1,4
l '8) Very weedy reaches 13,079 2.1V 1,4




CALCULATION NOTES

Subject_S/pesras Lr7e By M-
. Perd Lo  100-38 3 (/7.9 -pew 20 4fs Checked
’” o 100 - & = 8/ B 4/4 Acc't
L‘in 7 tlt - (rass _&.;z‘/d;n: Lrasm 72;,90 Hap | J -3 = 1989
‘ ' of 4~ Sheets

’ Sheet No. /

wesaing's Forouls.

-~ -

Manniong's foroula 1s one of the
most widely accepted and commoply

used of the open channel formules:

v = lh% rz/;; ..\/2
n

Bean veioclt.y of flovw in fi. per sac.

VvV =
r » hydraulic radius 1o ft.
A s = slope of the energy gradieat.
L__.__‘.L._...,..J\/t p = coefflicient of roughneas. see 274
_Trapezoid . * .
‘L—
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APPENDIX - D

WELLINGTON COAL PREPARATION PLANT
Wellington, Utah

REFUSE PONDS

EXHIBITS AND SUPPORTING DATA
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RETURN PERIOCD

RETURN PERIOD

- ug

ESTIMATED RETURN PERIODS FOR SHORT DURATION PRECIPITATION

(inches)
Station: Price Elevation: h680
Latitude: 39° 37' Longitude: 110° 50
DURATION

5 10 15 30 1 2 3 6 12 24

Min Min Min Min Hr Hr Hr Hr Hr Hr
1 .08 13 17 .23 .29 .37 .44 62 .78 .95
2 Jd2 .18 .23 .32 .40 .49 .58 .80 1,00 1.20
’g 5 J6 .25 .32 .44 56 .68 .79 1.07 1.32 1.58
ég 10 20 0 .31 .39 .54 .68 .81 94 1.25 1,53 1.82
25 24 .37 .47 65 .82 .98 1.13 1.50 1.83 2.18
50 .28 .43 .54 75 .95 1.12 1.29 1.71 2.08 2.47
100 .31 49 .62 .85 1.08 1.27 1.45 1,91 2,32 2.74

Station: Promontory Point (Saline)Elevation: 4230
Latitude: 47° 13! Longitude: 112° 29
DURATION

5 10 15 30 1 2 3 3 12 2.

Min Min Min Min Hr Hr  Hr  Hr Hr  Hr
1 Jd6 .24 .31 .43 54 57 .60 .68 ,75 .82
2 J8 .27 .35 .48 61 .67 .72 .85 .97 1.09
'g 5 .21 .32 .40 .56 71 .80 .89 1.11 1.31 1.51
Sfl 10| .22 .34 .43 .60 .76 .88 .99 1.28 1,53 1.80
25 .26 ,40 ,50 .70 .88 1.03 1.17 1.53 1.85 2.18
35 27 .42 .53 .73 .93 1.11 1.28 1.71 2.09 2.49
160 .29 .45 .57 .79 1.00 1.21 1.41 1.90 2.34 2.80
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24
onds, mainly with rainbow trout. The lack

ings and of underground water of good quality re-
icts the construction and development of farm ponds.
Most fishponds in existence are fed by irrigation water.

SOIL BURVEY

of good

grain size, plasticity, and reaction. Also important, how-

ever, are depth to the water table, to bedrock, or to

hardpan; content of salt and alkali; and topography.
The information in this soil survey can be used by

engineers to—

Engineering Properties and Behavior of Soils * 1. Make studies of soil and land use that will aid
. . C v . in selecting and developing sites for industries

Some soil properties are of special interest to engineers businesses. residences. and recreation ’
because they affect the construction, maintenance, and 9. Obtain estimates of the amount of runoff and
ger_for‘manc«_a of roads, airports, pipelines, building foun- the erosion characteristics of the soils, for use
ations, facilities for water storage, erosion-control struc- in designing drainage structures and in planning
tures, drainage systems, and sewage disposal systems. dams and other structures for use in conserving
Soil properties that are most important to the engineer soil and water. ) =
are permeability to water, shear strength, compaction 8. Make reconnaissance surveys of soil and site con-

characteristics, soil drainage, shrink-swell characteristics,

SWrriaM J. Moreax. (deceased), engineer, Soil Conservation

Service. assisted in preparing this section.

ditions that will aid in selecting locations for
highways and airports and in planning detailed
so1l surveys for the intended locations.

\ ) . ‘
/ TaBLE 3. —Estimated soil propertiss

’
[Badland (Ba), Gullied land (Gu), Mixed alluvial land (Mx), Riverwash (Rv), Rock land (Ry), S‘huly colluvial land (Sn), and Stony alluvisl
land (Ry), the depth to o seasonal water table ix moara
l
I Depth Classification
Depth to Depth | from _ —
Soil series and map symbols "seasonal to bed- | surface |
water rock | (typical . N .
table t profile) | USDA toxture Unified AARITO
i |
4 ‘ !
i Inches Inches Inches | ~ '
Abbott (Ab, As)__ ..o 6-40 60+ 0-60 | Silty clay and silty clay * CL AT
: ; t | loam.
: : ' i
Beebe (BbB, BeB, BeC2Z, BfA) ____ e .. % 724 604 0-71 | Loamy fine sand_______ ©8M A-4
- l
i i
Billing= (BIB, BICZ, BsB, BtB, BuB2) . e mman._ (1 601 0-72 ‘! Bilew elay loam.. _.o.. . CL A-6
(For properties of the Bunderson zoil in mapping i
unit BuB2, refer to the Bunderson series.) | ‘
. | I !
Bunderson. (Mapped only in complexes with the Bill- 724 80+ 0-72 ) Loam.___......____._. ! CL A-1
ings and Ravola soils.) ! ) | ‘ i
i ) !
Cache (Ca) oo e 20-40 i 60+| 0-60 ! Silty elay oo ______. | CL A-T
‘ t
Castle Valley (CeE2) ... mmaaooa. 72-}-; 10-20 0-~-10 1 Very fine sandy loam. ...} ML A-~4
! 10 i Sandstone. '
Cedar Mountain (CmF2) oo oo 724 10-20 | 0-11  Shaly silty clay, clay \IL-CL  A-G
! ' loam, and silt loam, |
; 14 | Shale. :
Chipeta (CBF2, CPB, CPE2Y _ __ ... ... __ T2+ 10-20 017 l Rilty clay loam.. __._.. CL A-6oor
(For properties of the Persayvo soils in mapping 17 : Shale. -7
units CPB and CPE2, refer to the Persayo series. i :
Badland in mapping unit CBF2 is too variable ' : H
10 rate. | ’ i
Ferron: ‘ ‘
Q0 P 6-36 60+| 0-60 | Loam and very fine P MIL-CL : A-4
sandy loam. :
(Fey _ . ____ - —- 6386 . _______ | 0-60 | Silty clay loarn and silt | CL " A-6
! loam. '
Green River rGr). . oo 2040 60— 0-45 Stmtified loar spd vey  CL-ML A1
’ l ' {  fine sandy loam., | ;
45-60 | Finesand_.__._.______ b aM L A-2

.%e footnotes at end of table,




CARBON-EMERY AREA, UTAH

Locate probable sources of sand and gravel for
use in structures and as a base for both flexible
and rigid pavements,
Correlate pavement performance with kinds of
soil, and thus develop information that will be
useful in designing and maintaining pavements.
Determine the suitability of soil mapping units
for cross-country movement of vehicles and con-
struction equipment.
7. Sug lement the information obtained from other

pu Eshed maps and reports and from aerial
photographs.
Become aware of hazards or of useful properties
of soils to be used for highways and earth con-
struction where definite laboratory data are not
available.

v

significant to engineering | [

25

With the soil map for identification, the engineering
m ions reported here can be useful for many pur-
poses. It should be emphasized, however, that they may
not eliminate the need for sampling and testing at the
gite of specific engineering works that involve heavy loads
or where the excavations are deeper than the depth of
layers here reported. Even in these situations, however,
the soil map 1s useful for planning more detailed field
investigations and for suggesting the kinds of problems
that may be expected.

Much of the information in this subsection is in tables
3, 4, and 5. In table 3 properties of soils that are im-
portant to engineering are estimated. Table 4 indicates
the suitability of soils for various engineering uses. Table
5 gives test data for soils of several soil types that are
extensive in the survey area.

land (St) are omitted from thid table, becauke their properties generally are too variable to estimate. Yor Badland (Ba) and Rock
than 72 inches and bedrock is af or.near the surface]

Percentage passing sieve— Per- \ I
centage Available ; I Shrink- Hydro-
larger Permea- water Reaction Salinity , Dispersion | swell logic

No. 4 No. 10 No. 200 than 3 bility capacity (paste) | potential group-

(4.7 (1.0 (0.074 inches l ings

mm.) mm.) _ mm.) |

Inches per Incher per inch \[
! hour of aoil depih pH :
100 100 90-95 o_..-a.. 0. 05-0. 2 0.19 7.1-7. 9 Slight to Low to Moderate._j D
) ! . strong. ! moder-
' ate.
100 100 1 3545 -oonaae 5. 0-10. 0 0. 06-0. 10 7.9-9.7 | None to i None..._... Low..__.... A
i ' moderate.
100 100 ¢ 8595 ___..-.-- 0.05-0. 2 0 17-0. 2 7.6-8.6 | Slight to ; Mboderate.__| Moderate...{ C
: moderafe.
100 100 70-90 ... ® ; 0.13-0.15 8 5-10.0 ' Moderate to | High._.____ Low. ... D
; T i ; ! high. 1
100 ¢ 100 90-100 ........ © 0.05-0.2 | 0.15-0.17  7.9-8.5 | Very strong-__] High- ... Moderate...| D
95-100 ' 85-100 30-60 © 5-10  2.5-3.0  0.13-0.15  7.5-8.0 | None...._... | Low. oo .. Low. ... D
100 | 95-100 85-90 5-10 0. 05-0. 2 0.12-0. 14 80-8.3 |, None_._...__ \‘ _\Ioder’ate.--‘* Moderate...| D
| ' . !
i ! :
100 100  Qu-97 _._.__.__ 0. 05-0. 2 0. 15-0. 17 7.4-85.0 Modurute to .\I()('lc"ra'cci‘.,_‘E Moderate. ! D
. ‘ ; . strong. ‘ j
| ! | !
o | | |
100 - 100 | 80-90 .. ... i\ 0.82.5 | 0.17-0.19  7.7-8.5  Slight to L LOW e e ane LOWaeooan. B
i , ' ' { strong. i
100 100 90-95 .. ! .2-0.8 ' @.17-0.19' 7.7-8 5 | Moderate..._.i Moderate_.| Moderate...| B
! ! 1 1
A .
100 . 100 . 70-50 ________ . 0.5235 01790.1% 7.552 XNooew low ___ ... Low ___.. _ ‘B
1 i ) : shight. ;
l 100' 100 | 1520 | __.__.. ! 2550 | 008011 7.88.2 INone to | Low..._. None. . - B
H ' ' i ! slight. .
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. TaBLE 3.—Fstimated soil propertie<
| . T
! l Depth Classification I
iDepth to} Depth | from :
Soil series and map symbols aeasonal | to bed- | surface ‘ !
water rock | (typical [ ‘
table profile) USDA texture Uni.ﬁedi AASHO |
L | |
. ! | l
f Inches ' Incher Incher : :
Harding (Ha)_ _ . .o i : 72+ 60+ 0~10 | Clay loam_ . ____....____ CL bA-B g
; { 10-20 | Clay. . ... CL PA-T :
L 20-52 Clay loam and loam._ _ ___’3 CL L A6 '
Hunting (Hn, Hs, Hu) oo o ... .. __. 20-40 60+  0-60 | Loam._.______._._._...._ oL A4 }
Kenilworth (KeE2) o oo ... S 22— 60~ 0-34 ! Stony sandy loam. ... _. SM t A2 or
‘ A4
Killpack {(KIB, KIC2, KmB, KpB, KpC2). ... ______ ¥ 20-40 . 0-23 . q.’f.v loam or loam__._.__. ML-CL: A-4
23-29 - Shaly silty clay loam.. .. . CL A-6

24 - Shale.

Libbings (Lb, Ls) .. oo .. 10-30 20-40 0-34  Bilty elay loam, clay, CL A-6
and silty elay.

34 : Fhale.

Minchey (MeB, MIB. MsB MsC2)________ ... _.___. T 60+ 0-32 Clavloam.______.._..... L A-b6
(For properties of the Sanpete soils in mapping 32-64  Gravely sanuedy loam_ MOG=GC A-d wpnd
units MsB and MsC2, refer to the =anpete i Al
series, ) ‘
Palisade (PaB, PdB, PdC2) . oo oo *) 60+ 0-41 @ Very finc sandy loam. ... ML-CL  A~4
. ; #1-60 - Very fine sandy loam. _. BN A1
H i i
.eno_vor: : : : '
(PeB, PeC2, PhD, PnA, PsB, PsC2, PvB2)..______ T2 60— 0-60  Loam_____....______._. CL At
(PrA, PoB ). e wemmemee el o 0=14 ) Bty elay loam-o .o __. ... - CL A-d
1460 : Loaw_________._.... ... CL-ML A-4
Persayo (PCE2) . oo v oo 72 620 ' 0-12  Loam and silty eluv CCL 0 A4
(For properties of the Chipeta soil in this mapping . loam.
unit, refer to Chipeta series.) 12 Shale.
Rafael (Ra)oo. - e ©6-30 60+, 0-70 Silry clay loam and - CL A4
: L loam.
! : .
Ravola (RIB, RIB2, RIC2, RnD, RsA, RsB, RtB, RuB2). 2+ 60-“-‘ 0-60 * Loam___oo.o. o ..______i MI~CL A-4
(For properties of the Bunderson soil in mapping { i
unit RuB2, refer to the Bunderson zeries.) ! ‘ !
Saltair (Sa, SbY . u oL el 660 60+  0-60 Sty clay loam and silc CL A-d
: i loam.
Sanpete (SIB, SID2, SmD2)_ . ... T2+ 60+ 0~14 | Gravelly sandy clay ML-CL A-4
(For properties of the Minchey soil in mapping unit Y loum,
SmOD2, refer to the Minchey series.) :
i 14=30 ' Very cobbly sandy clay  3)M A4
5 |  loam.
Woodrow (Wo ). . T2+ 60+! 0-60 } Silty elay loam. CL ‘ A-1

. !In the Billings and Killpack soils, the seasonal water table is at a depth of more than 72 inches, except that it is between 36 and 60
mche:s in mapping unit BsB and between 20 and 40 inches in mapping unit KmB_
* Less than 0.03 inch per hour in surface layer; 0.5 to 2.5 incm= per bour pesow a depth of 10 to 20 inches.
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. significant 1o engineering—Continued

!

Percentage passing sieve— Per- |
centage Available 8hrink- ; Hydro-
larger Permea- water Reaction Salinity Dispersion swell logic
No. 4 No. 10 | No. 200| than 3 bility capacity (paste) potentia]l | group-
(4.7 (1.0 (0.074 | inches ‘ ings
mm.) mm.) mm.) ,
Inches per Irches per inch ‘
hour of 40il depth P . |
95-100 | 95-100 | 75-85 . ... .... 0.05-0.8% ! 0.19-0.21 8.1-8.7 | Moderate_._.. | High ______ Moderate__.! C
95-100 | 95-100 | 75-83 |........ ® 0. 16-0. 18 8.1-8.7 | Moderateto | High_._.__. Moderate...! C
! strong. '
7580 65~73 70-80 ). _...... f0.82.5 0.16-0.18 8.3-8.7 Moderate to High__...._ Moderate...! C
! strong. '
100 100 | 70-80 ___.__.. 0.8-2.5 0.17-0.19 7.8-8.3 Slight to Low_ .. ..._ Moderate.._' B
' l strong. ‘
| 5075 ' 45-70 | 25-40 | 20-50 k Q.8-2.5 ' 0.10-0.12| 7.7-8.5 | Nonme........ Low_. ..... Low._ ... B
‘ ! R \\ |
100 | 100 | 70-80 |___._ A 0-0.5 0.19-0.21 7.7-8.0 Sligh(dto Moderate...| Moderate... C
; ] . moderate. !
i 80-95 ’ 70-90 63-85 | r.-._- 0.2-0.8 0.19-0.20 7.7-8.0 Slight to Moderate._.| Moderate.... C
Z ! v moderate. ;
s 100 ;) 80-93 | 90~100 |_._._ ... 0. 05-0. 2 0. 16-0. 15 8. 2-8.9 | Very strong.._! Moderate. __ Moderate_._' D
! | |
‘ I
!. 95-100 | 95-100 | &0-73 | __._._. 0.8-2. 5 0. 19-0. 21 7.9-8.3 None.._...._ Low. _..... Moderate...: B
[ 55-83 ! 50-80 3040 L) 1. 25-5. 0 0. 06~0. 09 7.9-8.3 Nope. .. _.__ i Low__..... [
| i ; :
|
85-95 80-90 3060 |iaou-a.- 0.5-2.5 0.17-0. 19 7.5-8.0 None_._..... Low___.__.. Low. . __.... i B
. 85-95 | 80-90 3543 0 2.5-3.0 0. 07-0. 10 7.5-8.0 Nope. - ... Tow._ ... _ low___._._ | B
@ | |
100 100} 70-80 |.____.___ 0.8-2. 5 0.17-0. 19 7.7-8.2 None_. ...... Low....__| Low___.._. B
100 100 ] 9095 | ___.... 0.2-0.8 0. 19-0. 21 7.7-8.2 | Nome. . ___.__. Low_ .. ... Moderate...t B
| 100 100 | 70-80 . ___.___ 08235 0.17-0. 19 7.6-8.2 Slight..._._.. Low.___.__. Wom e ‘B
] : !
80-85 70-80 | 63-73 ... _.--_-- 0.8-2.5 0.17-0. 19 7.5-8.0 Slight to Moderate...| Moderate...| D
; strong. |
i
| 100 | 95-100 | 75-85 |.__._.-.._. 0. 05~0. 2 0.17-0. 19 7.7-8.6 | Moderate to Moderate._. Mnderate---‘ D
: atrong.
100 100 | 75-85 |....---- 0.8-2.5 0.17-0.19 7.7-8. 0 None to Yow___.___. Low___..__. ! B
moderate. i
100 100 © 83-95 [.______ 0.050.2 | 0.16-0.18 | 8.3-8.9 | Very strong.__! High _.___._!| Moderate...' D
' t
| '
99-100 , 90-100 | 50-60 | 10-20 | 2.5-5.0 | 0.10-0.13 | 7.9-8.5 | Nome........ Low. ... Low.... . | A
’ 70-80 ‘ 65-75 40-50 20 2.5-5.0 0.06-0. 08 7.9-8.3 Nope_.____.___ Low__.--.. Low. ______ § A
i 100! 100} 90-95 |._._.... 0.05-0.2 | 0.19-0.21 | 7.6-7.9 . Nonmeto Low._ ... .. Moderate_..! C
i | slight. | :

? Less than 0.05 inch per hour.
¢ In the Palisade soils, mapping unit PaB has 8 seazonal water table at a depth between 10 and 45 inches. In all other Palisade soils,

the water 1able s
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Climate

The Carbon-Emery Area has a semiarid. continental
type of climate. Humidity is Jow. Daily and seasonal
teinperatures vary over a wide range, and there is a large
amount of sunshine. The growing season is 110 to 130 days,

.cept that it is 140 to 160 days in an area near Green
W.-or. Because of the small amount of rainfall. a long

period of time is required for climate to influence the
formation of the soils. The effects of low rainfall are
most stronglv expressed in shallow soil profiles, light-
colored Al horizons, a low content of organic matter.
and strongly developed Cca horizons.

Climatic records show that the average monthly precip-
itation is about 0.5 of an inch during the period of
Ortober through June and that it is about 1 inch in July.
August, and September. The total yearly average precipi-
tation is about 8 inches. During winter, when evapora-

.\-w,?_"f%

AT I L)

+

‘ure 15.~Schematic cross section showing soils and underlying
material north of Castle Dale.

tion and transpiration are low, the precipitation that
falls is largely available for wworage if it enters the soil.
During the period of XNovember to March, the average
E’mclpltatxon is about 2,5 inches. Sanpete, Minchey, and

alisade soils, on the older land surfaces, have a strong
Ca horizon at a depth of 7 to 20 inches. This is the depth
to which winter precipitation moistens these soils.

In March, April, and May, the Carbon-Emery Area
frequently has winds of moderate to high velocity that
dry the soils and increase the rates of evaporation and
transpiration, These winds are important in the move-
ment and redistribution of calcareous sediment because
they occur before the <oil warms up and protective vege-
tation has grown enough to help break the force of the
wind. The widespread deposition of calcareous sediment
by wind probably accounts for the calcareous A horizon
in the Minchey. Sanpete, Palisade. and Castle Valley
soils, The A1 horizon in the Castle Valley soils 15 also
slightly more caleareous than the B horizon, and this
indicates that calcareous sediment has been recently added
to the surface. ’

Time

In a semiarid climate the soil-forniing processes arc
slow and require a much Jlonger tinie to modify the
parent material than is required in a wetter climate. The
Castle Valley soils seem to be the oldest in the Area: that
is, they have been subjected to horizon differentiation for
the Jongest time. They have a moderately developed It
horizon and contain acenmulations of caleium carbonate.

The Minchev and Sanpete soils are intermediate in
development. They show increased amounts of clay in
the subsoil, but theyv lack clay films. They also have
horizons that contain a strong accumulation of lime.

The least horizonation occurs in soils that have formed
in alluvium—those of the Billings, Ravola, and Penover
series. These soils are on alluvial fans and flood plains.
The length of time the soil material has been in place
is too short for genetic horizons to have formed in these
soils, but some organic matter has accumulated in the sur-
face laver to form a weakly developed Al horizon. A
buried A1 horizon 15 not uncommon,

The old dissected glacial outwash plains on which the
Kenilworth soils acenr appear to be old eroded land sur-
faces. The profile looks like the ca horizon of an eroded
soil from which most of the solum has been removed.
Kenilworth soils are developing in this ca horizon, which
has been modified only by the rranslocation of lime and
an inerease in content of organic matter.

The following is evidence that an old soil may have
existed on these dissected outwash plains. In places, the
surface layer is sandy clay loam, and this might be a relict
B horizon. Typically, the present surface laver contains
slightly more clay than the substratum. In many places
lime-oated gravel and cobblestones are on the surface. In a
few places lime coatings on stones extend 2 to 6 inches
above The suriase Th= evidence indicates that soil mater-
Al nes e Temages o zommE The coarse sarface
mareral.

Relief

Drainage, aeration, exposure, and susce; tibility to ero-
sion are factors of relief that affect the soil-forming proc-
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esses. For example. the Kenilworth soils have a weakly

veloped A1 horizon that is slightly darker and more
inent on north and east exposures than on south
d

west exposures. Furthermore, similar vegetation 1s
more vigorous on north and east esposures than on other
exposures. These differences in vegetation probably are
the result of less direct exposure to the sun on north-
and east-facing slopes than on other slopes. In addition.
soil temperature is lower, surface evaporation is less, and
sater for transpiration is less restricted on north- and
east-facing slopes than on south- and west-facing slopes.

Most soils in the survey area apparently were well
drained before they were irrigated. Since irrigation was
atarted, a high water table has developed and salts have
accumulated, resulting in the formation of the somewhat
poorly drained and poorly drained saline soils of the
Ferron, Hunting, and Saltair series. In many places this
change in drainage can be attribured to differences in
the surface of the underlying shale, which 1s undulating
or uneven. Shale restricts the movement of underground
water and causes this water to accumulate.

In some places, especially in depressions, the Saltair
and Libbings soils have a crust of salt as much as 112
‘nches thick on the surface. In those places salty water
has seeped into the depressions and has left salt when 1t
evaporated. These solls are bare or have only a sparse
stand of pickleweed and greasewood.

Plant and animal life
The natural vegetation in the Carbon-Emery Area con-

sists of a sparse stand of desert shrubs and some bunch
orasses. Along the streams are squawbush, cottonwood,

d willow. Because plant growth is sparse. such soils as
he Minchey, Sanpete, and f{nrding typically contain less
than 1 percent organic matter under natural conditions.
After a period of cultivation and irrigation, the organic
matter in such soils as the Billings, Penoyer, and Ravola
increases to 2 or 3 percent. This increase is the result of
applications of some barnvard manure and of increases
in the amount of plant residue returned to the soil through
cultivation and irrigation. The content of organic matter
does not increase above 2 or 3 percent. This level seems
to represent the equilibrium in these climatic conditions
for soils under irrigation.

Qome areas that have a high water table support 2
growth of sedges and grasses. In =uch aveas the content

of arganic matter in the () horizon of the Ferron, Rafael,
and Abbott =0ils is 12 to 16 percent. Organie matter in
the A1 horizon ranges from 3 to 6 percent, and it decreases
with depth watil there iz only 1 to 2 percent at depths
below 5 inches.

Greasewood and shadscale are two common salt-tol-
erant plants having fleshy leaves and thorns that exert
considerable influence on the content of salt in the soils.
This is especially true for the Beebe and Bunderson soils
but to a less extent for the Ravola and Billings soils. The
leaves of both greasewood and shadscale contain salts that
have been assimilated from the soil. and they are salty to
the raste. As the drmpned aves Jecompote. Ze mineral
residue is again incorporated into the soil some of the
salts are leached away, but sodium salts react with the
soil to increase the amount of exchangeable sodium. Where

.odium salts have accumulated, areas called slickspots ap-

TaBLE 7.—.A comparison of a Beebe soil before and after
irrigation

Beebe No. 1, before irrigation | DBeeve No. 2, after irrigation

Ex- | | Ex-
Depth from pH paate change- ! Depth from pH paste change-
surface i able ' surface { able
: sodium ! | sodium
Inches l Percent Inches | } Pereent
(155 S i 8.0 306 _...._. foT.8. 4
2-12 .. 9.7 50 ! 6-12.._ . __- i 7.9 4
12-18_ . .....! 9.6 532, 12-18_....- ; 7.9 3
1534 .. ..... 85! 19 | 18-36--- ... I 3
3439 ... P 79! 31 36-60. ... | 8.0 T
R{0 o & S 5 8.2 8 1l |

pear. Slickspors are evident for many vears after the
areasewood plants have disappeared. A s0il in these slick-
spots, designated “Beebe No. 1,” in table 7. has pH paste
vnlues between 8.0 and 9.7. About 50 feet away, an irri-
gated, leached soil, designated “Beebe No. 2, has pH
and eschangeable sodium values less than those of Beebe
No. 1.

Animals, as well as plants, have affected the formation
of soils in the survey area. Prairie dogs, for example.
have dug burrows that are especially noticeable in this
cemiarid area because of the sparse cover of vegetation.
The prairie dog towns consist of a system of burrows and
mounds. The subsoil becomes a mound when it i3 brought
to the surface by prairie dogs when they dig their bur-
rows. After a burrow is abandoned, the soil material on
or near the surface fills the cavities and washes into the
deeper soil horizons.

Classification of Soils

Soils are classified so that we can more easily remember
their significant characteristics. Classification enables us
to assemble knowledge about the soils, to see their relation-
ship to one another and to the whole environment, and
to develop principles that help us to understand their be-
havior and their response to manipulation. First through
classification, and then through use of soil maps, we can
apply our knowledge of soils to specific fields and other
tracrs of land.

Thus, in classification soils are placed in narrow cate-
gories that are used in detailed zoil surveys so that
knowledge about the soils can be organized and u=ed in
managing farms, fields, and woodlands: in developing
rural areas; in performing engineering work: and in
many other ways. Soils are placed in broad classes to
facilitate study and comparison in large areas, such as
countries and continents.

Two systems of classifying soils have heen used in the
United States in recent years. The older system was adopt-
ed in 1935 {6) and lazar -ecised (§). The system cur-
TOLIT ol TS el oL TN e = S 2= Nariona!
Cooperarive Survey m 1365 The coorem Syseee = Pt
continnal tudy. Therefore. readers interested in develop-
ments of the current system should search the latest litera.
ture available (9,4).
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e current system of classification is based on mor-
gical characteristics that reflect the genesis of =oils.
}n this system the criteria used as a basis for classification
are soil properties that are observable and measurable.
The properties are chosen, however, so that the soils of
similar genesis, or mode of origin, are grouped to-
gether. N , ,
The current system of classification has six categories.
Beginning with the broadest, these categories are order,
sulworder, great group, subgroup, family, and series. In
table 8 some of the classes in the current system are
given for each soil series in the Carbon-Emery survey
area,

Laboratory Analyses

The results of laboratory analyses of sawmples, taken at
i same location as the typical soil, are shown by hori-
zou3 in tables 9 and 10. The analyses in table 9 were made
by the Soi} Conservation Service and Utah State Univer-
«sitv Cooperative Soils Laboratory, Logan., Utah. Those
in table 10 were made by the Agricultural Research Ser-
vice,

Methods of Analyses

All samples were air dried in the laboratory. They were
then sieved through round openings 2 millimeters In
i meter. Samples that appeared to contain no appreci-
alew: amount of pebbles or stones, that is, less than 5 per-
cb, were poured through a mechanical crusher that has
openings about 4 millimeters in diameter. Samples that
contained an appreciable amount of pebbles or stones were
broken up in an iron mortar without crushing the peb-
bles or stones. Where it was necessary to reduce the size of
the sample, a Riffle sampler was used. Each laboratory

sample was mixed thoroughly to insure uniformity, and
all subsequent analy-es were made on the fraction thar
was less than 2 millimeters in diameter. The percentage
of material greater than 2 millimeters in diameter was
calculated by dividing the weight of the fraction retained
on the 2-millimeter sieve by the initial weight of the air-
dry sample. Subsamples less than 2 millimeters in diam-
eter were ground small enough to pass a sieve of 0.3 mil-
limeter by use of a mortar and pestle. These subsample~
were used to determine organic carbon and the calcium
carbonate equivalent.

The reaction, or pH, was measured with a line-operated
pH meter using a glass electrode with a calomel reference
electrode. In §eterminin the pH of soil-water suspen-
sions in a ratio of one to five, the suspensions were stirred
vigorously immediately before the electrodes were inzert-
ed. At the first indication of stabilization, the pll wa-
read : then, the process was repeated until duplicate read-
ings were obtained. Distilled water, or water free of car-
bon dioxide, was used for all soil-water suspension-,

In determining the content of soluble salts, a standard
Bureau of Soils cup was used to obtain the ohms of re~i=t-
ance of the soil paste at saturation moisture content. The
percentage of total soluble salts was then obtained from
standard tables after correcting for zoil rexture and teni-
perature.

Gypsum

The amount of calcium plus magnesium found in 1:10.
1:20, 1:50 or 1:100 water extract, less than found in satur-
ation extract, was considered to be derived from gyp=uin.
Calcium plus magnesium in both cases was determined by
titration with versenate, using Eriochrome Black T as an
indicator. Exchangeable sodium percentage (ESP) value
was obtained by dividing the amount of exchangeable
sodium by the cation-exchange capacity and multiplyving
the results by 100,

TasLE 8.—Classtfication of soul series

Series Family E Subgroup Order
! t
| i i
Abbott___________.. ! Fine, montmorillonitic, calcareous, mesic. ... ___ ! Fluventic Haplaquepts_ _......-.. " Inceptisols.
Becehe .. _____.... ! Sandy, mixed, mMesie. ..o " Typic Torrifluvents_ ___. . ... ---- Entizols.
Billing«__........._. " Fine-siltv, mixed, calcareous, me-ic_ o .cooiicmaaaaaan * Typic Torrifluventso ... ... ___. Entizolz.
Bunderson__.._....__ . Fine-silty, mixed, caleareous, me~ic___ .. ..ot P Typiec Torrifluvents. ... _._..-- i Entisols,
Cache____________.. Fine, mixed, MeSiC..m o e miaiaaimem e - Tvpic Salorthids. ..o oan ! Aridisols.
Cuxtle Vallev__. ... __ " Loamy, mixed, MesiCe o or .t e aaa i mmme e oo Lithiec Xerolic Haplargids. ... ___ i Aridizols.
Cedar Mountain____. . Loamy, mixed, mesic. oo . ..o eea e Lithic Camborthids.... .. ... ' Aridisol=.
Chipeta. o ____._ . . Clavey, mixed, calcareous, mesic, shallow. ... ... ... Typic Torriorthents_ . _ .. ....-- - Entisols.
Ferron.............. Coarse-silty, mixed, calcareous, mesic. . ..ot  Fluventic Haplaquepts.._. .- .- i Inceptisols.
Green River_ ..., | Coarse-loamy, mixed, calcareous, mesic. ... .__......_.._.; Aquic Ustifluvents.___...-_------ * Entisols.
Harding.._____...... ! Fine, mixed, MesiC. ..o e e cca e ! Typic Natrargids. . .- .ooozceen-- Aridisols.
Munting. ..o oL ! Fine-silty, mixed, caleareous, mesic_ o . . .oo-a._o .. ' Aquie Ustifluvents. ... _..----- ! Entisols.
Kenilworth_ ... ... | Loamy-skeletal, mixed, mesic. ... oo weamcacsacocoana- ' Xerollic Caleiorthids__ . ... .- - Aridisols.
Killpaek. _____.__.... | Fine-silty, mixed, calcareous, mesie _ .o oo oiocooaoooo Typic Torriorthents__ .. .. .----- | Entisols.
Libbings. .. ..oon.. { Fine, mixed, MeSiCo onnonoee ammccccccmcmeee e Ustollic Salorthids. -« avceveann i Aridisols.
Minchev. .. _..._... | Fine-loamy, mixed, MesiC. .o oo ceeoceanmaaanan Typic Caleiorthids. - .o - o-n-- i Aridisols.
Palisade. _______.____ ! Coarse-loamy, mixed, Me3C. . oo vocoamasamamancanaa i Xerollic Calciorthids. v crvm- Aridizai-
TSAYO_ _ . _.. - Loamy, mised, caleareous, mesie, shadwe______ .. Trpee Taxrror beoss — S
Penaver_ oo Coarse-silty, mited, cRica s, =weswe . .. .o - Typie Tewrifigeenes . ZzCwms
RHafael ____ .. ______ Fine-silty, mixed, caleareons, D€ oo oo - ¢ Typic Haplaguepts-. — oo cuu.- Tmr - iisals
Ravola______....._. i Fine-silty, mixed, calcareous, mesie. . . ...ooomooiamaanon I Typic Torrifluvents . coccovennan ; Entisols
Swialroo_ L Fine-silty, mixed, Mesic_ . .. _.eecomocommimmmme——nana Tvpic Salorthids. . oermeeovmaamn | Aridisols.
Naggete _____...... | Loamy-skeletal, mixed, mesic_ . oon---- Xerollic Calejorthids. . ... ---. | Aridisols.
\i.mw ........... | Fine-silty, mixed, calcareous, mesie__ ... .. .. ... Typic Torrifuvents - - .-cc-uu- Entisols.
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ac/dd 16.5

Elements of a Unit Hydrograph
The dimensionless curvilinear unit hydrograph (rigure 16.1) haa 37.5%

of the total volume in the rising side, vhich is represented bty one
unit of time and one unit of discharge. This dimensionless unit hydro-
graph also can be represented by an equivalent triangular hydrograph
baving the same units of time and discharge, thus having the same per-
cent of volume in the rising side of the triangle (figure 16.2).
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Figure 16.2 Dimepsionless curvilinear unit hydrogreph and
equivalent triangular hydrograph
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This allows the base of the triangle to be solved inm relation to the
time to peax using the geometry of triangles. Bolving for the base
length of the triangle, if one unit of time Tp equals ,375 of volume:

Ty = %%%% = 2.67 units of time, -

These relationships are useful in developing the peak rate equation for
use with the dimensionless unit hydrograph.

Peak Rate Eguation

From figure 16.2 the total volume under the triangular unit hydrograph
is:

= q T Pp Ty . &
V=2 v 2L 2 Z(rp e 1) (Eq. 16.1)

~With Q in inches and T in hours, solve for peak rate qp in inches
per hour: .

2
ap = ?;‘IBF; (Eq. 16.2)
2
Let K = = (Eq. 16.3)
1+.X
Tp
Therefore gqp = %Q (Eq. 16.4)
p

In making the conversion from inches per hour to cubic feet per sec-
ond and putting the equation in terms ordinarily used, including
drainage area "A" {n square miles, and time "T" {in hours, equation
16.4 becomes the general equation:

645.33 x K x A x
Qp = T g
p \
Where q_ 1s peak discharge in cubic feet per second (cfs) and the con-

version factor 645.33 is the rate required to discharge one inch from
one square mile in one hour.

(Eq. 16.5)

The relationship of the triangular upit hydrograph, Tp = 1.67 Tp,
gives K = 0.75. Then substituting into equation 16.5 gives:

= 28 AQ (Eq. 16.6)
P Tp

Since the volume under the rising side of the triangular unit hydro-
graph is equal to the volume under the rieing side of the curvilinear
dimensionless unit hydrograph in figure 16.2, the conatant 8L, or
peak rate factor, is valid for the dimensionless unit hydrograph iz
figure 16.1.
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Any change in the dimensionless unit hydrograph reflecting a change in
the percent of volume under the rising side would csuse 8 corresponding
change in the shape factor asssociated with the triangular hydrograph and
tberefore & cbange in the constant 48L. This constant bas been known to
vary from sbout 600 in steep terrain to 300 in very flat swvampy country,
The E&WP Unit hydrologist should concur in the use of s dixensionless
unit hydrograph other than figure 16.2. If for some reason it becomes
pecessary to vary the dimensionless shape of the hydrograph to perfora
a special job, the ratio of the percent of total volume in the rising
side of the unit hydrograph to the rising side of a triangle is a use-
ful tool in arriving at the peak rate factor.

Figure 16.2 shows that:

Tp ==-Qz2 + L (Eq. 16.7)
wvhere AD is the duration of unit exceas rainfall and L is the water-
shed lag in bours. The lag (L) of & watershed is defined (chapter 15)
as the time from the center of mass of excess rainfall (AD) to the
tine %0 peak (Tp) of & unit hyérograph. From equation 16.6:

A\

qp = 2—3—"—-5-3 (Eq. 16.8)
8.y
2

The average relationship of lac (L) to time of concentration (T.) is
L = 0.6 T, (chapter 15).

Substituting in equatiop 1t.8, the peak rate equation becomes:

= LB A Q (Eq. 16.9)

Qp '

The time of concentration is ¢zfined in two ways in chapter 15:

1) the time for runoff to tra:=1 from the furthermost point in the
vatershed to one point in que:.ion, and 2) the time from the end of
excess rainfall to the point - ¢ inflection of the unit hydrograph.

These two relationships are i portant since T, is computed under the
first definition and AD, the .nit storm duration, is used to compute
the time to peak (T,) of the .ait hydrograph. This in turn is applied
to all of the points on the & scissa of the dimensionless unit hydro-
graph using the ratio t/Tp a¢ shown in table 16.1.

The dimensionless unit hydrog aph shown in figure 16.2 has a time to
peek at one unit of time and :.oint of inflection at approximately 1.7
mits of time. Using the re -:ionships Lag = 0.6 T, and the point af
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inflaction = 1.T Tp, AD vill be .2 Tp. A small variation in AD is per-
missible, however, it should be no greater than .25 Tp. See example 1.

Using the relationship shown on the dimensionless unit hydrograph,
figure 16.2 to compute the relationship of AD to T¢:

T, + AD = 1.7 Tp (Eq. 16.10)

A‘%* 6 To u Tp (Bq. 16.11)

Solving these two equations:
To + 4D = 1.7 (A--:aE +.6 Tg)
.15 AD
AD

2 Te
133 T (Eq. 16.12)

Application of Unit Rydrograph

The unit hydrograph can dbe constructed for any location on & uniformly
shaped watershed, once the values of qp and Tp are defined (figure 16.3,
areas A and B).

Area C in figure 16.3 is an irregularly shaped watershed having two
uniformly shaped areas (C2 and Cl) with & big difference in their time
of concentration. This watershed requires the development of two unit
hydrograpbs which may be added together forming one irregularly shaped
unit hydrograph. This irregularly shaped unit hydrograph may be used
to develop a flood hydrograph in the same wvay a8 the unit hydrograph
developed from the dimensionless form (figure 16.1) is used to develop
the flood hydrograph. See example 1 for area shown in figure 16.3.
Also, each of the two unit hydrographs developed for areas C2 and Cl
in figure 16.3 may be used to develop a flood hydrograph for its re-
gpective C2 and Cl areas. The flood hydrographs from each area are
then combined to form the hydrograph at the outlet of area c.

There are many variables integrated into the shape of a unit hydro-
graph. Since a dimensionless unit hydrograph is used and the only
parameters readily available from field data are drainage ares and

time of concentration, consideration should be given to dividing the
watershed into hydrologic units of uniformly shaped areas, These divi-
sions, if at all possible, should be no greater than 20 square miles in
area and should have a homogeneous drainsge pattern.

The "storm duration” is the actual time duration of precipitation excess.
This time durstion varies with actual storms and ghould mot be confused
vith the unit time or uait hydrograph duration.
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EZffects of storm duration and time of concentratiomn (Section 17, Pg. 17.
When the offects of a charnge in eitber the storm duration or the time of
concentration sust be taken into account, one vay to 4o it is to use the
folloving relation from Chapter 16:

Tp = &(D) + b(Tc) (Bq. 17-0b)

vhere Tp = time to peak, in hours
A& = a constant

D = gtorm duration, in hours, during vhich runoff is
generated; it 4s usually less than the total storm dura-

tion
P = a constant

Te = time cf concentration, in hours

As shown in Chapter 1-, the constants a and b can be taken as 0.5 and
0.6 respectively, for most problems, in which case Equation 17-LL
becomes:

Tp = 0.5D + 0.6 T, . (Eq. 17-L5)

Using Equation 17-45 in equations 17-37, 17-38, and 17-39 produces work-
ing =quations in which either the storm duration or the time of concen-
tration can be changed and the effect of the change determined. Such
equations are not often used because the main comparison is usually
between present and future conditions in which only runoff amount and
drainage area will change. 1In special problems where storm duration
must be taken into account there are other approaches that are more
applicable (gee the section titled "Use of Equation 17-43 on large
watersheds"). :

Storm Duration (Section 4, Pg. 4.11

The total duration of a storm is used in estimating a peak rate of
runoff or in developing a hydrograph. The duration is always known
for a design storm, but for nstural storms, such as those used in
some methods of watershed evaluation, the duration may be difficult
to determine. Methods of estimating the durstion of natural storms
will be driefly diascussed.

BATURAL STORMS

Duraticns of specific actual storms can generally be estimated to the
nearest hour by use of Wemther Bureau publications of hourly precipi-
tation dmta, With these da<ta, or even viih it~ et clm—s T B
recording gage, it is often difficult to decide on the beginning or
ending times of a storm. PFurthermore, if there are periods of no rain
within the storm, the duration way need to be arbitrarily defined.

The problem of hydrograph construction is simplified by using storm
increments and, in general, this is the best way of using natural
storms (for hydrograph construction in this manner, see chapter 16).
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9.2

Table 9.1.--Runoff curve npumbers for hydrologic soll-cover complexes

(Antecedent moisture conlition II, and I, = 0.2 S)

Cover
Tend use  Treatment Bydrologic Bydrologic soil group
- or practice condition A B c D
Fallow Straight row .——- 77 8 91 9%
Row crops " Poor 72 a 88 a1
" Good 67 78 8 89
Cantoured Poor 70 19 8 88
" Good 65 p) & B
"and terraced Poor 66 s 8 82
non " Good 62 T 78 &1
Small Straight row Poor 65 76 84 88
grain Good 63 Ip) 8% 87
Contoured Poor 63 4 82 8
Good 61 3 8 84
"and terraced Poor 61 T2 79 82
Good 59 T0 78 81
Close-seeded Straight row Poor 66 7 8 89
legumes 1/ " " Good 58 712 &1 8
or Contoured Poor 64 5 8 85
rotation " Good 55 69 78 83
peadow "and terraced Poor 6% T3 & 83
Tand terraced Good 51 67 76 80
Pasture Poor 68 79 8 89
or range Fair L9 69 79 84
Good 39 61 ™ 8
Contoured Poor 47 67 & 88
" Fair 25 Py 5 83
" Good 6 35 70 719
Meadow Good 30 58 7. 78
Woods Poor 45 66 17 83
Fair 36 60 7 719
Good 25 55 0 77
Farmsteads -———— 59 T4 B2 86
Roads (dirt) 2/ -—-- 72 8 87 89
(hard surface) 2/ - h 8L Q0 92

1/ Close-drilled or broadcast.
2/ Including right-of -way.
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10.7

Table 10.l. Curve numbers (CN) and constants for the case I, =0.28

. ‘l' 1 2 3 b 5 1 2 3 b 5
CN for Curve* CN for Curver*
CN for s CN for S
c:?gz' conditions values#®* 3;:::5 c:‘;g:;” conditions values®* :;:25
I I I P = 1 I IIX P -

(incbes) (incheg) (inches) (inches)
100 100 100 0 0 60 4o 78 6.67 1.3%
99 97 100 .101 .02 59 39 17 6.9 1.39
98 94 99 .20k Ok 58 38 76  T.2% 1.45
97 9l P 309 .06 57 37 75 T.54 1.51
96 89 99 427 .08 56 3% 75 7.86 1.57
% 87 98 .526 1 55 3 74  8.18 1.64
o4 & 98 .638 13 54 34 73 8,52 1.70
93 85 98 753 A5 55 33 72 8.87 1.77
92 a1 97 .870 A7 52 32 71 9.23 1.8
91 80 97 .989 .20 51 31 70 9.61 1.92
90 78 96 1.11 .22 50 31 70  10.0 2.00
89 76 96 1.24 25 b9 30 69 10.4 2.08
88 () 9% 1.36 .27 L8 29 68 10.8 2.16
87 3 95 1.49 .30 47 28 67 11.3 2.26
86 72 ok 1.63 .33 L6 27 66 11.7 2.34
85 70 ol 1.76 5! 45 26 65 12,2 2,44
a4 68 93 1.90 .38 Ly 25 64 12.7 2.54
83 67 93 2.05 Al 43 25 63 13.2 2.6k
82 66 g2 2.20 Ll ko 2k 62 13.8 2.76
81 (1 92 2.34 L7 h 23 61  1lhk.4 2.88
o 8 65 9 2.5 .50 W 2 6 15.0 3.00
79 62 91 2,66 53 39 21 59 15.6 3.12
78 60 90 2.82 .56 38 21 58  16.3 3.26
Yird 59 89 2.99 .60 37 20 571 17.0 3.4
76 58 89 3.16 .63 36 19 5 17.8 3.56
75 57 88 3.33 67 35 18 55 18.6 3.72
(" 55 88 3.51 .70 3l 18 54 19.h4 3.88
T3 56 87  3.70 et 3 17 53 20.3 k.06
72 5% 86 3.89 .78 o 16 52 21.2 L.24
71 52 86 %.08 82 31 16 51 22.2 enn
70 51 85 L.28 .86 30 15 50 23.3 L .66
69 50 84 L. 49 .90
68 48 a4 h.70 .ob 25 12 43 20.0 6.00
67 47 83 L, g2 .98 20 9 37  L0.0 8.00
66 46 82 5.15 1.0% 15 6 30 56.7 11.34
65 45 82 5.58 1.08 10 L 22 90,0 18.00
6k Ly 81 5.62 1.12 5 2 13 190.0 38,
63 L3 80 5.87 1.17 0 0 0 infinity infinity
62 4o 79 6.13 1.23
61 41 78 6.39 1.28

*For CN in column 1.
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22-11
CONVERSIONS

~THIS: LIMES THIS: GIVES YOU THIS;

ofs days 1.983 Ar

cfs days 0.03719 inches depth on 1 square
mile

cfs deys per square mile 0.03719 inches depth

cfs hours 0.08264 AF

cfa hours per square mile 0.001550 inches depth

cfs 1,983 AF per day

ofs 724.0 AF per year (365 dayas)

cfs 448.8 U. S. gellons per minute

ofs 0.6463 million U. S, gallons
per day

cam 0.03719 inches depth per day

cam 13,57 inches depth per year
(365 days)

inches per hour 645.3 csm

inches per hour 1.008 cfs per acre

inches depth 53.33 AF per square mile

inches depth on 1 aq. mi. 53.33 AF

AT 0.5042 cfs days

AF 12.10 cfs hours

AF 0.01875 inches depth on 1 square
mile

AF 0.3258 million U, S. gallons

AF per day 0.5042 efs

A¥ per square mile 0.01875 inches depth

U. S. gallons per minute 0.002228 cfs

million U. S. gallons per day 1.547 cfs

million U, 8. gallons per day 3,069 AF

feet per second 0.6818 miles per hour

centimeters 0.3937 inches

hectares 2.471 acres

liters 0.2642 U, S. gallons

kilograms 2.205 pounds

cubic feet 7.480 U. S, gallons

imperial gallons 1.200 U, S, gallons

@ U. B. QOVERNMENT PRINTING OFFICE : 1971 O - 418-11§
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e CS: HEAD LOSS COEFFICIENTS FOR CIRCULAR AND

SQUARE CONDUITS FLOWING FULL 5.5-4a
5087 nt
HNEAD Loss COEFFICIENT, Kp, FOR CI1RCULAR PIPE F_Lowma Fue Ko =%

Pipe | Flow MANNING'S COEFFICIENT OF ROUGHNESS n”

o A 2075|006 \aor7|aos jaor9laozolooes[oozzlacz3lavz4 | aozs
¢ |ase 2/050\a19d|a/548]0.15/ |2168 | /87 (0206 |Q226 0247 |Q269 0292
8 losd9 10718 | 08714 |.09/91.1030 | 1148 | /272 | 140 | ./54 | .168 |.183 |./199
/0 lasas 053/ 0604|0682 | 0765|.0652|.0944|.104/ |.1/43 |.1249| ./36 | 148
/2 0785 ). L0/ 7|.0474 . 0585).0600].0668 0781 |.08/7 |.089%|.0980|./1067 |.1/57
/4 11069 033908860436 | 0488 | 0544 0603|0665 |.0730|.0798\.0868 |0942
/5 1/23 030910352 0397|0446 .04 96.0550|.060% . %66 |.0727.0792 | 8859
/6 | 140 7840323 0365 0409 0455 05050556 06/) |.0667 0727 .0789
/8 1177 0243 0276 .03/2 !.0349{.6’389,.06'3%0476 [O522.0870:. 062/ .087d |
2/ | 24/ 01980725 0754 0284 .03/7 035, 0387 0425.09641.0506 0549
24 134 0165 1.0/88 0212 0238 ,0265 0294 ,0374,0356 | 03890423 | 0459

27 398 o1/ L0/& To/81 0203 0227 025/ .0277 L0304 0332 .0362.0393
| ‘z L] :

30 a9/ 01070\ 0728 0140 . 0/58 | 0/77 /97 . 02/8 024/ 0264|0289 03/¢ |.034/

3¢ | 707 w7_tw539ix'%5;0109e 0124 039 .0/54 017! To/ag 02070226 | 0246 | 0267

mwmsym‘m,wm 010070189 .0/126 | €139 o541 0169 0184 0701 L0218

9z [ 962

44 |/1257 wsﬁjrmamcssm?z 56 20747 0043 AONS5 D53 Olae | 0: ZQLOId/ ov5d | O/68 | .O/82
54_1/5.90 00307 00359 20421 [ 004BE, 0056 006 38 20720 0808 .0 00300 20997,0:C99 0/ 2] 0132 044 0I56
60 (/943 wesﬂmsfz}maarwﬂm 00534 00676 (D008 [OTA2, 00864 009550088 0115 0250135

HEAD LOSS COLFFICIENT, Ky, FOR
SOUARE (ONDUIT FLOWING FULL

okt | Flow

FIC
LOUSHNESS “n*

Jize |ares
fee! sg 1t

252 | 40

2ix24| 625

I3 900 |.

332351 12.25)

4xd | /6.00 .

dira}] 20.25]

525 | 25.00].

55«55 30.25).

2
#o (Ko k)L 55

Nomerng/oture :

g = Cross-sectiono/ orec of Flow in 3g. 17

T insige cramerer of pioe 1 1CHes

Acceleration of grovity = 32.2 /1 per sec.

LOSS of heod 11 fael oue ro Ffricltian in /ength L,
I (058 COBFLICIent for sguard conduit Flowrng Full
Meod lass coefficient for circuiar pipe Flowing rull.
Lengttr of conduit in Fee

Monringls coerFiciens of "oug’? 1ess.

Dischorge or copoc/ty 17 cv Il per sec.
Mygrov/ic rodiuvs i1 ree’r.

Meon velocity 1o 7 per sec.

SANRQI NP RAI0 Y
a ou u

L Tt

Example | : Compurte 1Ae head foss i 3002 of 24 /0. diam.

626 | 36.00|.

‘j{x‘i‘ o£2.24 ).

77 | 4901

75x 78| 56.25 .

8:8 | &4.00]

concrete pipe Flowmng Ffull andg discharging
B0cfs Assume n=00/5

@, 30 as55)?
“"0'3/4 955?"/:.5,29-%4—“; (22 FP
Hz=hkyl g-00/6513001/d2‘ 70377

Fxomple 2: Compute the dischorge of o 2507/, 3x8

8§83 225

9:9 | 81.00|

2419%| S0 25].

0% 10 /00.00).

Sguore cangu: f Flowing Full i F e Joss of
PeOT IS dererrmined ro be I 2511t Assume
nso O/

Py RS zz25
ctZg: 29 "k.( "aoo039xZ50

ve\6d dx.273= 831 ; Q= 9x83/ +T4.8cs.

= /L0737

REFERENCE

E STARDAND DWG. 0.
CE | ES-42

SHEET t _ofF 1|
DATE 7=17-80

H. H. Bannett, Chil!
ENGINEERING STANDARDS UNIT

Revised 4-11- 5}
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1981
DEVELOPMENT OF KVAPORATTON AND

OTHER LOSSES

~ WELLINGYON COAL CLEANING PLANT

1 Y-
1981 Pump House Diversion (acre feet) ” 8372

9§ ecipitati 9.6/ faay 2 _
1981 Preci plt.,a_f_._n_on(___}__.Lg_’l_ % §8.2) (AF) 71

Total Watevr Enteving Circuilb (AD) 903

‘Heat Dryer Iosses

Total coal shipments 905,037 tons
Porcent of coal to heat dryer 40%
Tons of coal from heat dryer 362,014
loisture in coal from heat dryer 4.5%
Moisture in coal shipped 16,291

Tons of coal dry basis to heat drver 345,723
Molsture in coal to heat dryov 9.5%
Tons of coal wet basis to heal drver 382,015
Total water evarorated (tons) 20,001
20,001 x 2000) 14.7

Acre feet of water (6§T4“x'43:566

Pond Fvaporation

(@]

Averages evaporaticn loss-annual feot

Suriace Area of Ponds (acres)

Clearwater 12
Lowor Refuso 65,
Fields 9.
Ditches 1

L OV W

]

Total 865.72

Evaporation loss 441.0 AT

Other Losscs During 1981 ' 462 AR

1 - Coal Prepuaration Plant Racords - reported to the Trice River
Wator Users Associabion for 1981,

2 - Precipitation at Wellington for 1981, Utah State Climatologist's

Office, Logan, Utah.

3 - Pan Evaporation Tests - Coal Preparation Plant.



-t CALCULATION NOTES

. Subject Hydrologic Evaluation By BAF

) ’ . Checked
Acc't
Date June 30 19 83
Sheet No. 1 of 2  Sheets

GENERAL

The Wellington Coal Cleaning Plant is located some two to three miles
southeast of Wellington, Carbon County, Utah. The area is semi-arid
with an annual precipitation of about six to eight inches, most of which
is received in the form of short duration thunderstorms.

The plant and adjacent areas west of the Price River are located in the
past and present floodplain of the Price River. Currently, the floodplain
is confined to that area between the river and the mainline of the Denver
and Rio Grands Western Railroad tracks. In the past, however, the river
probably occupmied a channel in the present plant location. The resulting
floodplain occupjias all of the low areas west of the Price River which

are now utilized by U. S. Steel Mining Co., Inc. for coal processing,

(AP 0 - g A A LA e

equipment and material storage, and coarse refuse accumulation.

|

l A floodplain, by definition, is a flat area which is built up by stread )
‘deposition. The plant area is located within the Price River floodplain/

|

|

%

!

i

i

|

C <
' . N . R . A,
and is, therefore, subject to sediment deposition rather than erosion. gf
As such, the plant area is subject to sediment accumulation, not con-
tributions.

The slurry pond area east of the Price River is located in a stream channel
which at one time coursed irrigation and storm drainage to the Price

River. Since congtruction of the impoundments and the diversion ditch
along the North Dike, irrigation water is intercepted ana passed to the
river thrcuzh the diversion ditch. Storm runoff from disturbed areas is
contained in the slurry pond system. Hydrologic evaluation of the slurry
pond system and adjacent diversion ditch, pursuant to the proposed mod-
ifications,for 2 100 year 24 hour storm is included in Technical Revision

FIELD RECONNAISSANCE

The permit area and adjacent areas were evaluated by U. S. Steel Mining
Co., Inc. engineering personnel in May of 1983 for specific drainage and
vegetation characteristics. Conservative vegetative cover values were
assigned (generally about 60 percent of that observed during the field
reconnaissance) due to the relatively wet spring. It is expected that
some of the low ground cover now growing will disappear with the arrival
of summer.

Additional field reconnaissance in June of 1983 by three U. 8. Steel Mining

.Co. engineers’and two Division of 0il, Gas and Mining hydrologists estab-
lished that the May 1983 survey was a prudent evaluation and that it was

appropriate to proceed with the data for the hydrologic evaluation.

B -1
Rev. 1l: 6-30-83




CALCULATION NOTES
Subject Hydrologic Evaluation By BAF
' Checked

Acc't

Date June 30 19 83

Sheet No. 2 of 2 Sheets

Field Reconnaissance continued

Drawing No. F9-177, sheets 1 and 2 of 2, summarizes the results of the
field reconnaissance.

DEVELOPMENT OF HYDROLOGIC CURVE NUMBERS

Ground cover types and densities, established during field reconnaissance,
and hydrologic soil groups were used in developing the curve numbers

shown on F9-177. Methodology used in developing the curve numbers is
shown on page B-3.

STORM RUNOFF CALCULATION

Storm runoff calculations are based on a 10 year 24 hour precipitation
event, which at the plant area is 1.82 inches (page B-17). The runoff
estimate is calculated from a weighted average curve number for the

entire drainage area. This method of evaluation is demonstrated in the
SCS-National Engineering Handbook - Section 4, Chapter 10, pages 10 and 11.
Storm runoff is then calculated using the formula:

inches of runoff
inches of rainfall for the
design storm = 1.82" for
10-24 (p. B-17)
S = 1000 -10

curve no.

Q = (P—O.ZS)2 Where: Q
P+0.88 P

o

Local weather patterns indicate a dry antecedent moisture condition (AMC I).
However, all calculations in this section are based on the antecedent
moisture condition II (AMC II) at the Divisions request.

SOIL LOSS CALCULATION

Soil loss calculations are based on the Universal Soil Loss Equation
{Soil Conservation Service, January, 1976) where k = RKLSC. Factors used
in developing the soil loss are included on pages B-28 thru B-35 . Soil
losses in the plant area are expected to be insignificant due to the de-
positional rather than erosive nature of the site.

. B - 2

Rev. 2: 12-30-83



- CALCULATION NOTES

.[ Dirt Roads
|
i
|
|
1
[}
{
i
|

Subject Development of Hydrologic
Curve Numbers '
Soil (1) (2) Hyd. Soil(2) Cover (3)
Class Group Complex
SmD2 A Sage/Grass
M1B B Sage/Grass
Mx
BuB2 C Sage/Grass
Sn(c)

Paved Roads

Building Roofs

Pond Surface

PCE2 D Sage/Grass

(1) Drawing No.'s E9-3339 and A9-1431.

By_ BAF
Checked
Acc't
Date June 30 19 g3
Sheet No. 1  of 2 Sheets
Cover(3) Curve
Density Number
10 49 (4)
10 69 (4)
15 67(4)
0 87(4)
5 85(4)
10 83(4)
15 80(4)
20 78 (4)
25 76(4)
30 73(4)
40 68(4)
50 £4(4)
60 398(4)
- 87(5)
- ag/53)
- 98(5)
- 100
10 86 (4)
15 84 (4)

(2) SO0IL SURVEY Carbon-Emery Area, Utah, Soil Conservation Service
and Bureau of Land Manadgement in cooperation with Utah Agricultural
Experiment Station, December, 1970; pp. B-18, 19.

(3) Field reconnaissance of the plant and adjacent areas during May
engineering per-

and June of 1983 by U. S. Steel Mining Co.,

sonnel.

Inc.

(4) National Engineering Handbook, Section 4, Chapter 9, Fig. 9.6,

Soil Conservation Service, pp. B-20, 21

(5) Urban Hydrology for Small Watersheds, TR No.

Conservation Service, January, 1975, p. B-22

B~ 3
Rev. 1l: 6-30-83

55, Table 2.2,

Soil



- CALCULATION NOTES

‘ Subject  Development of Hydrologic By BAT
Curve Numbers R 3 ' , Checked
Acc't
Date June 30 1983

Sheet No. 9 of o Sheets

NOTE :

All areas where coarse materials have been consolidated into a pile are

assumed to have no runoff from a 10 year 24 hour storm. These areas
are:

1. Coarse refuse pile south of the main plant building.
2. Coarse refuse pile west of the Upper Refuse Pond.
3. Track ballast.

This assumption is supported as follows:

- Coarse material has an extremely high infiltration rate due
to void spaces, inherant to piles of coarse material, which
preclude a drainage path along the surface of the pile.

- Water which lands on a pile of coarse material will percolate
through the pile, saturating the surface area of the materiails
prior to reaching the soil foundation,

- The thickness of the refuse piles generally exceeds 20 feet
and track ballast generally a foot or more. This indicates a
significant surface area tha+t must he gaturated before water
reaches the foundation.

- Each pile is located on a soil foundation. Should moisture from
a precipitation event reach the soil foundation, the soil itself
will absorb its respective volume of moisture.

- The soil foundation is the only location where runoff can occur
due to the percolating rather than runoff affect of the coarse
material. Since the pile is located on top, the foundation
soil has a 100 percent ground cover. This corresponds to a
curve number of 40 (reference 4, p. B-3) which is significantly
lower than the minimum curve number where runoff will occur
from a storm of 1.82 inch intensity.

B - 4
Rev. 1l: 6-30-83



CALCULATION NOTES
. Subject Diversion Ditch Drainage By BAF
' Checked
Acc't
Date May 27 19 83
| Ref. Dwg. A9-1341, p. B-24 Sheet No. 1 of 5 Sheets
Soil{l) (3) Curve Weighted
Type No. (2) 5cres(3) CN (4)
i Smb2 49 13.8 2.4
? M1B 69 20.2 5.0
i Sn(c) 73 7.0 1.8
t
i Sn(c) 78 7.4 2.1
| sn (c) e 80 25.9 7.4
E Sn(c) 83 8.4 2.5
|
! PCE2 86 157.8 65.5
‘!’ Sn (D) 86 0.8 0.2
’ 281.0 81.9
CN = 82
_ 1000 _ N
S = 3 -10 = 2.20
2
0 (1.82 -0.2(2.20))% _ 45 =ay s,

1.82 +0.8(2.20)

0.532 in. (281.0 acres;

Volume = 17 in/ft

The diversion ditch outlet capacity of 22.6 AF (reference Dwg.
. E9-3431) is adequate to contain the 12.5 AF discharge from a
10 year 24 hour storm. '

B -5
Rev. 1l: 6-30-83




- CALCULATION NOTES
. Subject Drainage Ditch _ By BAF
East of Coarse Refuse Pile: Checked
Acc't
Date May 27 1983
Ref. Dwg. F9-177 Sheet 1 of 2 Sheet No. 2 of 5 Sheets
Soil (1) (3) Curve Weighted
Type No. (2) Acres (3) CN (4)
Refuse NO RUNOFF
Sn/BuB2 78 4.97 29.8
BeB2 80 1.50 9.2
' Sn 83 3.99 25.5
| sn/BuB2 87 2.26 15.1
i
Blacktop/Bldgs. 98 0.28 2.1

=~
w
Lew)
o
[$+}
pet

~l

CN = 82
_ 1000 ., _
5§ = =57 -10 = 2.20

(1.82 -0.2(2.20))2

Q = T8 7 0.8(2.20) 0.532 in.
. 2/- \
Volume = 0:532 in (ig.gg?§1(43560 £e2/a¢)  _ 58 105 of

. : - B - 6

Rev. 1l: 6-30-83




CALCULATION NOTES

Subject_ plant Area-Drainage into By __ Bar
Auxiliary Pond and Road Pond Checked
Ref, Dwg. F9-177 Acc't
Date May 27 1983
Sheet No. 3 of 5 Sheets
Runoff Requirement

Soil (1) (3) Curve Weighted
Type No. {(2) Acres (3) CN{4)
BuB2 78 0.45 5.5
sn (c) 83 0.51 6.6
sn (¢) 85 0.186 2.1
Sn/BuB2 87 2.40 32.8
Blacktop/Bldgs. 98 2.42 37.2
Pond Surface 100 0.43 6.8

6.37 91.0

CN = 91 010-24 = 1.007 in.
s = 0,99 Q25-24 = 1,322 in.
Volume 10-24 = (1.007 in) (6.37 ac) (43560 sf/ac) = 23,240 CF
12 in/ft
Volume 25-24 = (1.322 in) (6.37 ac) (43560 sf/ac) = 30,569 CF
12 in/ft

Soil loss Requirement (acreage excludes blacktop, buildings and pond surface areas)

R =20 S = 0.14
k = 0.50 C = 0.45
(20) (0.50) (0.14) (0.45) = 0.630 tons/acre/year
3 year soil loss = (0.630 T/AC/YR) (3.52 AC) (3 ¥YR) (2000 #/T) = 157 CF
85 #/CF

Containment is provided in the Road Pond (reference Dwg. E9-3429)

Rev.
Rev.

B-7
1: 6-30-83
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Rev. 3:

12-30-8
2-24-84
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CALCULATION NOTES

Subject Heat Dryer By par
Drainage Area Checked
Ref. Dwg. F9-177 :  Acc't
Date Mav 27 1983

Sheet No._ 4 of 5 Sheets

Runoff Requirement

Soil (1) (3) Curve Weighted
Type No. (2) Acres (3) CN (4)
BuB2 87 0.97 73.4
Blacktop/ Bldgs. 98 0.18 15.3
1.15 88.7
CN = 89 010-24 = 0.879 in.
5 =1.24 025-24 = 1.177 in.
Volume 10-24 = (0.879 in.) (1.15 ac¢) (43560 sf/ac) = 3,669 cf
12 in/ft
Volume 25-24 = (1.177 in.) (1.15 ac) (43560 sf/ac) = 4,913 cf
12 in/ft
Soil Loss Requirement
F=20 : Ls = 0.10
K = 0.50 C = 0.45
(20) (0.50) (0.10) (0.45) = 0.450 tons/acre/year
3 year soil loss = (0.450 T/ac/yr) (0.97 ac) (3 yr) (2000 #/Ty = 31 CF ‘L”
85 #/CF ) tl?

M

Containment is provided in the Heat Dryer Pond (reference Dwg. E943E33YQ

B -8
Rev. 1l: 6~-30-83
Rev. 2: 12-30-83
Rev. 3: 2-24-84
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CALCULATION NOTES

Non Coal Waste Holding By BAF
Area Drainage ' Checked .
Acc't
Date May 27 19 83
Ref. Dwg. E9-3431, F9-177 Sheet No. 5 of 5 Sheets
Soil(l) (3) Curve Weighted
Type No. (2) Acres (3) CN(4)
BuB2 87 0.26 87.0
CN = 87
_ 1000 . _
S —gT 10 = 1.49
2
o (1.82 -0.2(1.49))° _ -
Q= g3 ¥0.8(1.49) - 0-769 in.
Volume — {8:769 in) (0.26AC) (43560 £t.2 /a0y .

(1)

(2)
(3)

12 in/ft.

726 cf

The non coal waste holding area capacity of 1138 cf (reference
Dwg. E9-3431) is adequate to contain the 726 cf of runoff from

a 10 year 24 hour storm.

SOIL. SURVEY Carbon-Emery Area,

Utah,S01l Conservation Service and

Bureau of Land Management in Cooperation with Utah Agricultural

Experimentation Station, December 1980
Pages B-3, 4 of this Appendix,
Drawing No. F9-177 and/or E9-3339.

Curve number times acres divided by to

u&} B

-9
Rev. 1l: 6-30-83
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.t CALCULATION NOTES
Subject . Drainage Ditch Evaluation By BAF
' Checked

Acc't

Date June 30 19 83

Sheet No. 1 of 2 Sheets

i

The drainage ditch east of the refuse pile provides an escape for excess
water which may accumulate from the plant equipment and material storage
yard area. Due to the flatness of the drainage area, runoff velocities

are slow and in many areas nonexistent,resulting in puddling. Culverts P
located under roadways preclude significant puddling in roadways, and ‘F§
~act to equalize standing water in most areas. Soil infiltration is ,§§w§
high due to the slow velocities which allow moisture more time to per- '@@”;

ate into the soils rather than run off, AN

The equipment and material storage yard is located on an old floodplain .g§»
of the Price River and as such is subject to sediment deposition rather

than erosion. The soil carrying capacity on these relatively flat sur-
faces is essentially nil.

Hydrologic evaluation for the drainage area feeding the drainage ditch
is found on page B-6.. Cross sections of the ditch are found on Drawing
No. E9-3431. Since the drainage area is nct subject to sediment con-
tributions, the Operator proposes that a silt fence be installed at the
location of cross section K-K. As such, sediments that may be carried
into the drainace ditch will be filtered prior to discharge. This area
is considered a small area in terms of sediment contribution potential,
and exemption from sedimentation pond installations is requested.

The drainage ditch is not subject to significant water velocities which
would wash out the silt fence. Like the surrounding area, the ditch has
only a slight grade which results in a maximum velocity of 2.8 feet per
second. It should be noted that approximately one half of the total
storm runoff (assuming all the runoff reached the drainage ditch) can

be contained in the ditch from section K-K upstream while maintaining
0.3 feet of freebocard. The Geofab silt fence has a capacity to pass
some 470 gallons per square foot of fence. Specifications for this silt
fence is included on page B-27.

Ditch velocities were calculated using the manning formula given on
page B-13., Velocities are calculated using Q0 = AV as follows:

- Section JJ°'

A = 19.8 SF (calculated from survey notes)
P = 16.7 FT (measured when surveyed)
R= A/P = 1.18 FT.
2/3
Q +1-486 (19.8) (1.18) / (0.0027);5 = 49 cfs
*0.035
v="2 =25 ft./sec.

B - 10
Rev. 1l: 6~30-83



CALCULATION NOTES

' Subject  Drainage Ditch Evaluation By . BAF
’ Checked
Acc't

Date June 30 19 83

Sheet No. 2 of 5 Sheets

- Section KK'

_24.1 SF (calculated from survey notes)
16.7 FT (measured when surveyed)
A/P = 1.44 PFT

1.486
035 (24.1) (1.44)

= 2.8 ft./sec.

2/3

A
P
R
Q (0.0027)% = 68 cfs
v

I
PO o

@ B —1—:11

Rev. 6-30-83




CALCULATION NOTES

Subject Sedimentétioh Control By BAF
at the River Pumphouse - ' Checked
Acc't -
Date June._30 19 g3

Sheet No. 1 of 1 _ Sheets

The River Pumphouse is located near the clear water dike between the
Price River and the county road. The total drainage area is about one
acre. Approximately half the area drains into an incised pit shown on
Drawing No. F9~-177. The adjacent area is bermed along the river, but
the concrete roadway (reference Dwg. E9-3430) along the diversion dam
is not bermed.

The Operator requests exemption from a sedimentation pond installation
due to the small area (0.47 acres) involved. It is proposed that a
silt fence or straw filter be installed across the roadway to filter
sediments carried by runoff before entering the Price River.

Either a row of Straw bales or a silt fence (reference B-27) approximately
15 feet long will provide effective sediment protection. The proposed
location is shown on F9-177.

B - 12
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CALCULATION NOTES

Subject Diversion Ditch Adequacy. By ___BAF * =
' Checked
Acc't
Date June 27 19 83

Sheet No. 1 of 2 Sheets

DITCH CAPACITY

Flow of water in open channels is most commonly computed using the

Manning Formula
_1.486
Q= "%

Referring to Drawiﬁé E9-3431, Sections FF', GG

AR

(B-23) :

2/3 %

S

Where: quantity of flow in cfs
coefficient of roughness
cross sectional area in sf
hydraulic radius (area/
wetted perimeter) in ft.
channel slope in ft./ft.
wetted perimeter

and HH', and assuming a

nono

Q
n
A
R

)
P

-t

roughness coefficient of 0.035 (p. B~23), the minimum capacity of this

ditch is 341 cfs.

Detailed calculation is as follows:

- Section FF'

A =
P =
R = A/P
Q
- Section
A= 75.3
P =
R = A/P
Q

43.7 SF (calculated from survey notes)

30.1 FT (measured when surveved)

= 1.45 ft.
= ;:ggg (43.7) (1.45)%73(0.0209)% = 344 cfs
GG’

SF (calculated from survey notes)

38.2 FT (measured when surveyed)

1.97 ft.

1.486
0.035

(75.3)(1.97)2/3(0.0105)% = 515 cfs

B - 13
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CALCULATION NOTES

‘ . Subject Diversion Ditch Adequacy ) By BAF
' Checked
—
Acc't _
Date June 27 19 83

Sheet No. 2 of 2 Sheets

- Section HH'

A = 46.3 SF (calculated from survey notes)
P = 21.4 FT (measured when surveyed)
R=A/P = 2,16 ft.
0 = %’-:%%:“(46.3) (2.16)273(0.0108) % = 341 cfs

MAXIMUM DITCH CAPACITY = 341 cfs

T

DITCH ADEQUACY

| Referring to the hydrologic evaluation of the diversion ditch on page
. B~5 , the average curve number is 82 and the drainage area is 281.0
acres. A 10 year 24 hour storm is 1.82 inches intensity. The nomo-
graphs on pages B-25 and B-26 1indicate peak flows as follows: (assuming

steep slopes)

-

CN = 80 peak flow = 83 cfs
CN = 85 peak flow = 148 cfs
Interpolating: CN = 82 peak flow = 109 cfs

The ditch capacity of 341 cfs is adequate to pass the 109 cfs peak flow
from a 10 year 24 hour storm.

4y

B - 14
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CALCULATION NOTES
Subject Storm Runoff into Catch Basin By B-.A.F.

Checked

Ace't

8-27 1984

Sheet No. 2 of 2 Sheets

Method referenced on Page B-2 of ORP.

Acres Curve No. Weighted CN
3.10 84 45,9
2.57 89 40.3
5.67 86.2

CN = 86
S = 1000/86 = 10 = 1.63
Qgong = (1-82 - 0.2(1.63))° = 0.714 In.
1.82 + 0.8(1.63)
. Ft.
Volume = 0.714 in (}%~E- 5.67 Acres
12 1In.
= 0.34 Acre~Ft. for 10 ¥Yr. - 24 Hr. Storm
Q = (2.18-0.2(1 63))2
®25-24 & S =t 2 = 0. ]
2.18 = 0.8(1.63) 0.987 In
Ft.
Volume = 0,987 In (l t } 5.67 Acres

12 In.
= 0.47 Acre=Ft. for 25 Yr - 24 Hr Storm

Both the existing and modified basins are adequate to contain a
25 year-24 hour storm.



. CALCULATION NOTES
Subject Storm Runoff into Catch Basin By B.A.F.

Checked

Acc't

8-27 1984

Sheet No. 1 of 2 Sheets

All drawing and page references in this section refer to either drawings
submitted in this section, or drawings and pages included in the Operation and
Reclamation Plan - Wellington Coal Cleaning Plant -~ ACT/007/012.

* The entire drainage area is located within the Sn soil group (DWG. E9-3339).

* Due to the proximity to the PCE2 series, the Sn series is assumed to be soil
group D (PP. R-18,19).

* Undisturbed areas have a 15% sage-grass cover. (Cover density is estimated
at approx. 60% of actual cover noted in field reconnaissance, August 1984,
to account for seasonal changes.) This corresponds to a hydrologic curve
number of 84 (P. B~3). '

Disturbed areas have no appreciable cover, which corresponds to a hydrologic
curve number of 89 (P. B-21,22). The Containment area within the basin also
has a curve number of 89 because the pond is generally dry.

A 10 year-24 hour storm is 1.82 inches. A 25 year-24 hour storm is 2.18
inches (P. B-17).
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Source: Estimated Return Periods for Shoft-Duration Precipitation
in Utah, Utah State University, Logan, Utah, Department of
Soils and Biometeorology, Bulletin No. 1, March, 1971.

£STIMATED RETURN PERIODS FOR SHORT DWRATION PRECIPIIATION

(inches)
Staticn: Price Flevation: 58N
Latitude: 39° 37' congitude: 110¢ &N
DLURATILOGN
|
5 10 15 30 1 2 3 6 12 J4 ‘
Min Min Min Min Hr Hr Hr Hr Hr s
a 1.8 13 7 .23 .29 37 .44 62 .78 .95
o]
- P TR V- V- S B VY [ S S L T B L AT -
o,
wp 5 Jd6 .25 .32 .44 56 68 .79 1.07 1.32 1.58
o, —h_~~J
S w20 31 39 54 68 .81 .94 1,25 1.53 {1.82
> ;5| .24 .37 .47 .65 .82 .98 1.13 1,50 1.33 2.18
- ] .28 .43 .54 .75 .95 1.12 1,29 1.71 2.08 2.47
o o) .31 .49 .62 .85 1.08 1,27 1,45 1.9 2,32 2.74
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Table 2-2.--Runoff curve numbers for selected agricultursl, suburban, and.
urban land use. (Antecedent moisture condition II, and I, = 0.28)

RYDROLOGIC S0IL GROUP

LAFD. /SR DESCRIPTION A Iy c D

Cultivated lanal/: virhout conservation treatment T2 81 8 | 51
! with comservation treatment 62 71 78 81

Pasture Or rsoge lsnd: poor conditiom 68 ™ 85 ]
good condition » €1 Th 8n

Meadow: good condition 30 58 Tl 78
Wood or Forest land: thin stand, poor cover, no muleh Ls 66 77 83
good coverl/ s | s5s {10 ]| M

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

good condition: grass cover op 755 or more of the ares 39 61 Th 8o
fair condition: grass cover on 50% to T5% of the area kg 69 9 8l

(9
Comercial and busineas areas (853 i{mpervious) 89 92 9k 95
lodustrial districte (728 impervious). 81 88 91 93

Ruldenuul:-'-/

Average lot size Average ¥ Ilperriounzl
1/8 acre or less 65 77 8s 90 92
1/ acre 3% 61 7S 83 ar
1/3 acre 30 57T T2 81 86
1/2 acre 25 Sk T0 80 8s
1 acre 20 s1 58 9 8L
Paved parking lotw, roofs, drivevays, eve.d’ 98 98 98 98
Streets and roads:
paved with curbe and storm seversd/ 98 98 98 58
gravel 16 as 89 91
drt 72 8z 871 89

L/ For s more detajlied desaription of agricultural land use curve numbers refer to
FBatiomal Pngineering Handbook, 3ection 4, Rydrology, Chapter 9, Aug. 1972.

2/ cooa cover is protected fram grezing and licvter and brusk cover sotl.

umm:::ca-puteﬂ-omu.themrrrmmmmﬂer:m
is dirscted tovards the atreet with a winimum of roof water directed to lawus
where additional infiitrestion coml? occur.

2/ St remaloing pervious arees (lawn) ece omsidered to be in good parture comdition
for these curve numbers.

Y Ia some varmer climates of the country a curve number of 95 may be used.
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272 WATER-RESOURCES ENGINEERING

TABLE 10-1 Vulues of the Roughness Coefficient n

Channel muterial n
Plastic. glass, drawn tubing 0.009
Neat cement, smooth metal 0.010
Planed nimber, ashesios pipe 0.011
Wrought iron. welded steel. canvas 0.012
Ordinary concrete, asphalted cast iron 0013
Unplaned timber, vitrified clay 0014
Castairon pipe 0915
Riveted steel. brick 0016
Rubble masonry 0047
Smooth earth 0.018
Firm gravel 0.023
Corrugated metal pipe 0.022
Natural channels in good condition 0.025
Natural channels with stones and wecds 0 035

e Very poor natural channels 0.060

noted that ¥ and Q are proportional to 1/n and S proportional 10 n? so that
values from the nomograph may be readily adjusted to any other value of n.
A situation often encountered in hydraulic engineering, particularly in
the case of sewers, is that of a closed conduit flowing partly full. Under
this condition the liquid surface is at atmospheric pressure, and the flow is
the same as that in an open channel. It is often inconvenient 10 compute
R and A for partially full sections, and it is simpler to calculate ¥ or @ for the
pipe flowing full and to adjust to partly full condiuons by use of a hant! sach
as Fig. 10-3. When the depth of flow in a circular pipe increases above 0.80.
the wetted perimeter increases more rapidly than the cross-secuional areu
because of the convergence of the pipe walls. Hence R. and consequently '
decreases. Maximum discharge occurs when d = 0.94D.
10-2 Normal depth Normal depth d, is the depth at which uniform
flow will occur in an open channel. Normal depth may be determined by
writing the Manning equation for discharge,

1.49
Q= — - ARDS® (i0-3,

and substituting for A4 and R expressions involving d and other necessaf
dimensions of the channel cross section. The resulting equation require:

1The roughness coefficient n vanes somewhat with depth of flow. This vanation i reflected in
Fig 10-). Sec ~Design and Coastruction of Sanitary and Siorm Sewers.” ASCE Moot of
mnud.mn«ummdmmmn& e
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.PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS
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PATENT PENIN

GEOFAB Sy FENCE

TYPICAL FABRIC PROPERTIES’

Material 100% spunbonded nylon reinforced with poly-
ester netting

“Weight 4.2 ozlyd.? ASTM D 1910

Thickness 10 mils ASTM D 1977

Grab Tensile 130 ibs. ASTM D 1682

Elongation To Break 25% plus or minus 3% ASTM D 1682

Mullen Burst 210 ibs. ASTM D 774-46

Water Flow Rate

470 gallons per minute/foot?

EOS.

Equivaient Opening Size 70-100 U.S. Corps ot
Engineers Guide Spec. CW02215 Nov. 1977

Cord 1/8" nylon braided installed full length of fabric

“Strangth Retention Litrauintet traated for outdoor application

Fabric Width Sup}:Iied in widths to meet local State D.O.T.
and/or Federal requirements

Standard Roll Length 150 ft.

*The above properties are average resuits and shouid not be construed as muumum of maximum

properties.

For more information on GEOFAB™ Silt Fence or other civil
engineering fabrics in the GEOFAB™ line, please contact
Mercantile Development, Inc. at (203) 226-7803, or write:

MERCANTILE DEVELOPMENT, INC.

274 Riverside Avenue

Westport, CT 06880

B - 27

Rev. 1: 6-30-83



— i —— Y

—— e freny W
& o~ oy — " Lty
] G - [ T s
l p A B 0 . . ——— L e
] ' . » -t — R DT P

@ = To S BAICST Pty

W & g W SO et e e et
[ e e e

R Rainfaoll
RT Rank!ll and Soowmalt

1 2 02_‘_?0 ) 40mivms

b L _,,?_.,,,..____:._%_.._.__'L_-___:_.___ ——_::;,_-“ -
3 (! BRI NTIEEE S
Te s LT ) I S T
T 2SR — -47V“JP' ,{ﬁﬁ:&Zﬂﬁ?“‘“ r r-7~—'ﬂ'*
L 1 - & —— | R NN
f— s ! *-r-‘"*.-ﬂ al —}(l N T K
t""'—’ h—w‘-—' - b—. - r-L_ - — F.,_,...___'__‘ -...___f. ‘.:.,_._——m
—f—*:qi._b; 3 . h}! —~ i 'g. H_h_nﬂl,-—r.?v;rﬂ.«-cﬁg
E el 2 WS N E NSNS IR SRS
l-h'- . — »T . ' [} o4 ,__J_
) t E—-‘J £ » r al -~ — '._.__.._h—-‘ r e
' ' FH.. ’E ! R H _P . Ll t
i b . = r‘“‘ ——to T r T
| : 4 ._.P-m .::.1 —g— —r——L --—J-‘- '_L____,_.._.-__.._ —f
R Vi g 20K B e
- EaseRautd it iniknas N ren
-aE" ¥4 . | 1 L . 1 Iwr .t‘!_ ‘_.'_‘L_.,".___;;_'_:'_!.__.‘.__, ]
BSR 2Vt uUNE BN BN RNt
. e L - -1 H : . i
R -RvEIA RS BE! Lh I..L+ A_{;___ﬁ_._r&__r
J‘ "."'-'—_‘ k.| | ha [P EEL < BN I N L B
caia - a . e 2t O T -1 ‘T‘- T f « ; r ] - ; .
b_.:"_;,—:l;,:LT;':t::th\:—‘ = ;_ L_hap-¥._-;..=_[_‘ .-.?'-—F_- -—:r::,s.—.:tr
o j L BIREEN W J;,J_ ~1
. ot v - I_ri-—'L A '1 | . . ' | Lo
R T Lt S S s £ MM S A VR B
- e A N N f—&—f - ( F::f—-;-_—-_;—-_.:qr ¢
-A.,.....&':-h-,,_. r——-—-t..-—-»...-."-—-—*-— 1--—----*"--T \ —y ; g[_ _.,.__,-.__._..__._-
..__.__—L——::__._..:-_J —_— g A ‘ ! /:::_L_ e .; —T T e
M= 40R - —;&: T _._d.’.__*T——E_:—_—:f‘"; —q
! [ i
' A Il - o —L_ ):__':;C_T_TA_ » .-JRL = t_-_--— L
T e
I~ +— * = i -~ T
- - I_ ] ‘_‘
[ J"" " 1 i
¢ t o X
s 1) - ?' I
DR T g +
e -P' N al -l s dal alat sl - —Lr'- A v
P H T R
' : ' i
R 4 z L+ ~ A { ]

GEMERALIZED R & KT VALUES
L GRIVERSAL SOIL LOSS EQUATION

Rev. 2:12-30-83




voaa Sy

siate [

[

TRy
CLAS Flw'\ TN SN0 piLf S'\.)"\v-__:i;b\-“\

L

T

fl-h. i l""'\.__- _'J
TR 'z'.-.\.T M “ToATE Aol REVALU] Ui MU

[N

LY S TR YT

Ll WALUR CTADLE

T B Lins,

b

o u\le ARUER \.M B Lm m\,\::.
1.- 70 L AN,

AL

S RNTLR ELE
/\L‘L‘lm\n,
00T VIQ T, Fee S

LHIES] .‘.\'\l. ,-\

h i F

SADSG I\L.l‘. AND GREANLRANID,

g shipags 1A

TR RATLLY, VUL, TTRALNER, S5 Eoan
FuE, PEAN ANNUAL PENEERATURY
ER L5 GIGIT A0S LN-CRAY -1J.q_qm A Y
‘!‘L“L‘n..,bmt_t-_-*,&\‘\fr- unu_m_e VERCENFat

s b ot e m s e v

15 47 10 54 F._ AVURAGE

DR ALY LY Hwn SHALE UN LAMS ARD. LD
ARMUAL PROITITATION

TV ANGIRS T

________i

[T I ST
!

e et

—— 3 . . TUE PNDLRLY 1N LAYER JER m_c_u a0 v-\ﬁ‘-ulv\\_ vm_um_mw J9 vP. e bl a ek
! l [ . ik - . FE— R " A " i .
2 Fooit, TESTIRATED ) <G P»\OPEﬁLlfs —
T S FRACT. PENCINT OF VATEAL LENS iy | PUAS
L] oL JSDA TEXTURE UNIFIED AASHO > THAN 1IN, PASSING UEVE LU Ty
Pl PCT) ‘ I ) 73 AT oes |
RCZ Jal j c-o0] SICL cL A-6 Q 100 100 | 95-100 | 90-95% | 25-40 | 7-20 |
L)
Il - .
T N
e 3% : EROS
; = ; AVAILAGLE SOiL - — ROSION WND
y OEPTH PERMEABI.ITY WATER CAPACITY REACTION y.“""m g;?:f"ﬁ“ CORRESIVITY FACTORs J EROD.
0o LS NN i2H) 140 CHD ENTIAL o1 CPETE J_K | 1 JRCROUP
I 0.06-0.2 0.17-0.2 7.4-9.0 %16 MODERATE nicH WIGl N
t
t !
1 ! |
i I - l — i -
| R Hign MATERTABLE :_VENTEQ PAN _ BECANLK . ‘l 50 :"E_._]
i I LS MONTHD | GETIR | HAADMESS R RARINESS | :x.T.AL, TTAL
; I oY i SomaT oy : 5 N i NG ,M
RS = v, BalET T SAN-DEG - - ad i N .
d FOCTAITESTF SANTARY FACILITIES TREFNGONY | FoOTaTEs Y SOURCE MATERIA
' HL\.-__.LLS:@._-\ 25T I ETR EESS ACTION
STETIC TANK E §T FALR - SHRINK-SwELL, wev, 102
AZ30RTION 131 RGADFILL
FIELDS S -
' [
[{ TSEVEAE = W SAND 0% {1 ENSUITED
SERAGE 2
_LAGGONS - ; 3 SAND |
T J‘_f....l
[] 15!
I T - Wes GRAVEUILL, 11 UNSCITED
SANITARY i, 100 CLAYEY, [LOODS ' 7
_— LARDFILL R GRAVEL .
_— ITRENGH ) [ T
1 17!
T1 Szvide - WET saiL 221 11 POOR - TxCESS SALT
CAMTARY MODEAASE - FLOODS l ¥R FALR - 100 CLAYEY 1
LAMSFILL ] 1| ToPsoiL :
(AREAY ' L |
1 5
T{ EAIZ - 100 CLAYEY b
DAILY ) ¢ FOSTMGTES T HWATER MANAGEMENT
CIVERFIR PONSRSIEL 1] T
LANDFILL 7 POND
. TIL o RESEFVOIR —
- H o .‘_. AREA | Y
FLOTNOTES 77 3 COWMUNITY DEVELOPMENT 1 15 i
1T S0STRASE - wir, FLOODS fTeEs 2L, (| 0w SuAivGiA, FIPING, RARD ZO PATK .. .. M
SHALLOW T2 RyEANRUENTD w ]
EXCAVATIONS 3 DIKES AMD -
i < LEVEES
! 15
1i_SEYIRE - FADST ACTIQN, FLOODS FONDAQI2S ! T Siow REFILL, DEEP TO WATZR
DEILLINGS T HOTIZATE « WEL, 1QW STRENGTH, SERIN-SWill 7. EXCAVATED
WTHCUT L 13 PONDS . -
ZASERENTS i. AQUIFER ___
v 13 FED
L[ sevEae - wET, FLOODS TREIN 123%. (] EaCess SalT. PERCS SLOWLY .
THELLINGS MODZAATE - SERINK-SWELL, LOW STRENGYH : I
T4 ' 1:  DRAINAGE .
BASELENTS i [
[ Ve .
| IRRIG 271 L] _ExXGESS SALT. WEI
SMALL T 12k
CLMHERCIAL | “13E  IRRICATION
BUILDINGS i ¥
1 Hr —
[[|__SeviRe _-_FROST ACTION TERRAG{721 . [ woT_NEEDED
LoCas MODERASE - SHAINA-SWill, FLOODS, LOW STRENGTH ' 7. TERRACES
aGAZS AND T S ARD
TTREETS : 34 LIVERSIGNS
[} (KN i
WATEAW| 2314 — []_SOT REEDED
FACTNGTES 7, RESIDNAL INTERPRETATIGNS T | 7; GRASSED
: DY waveawars L
— i L -
— [ § S - T B - 29
—_ as
Rev.

2:12-30-83



SOIL SURVEY INTERPRETATIONS ’
Kins 9F UNT[ g rst 1 Ron MO ooy 1oa

RTRERTS CLE L pATE LA ] REvsebt unit MoK - o

AR Y
,.'.u hD l‘d.'——‘
SnirTiuh

[ e e e ek —— e e i - A Il - i L
- Ly U8R ALL VERY _DEIR, ,kTELLfZMQIT.Q;_F_MHZOVS..._5T‘!QI‘GLYJ-E-L-"~‘\¥1 S0IL§ _FOMED 13 ALLUYI VY _FROY. N
l‘ Ao e MATIRE SiLES AND_SALEIONL OF ALLUTIAL Fpis N-‘DF..OO,')PU\J,\'S el STARGE STAUDS DF RICXLEWEED ABR e N {
e MAST 18 43 TC.545F.. ik 15 .6 10 10 INCLIS..  NITU IS 21079 130 DAYs. LA TXFICAL PEQFILE LAS A LICHT ) - L
. SUAFACE Lopiy 1l INGIHES _RHI1CK,  THE ;(E:_’_l_';(_:__&\"gi\_}_‘s__l.lgu': EROwLISH- . |
N i

CLTLLoNT DROWLISH-CHAY e
< e i LOR, TO 6 IuCLLS OR NERE, (SIOPES ARZ 1 10 3 Tk :
; : [STVATED S0/ PEUPEAT.E

ek et

e TRALT, FERLEn GF MATERIAL LELW
Pt usus TETTURE URiFIED AATHD ES 1N Tty 3 PATWNG SIEVE O

W PCT X K ¢ | = ! INDEX
TTTTL T, Cr P 0 106|100 1 85-95 [60.75 [20-30 | 5«10
e L QL CL-FL AL 0 108 100 6595 | 60-75 2630 | 5-10

Lgup | PLAz

i — = = &L e
' ‘ oy LoAABLE | SALINTY SnRALSVEL CORRGVITY TRIEh WD,
. : - REAZT e T ERT A racmies @ EROD
b ; W< 20O CTERTIAL r—'—(:s—z—— r:'.T:EE_ﬁ "F—T—Tf' GR:’_’.LP_'_
- | § -omib L Lov WGR ) HIGH 55 - Ma oast= 1070
’ . T 10w KiGH I v1GH 55 | .
- I i ‘ WSC = 2,0 - 4,0
_ : i f
._ i . T
v \ ! i . PEAGABILITY 15 SLOW
i avg | POTENTIAL
!_ 'a: FRIST
: B ACTION
: i
KEVLON.Y | STES T
B R e T Frik - LOW STOJCIH
4 . oT o h
T ageT T RoaaniL
1
TAND [ UNSUITED
| SAND
T3 T ]
SRAY ] wisvitzn
GRAVEL 1
]
| | POOR = EXCESS SALT, EXCESS ALXALI
ToPSOIL
i _ ]
- WATER MANAGENENT
COMMUNITY CEVELOPYENT ~
iy L s 5] ;
' T EVBANKUINTS — ]
o T3y GiEsang . . —
1 T LEwiis
! o Ty 1<
(I MCoERATE - LOW STRENSTE EELFRIEER) [ ] NG WATZR
_ Trooonis [ {7 EXCAVATED . ]
E e L i PONTS -
s - T ASAFER
v T [ (B Foo
. o Li _MODERATE = LOW STRENGThR CRAM {ivifi l
. PEIR . ) T
i wTe TRAINAGE
Tt BAIINEATS .
- Y
b [} F0zRATE - LoW STRENGIH RE-§ i — ]
et VAL _
Jh RowWERDAL i IRRIGATION
+ ! B, DS 14 ]
B R ——— =1
" : WDLFATL - LOW STasScz® . . JIERSACIZa [ E&0DE5 EASTLY. .
B Lok e o C1Td TiwRaCrs .
LR RS SN SEEY| AND AR ]
: 3 e o vEaMONS R, ; —
. S = B AT ) -
_ : SAERNE 11 ERUDES ZASILY, EXCESS SALT, EXCESS ALKALY __ ___|
T I L REGIDNAL INTERPRLTATIONS o [.-}i chatste 1 L e e _
|- . Py EBATLRBAYS . e e m et
: : - - 1 - —— s = - .
te - ——— - W ' ' s —m—————— T T TR
. il - e e em S ek
:
D -

Revr



‘hf{.' B -31

Rev., 2: 12-30-83.



Typical topsoil K Values!/ (SCS, 1978).

Surface Layer Texture Estimated K Value
Clay, clay loam, loam, silty clay 32
Fine sandy loam, loamy very fine sand, sandy loam .24
Loamy fine sand, loamy sand A7
Sand 15
Silt loam, sty clay loam, very fine sandy loam 37

Note: These values are typical based only on textural information. Values for

an actual soil can be considerably different due to different structure
and infiltration.

Source: "Applied Hydrology and Sedimentology for Disturbed Areas";

Barfield, Warner and Haan; 1981, Table 5-5, p. 330.
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Parcent Slope Length in Feet
Slopg 300 400 500 600 700 800 900 1000 1100 1200 1300 1500 1700 2000
0.2 0.1 ¢.12 0.13 0.14 0.15 0,15 ¢.16 0,16 0.17 ¢.17 0.18 0.19 0.19 0.20
0.3 0,12 0.13 0.14 0.15 0.16 0.16 0.17 0.18 0.18 0.18 0.19 0.20 0.21 0.22
0.4 0.13 0.14 0.15 0.16 0.17 0.17 0.18 0.19 0.19 0.20 0.20 0.21 0,22 0.23
0.3 0.14 0.15 0.16 0.17 ¢.18 0.18 0.19 0,20 0,20 0.21 0©.21 0,22 0.2) 0.24
1.0 0.18 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.27 0.27 0.28 0.29 0.30 0.32
2.0 0.28 0.31 0,33 0.34 0.36 0.38 0.39 0.40 0.4l 0.42 0.43 0.45 0.47 0.49
3.0 0.40 0.44 0.47 0.49 0.52 0,54 0.56 0.57 0.59 0.61 0.62 0.65 0.67 0.
4.0 0.62 0.70 0.76 0.82 0.87 0.92 0.96 1.01 1.04 1.08 1.12 1.18 1.2% 1.33
3.0 0.93 11.07 1.20 1.31 1,42 1,52 1.61 1,69 1.78 1.86 1.93 2,07 2,21 2.40
6.0 .17 1.35 1.50 1.65 1.78 1.90 2.02  2.13 2.23 2.3 2,43 2.6y 2.77 3.01
8.0 1,72 1.98 2.22 2.43 2.62 2.81 2.98  3.14  3.29 3.44 3,58 3,84 4.09 4.44
10.0 2.37  2.74 3.086 3.36 3.62 3.87 4,11  4.33 4.54 4.7 4,94 5.30 5.85 6.13
12.0 3.13  3.61 4.04 4.42  4.77  5.10 5.41 5.71  5.99 6.25 6.51 6.99 7.44 8.07
14.0 3.98 4,59 5.13 5.62 6,07 6.49 6.88 7.26 7.61 7.95 8.27 8.89 9.46 10,26
16.0 4,92 5.68 6,35 6.95 7.51 8.0) 8.52 8,98 9.42 9.83 10.24 11.00 11,71 12,70
18.0 5.95 6.87 7.68 8.41 9.09 9.71 10.30 10.86 11.39 11.90 12,38 13.30 14.16 15.36
20.0 7.07 8.16 9.12 9,99 10,79 11.54 12.24 12.90 13,53 14,13 14,71 15.80 16.82 18,24
25.0 10.20 11.78 13.17 14.43 15.59 16.66 17.67 18.63 19.54 20.41 21.24 22.82 24,29 26.35
30.0 13.78 15.91 17.79 19.48 21.04 22.50 23.86 25.15 26.38 27.55 28.68 30.81 32.801-—-———
40.0 21,92 25.31 28.30 31.00 33.48
350.0 30,87
60.0
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SLOPE-EFFECT TABLE (TOPOCRAPHIC FACTOR, LS)

£8-0E~-¢T ¢ "a3Y
R 4 A -

Percent Slope Length in Feet
Slope 10 20 40 60 80 100 110 120 130 140 150 160 180 200
0.2 0.0 0.05 0.06 0.07 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.09 0.10 0.10
0.3 0.04 .05 0.07 0.08 0.08 0.09 0.09 0,09 0.09 0.10 0,10 0.10 0.10 0.11
0.4 0.05 0.06 0.07 ¢.08 0.09 0.09 0.10 0,10 0.10C 0.10 0.11 0,11 0.11 0.11
0.3 0.05 0.06 0.08 0.08 0.09 0.10 0.10 0.10 0.11 0.11 o0.11 0,11 0,12 0.12
1.0 0.06 0.08 0.10 0.11 o0.12 0.13 0.13 0.14 0,4 0.14 0.15 .0.15 0.15 0.16
2,0 0.10 0.12 0.15 0.17 0.19 0.20 0.21 0.21 0,22 0.22 0.23 0.23 0.24 0.25
3.0 0.4 0.18 0.22 0.25 0.27 0.29 0.30 0.30 0.3 0.32 0.32 0.33 0.34 0.35
4.0 0.16 ©0.21 0.28 0.33 0.37 0.40 0.42 0.43 0.44 0.46 0.47 0,48 0.51 0.53
5.0 0.17 0.24 0.3 0.41 0.48 0.54 0.56 0.59 0.6l 0.63 0.66 0.68 0.72 0.76
6.0 0.21 0.30 0.43 0.52 0.60 0.67 0.7 2.74 0.77 0.8¢ 0.82 0.85 0.90 0.95
8.0 0.31 0.446 0.63 0.77 0.89 0.99 1.046 1,09 1.13 1.17 1.21 1.25 1.33 1.40
10.0 0.43 0.61 0.87 1.06 1123 1.7 1.44 1.50 1.56 1.62 1.68 1.73 1.84 1.94
12.0 0.57 0.81 1.14 1.40 1.61 1,80 1.89 1.98 2.06 2.14 2,2y 2.28 2,42 2.55
14.0 0.73 1,03 1.45 1.78 2,05 2,29 2.41  2.51 2,62 2.72 2,81 2.90 3.08 3.25
16,0 0.90 1.27 1.80 2.20 2.54 2,84 2.98 3.11  3.24 3.36 3.48 3,59 3.8 4,01
18.0 1,09 1.5 2.17 2.66 3.07 3,43 3.60 3.76 1.92 4,06 4,21 4.34 4.6) 4.86
20.0 1.29 1.82 2.58 3.16 3.65 4,08 4,28 4.47 4,65 4,83 5,00 5.16 5.47 5.77
25.0 1.86 2.63 3.73 4.56 5.27 5.89 6.18 6.45 6,72 6.97 7.22 7.45 7.90 8.33
30.0 2.52 3.56 5.03 6.16 7.11 7.95 8.34 8.71 9.07 9.41 9,74 10.06 10,67 11,25
40.0 4,00 5.66 8.00 9.80 11.32 12.65 13.27 13.86 14.43 14.97 15.50 16.01 16.98 17.%0
50.0 5.64 7.97 11.27 13.8@ 15.94 17,82 18.69 19.53 20.32 21.09 21.83 22.55 23,91 25.21

60.0 7.32 10.35 1l4.64 17.93 20.71 23.15 24.28 25.36 26,40 27,39 28.36 29.29 31.06 32.74



"c" YALUES POR PERMANENT PASTURE, RANGELAND, AND IDLE LAND -

1/

Vegetal Canopy

Cover that Contacts the Surface

Type and Height
of Raised Canopy 2/

Column No.

or short brush
(0.5 m fall ht.)

Appreciable brush
or bushes
(2 m fall ht.)

Trees but no appre-
ciable low brush
(4 w fall ht.)

Canopy
Cover 3/ Type 4/ Percent Ground Cover
4 0] 20 40 | 60 80 95-100
2 3 4 5 6 7 8 9
No appreciable canopy G .45 1.20 .10 |.042 .013 .003
w .45 1 .24 .15 ]1.090 043 011
Canopy of tall weeds 25 G .36 | .17 .09 |.038 | .012 .003
W .36 }.20} .13 ].082 | .041 011
50 G .26 .13} .07 }.035 .012 .003
1 .26 }.16 .11 1.075 | .039 .011
75 G .17 .10 .06 |.031 .011 .003
W .17 1.12 .09 |.067 | .038 .011
25 G .40 .18 .09 1.040 ,013 .003
W .40 .22 .14 | .085 | .042 .011
50 G .34 |.16 .085}.038 | .012 .003
w .34 .19 .13 1.081 | .04l .011
75 G .28 | .14 .08 |.036 | .012 .003
w .28 | .17 .12 1.077 .040 .011
25 G .42 ]1.19 .10 }.041 .013 .003
w .42 1.23 .14 | ,087 | .042 .011
50 G .39 .18 .09 } .040 .013 .003
W .39 1.21 .14 1.085 042 .011
75 G .36 | .17 .10 | .039 .012 .003
W .36 | .20 .13 | .083 .041 011

1/ All values shown assume:

(1) random distribution of mulch or vegetation,
and (2) mulch of appreciable depth where it exists.

2/ Average fall height of waterdrops from canopy to soil surface: m = meters.

3/ Portion of total-area surface that would be hidden from view by canopy
in a vertical projection, (a bird's-eye view).

4/ G:
or

W: Cover at surface is mostly broadleaf herbaceous plants (as weeds) w

little lateral-root network near the surface, and/or undecayed residue.

Rev. 2:
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Cover at surface is grass, grasslike plants, decaying compacted duff,
litter at least 2 inches deep.
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l TYPE Il STORM DISTRIBUTION
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u
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o= 20
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PEAX RATES OF DISCHARGE FOR SMAL! WATERSHEDS

SLOPES - FLAT
CURVE NUMBER - 75

24 HOUR RAINFALL FROM US #B TP 40

PEAK DISCHARGE IN CUBIC FEET PER SECOND
8 5 83885

i RO L IR AT
DRAINAGE AREA IN ACRES
Exhibit 2-10

EFM Notice-4, 5/T1

: STANDARD DWG. NO.
“Chapter 2. Engi . U. 8. DEPARTMENT OF AGRICULTURE ES- 1027
pter 2, Engineering Field Manual SOIL CONSERVATION SERVICE eEr & OF

for Conservation Practices™

ENGINEE - HYDROLOGY BRANCH
GINEERING IXVISION /] pATE 2-18-71

_ B - 36
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PEAK R/ .TES OF DISCH.ARGE FOR SMALL WATERSHEDS
TYPE L STORM DISTRIBUTION

SLOPES - FLAT
CURVE NUMBER - 80

24 HOUR RAINFALL FROM US WB TP-40

o ool 8 % 3 832888 g 8 §___§§§_§_§_§_ __%

A e A A A S

‘

PEAK DISCHARGE IN CUBIC FEET PER SECOND

- A T T A T
o © ~oog 8 8 9 8 8R823 g8 8 8 8 8Rg83 g
DRAINAGE AREA IN ACRES
Exhibit 2-10
EFM Notice-h, 5/71
REFERENCE STAMDARD DWG NO.

U. 8. DEPARTMENT OF AGRICULTURE ES- 1027
SOIL CONSERVATION SERVICE SHEET 5 OF 21
INE NG DIVIS - 3 »
ENFI-NE.ERXW DVISION - HYDROLOGCY BRANCH DATE 1;1_5_-_2 ~

“Chapter 2, Engineening Field Manua)
tor Conservation Practices”™

»

B - 37
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PEAY RATES OF DISCHARGE FOR SMALL WATERSHED®

TYPEIL STORM DISTRIBUTION

SLOPES - FLAT
CURVE NUMBER - 85

24 HOUR RAINFALL FROM US WB TP A0

5 5 5BEEE8

PEAK DISCHARGE IN CUBIC FEET PER SECOND
g

—

DRAINAGE AREA IN ACRES
Exhibit 2-10

EFM Notice-h, 5/71

2000

s & 883883

D]
L=

<

[C RN Y e

S R O I R T R

MEFERENCE

U. 3. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEER! SG DIVISION - HYDROLOGY BRANCH

“Chapter 2, Engineering Field Maoual
for Conservation Practices™

STANDARD DWG M.
£S5 1027

SHEET 6 __ OF _21
DATE __ 2:18-74 _
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PEAK RATES OF DISCHARGE FOR SMALL WATERSHEUS
TYPE IL STORM DISTRIBUTION

SLOPES - FLAT
CURVE NUMBER - 90

24 HOUR RAINFALL FROM US WB TP 30

s 5 £E3ESE

3

PEAK DISCHARGE IN CUBIC FEET PER SECOND
8 & 883885

A T B RN éééfgé'““ ‘é
DRAINAGE AREA IN ACRES
Exhibit 2-10
EFM Notice-lk, S5/T1
REFERENCE STANDARD DWG. WO
“Chapter2 , Engineering Field Manuat wm%‘mgoﬁgg fi':roz: _—

for Conservation Practices”

'E. GY NCH
ENGINEEKING DIVISION HYDROLOGY BRA! cate _ 218-71

P —— _ R B - 39
- Rav. 2: 12-30-83




. Subject Culvert Adequacy for Vegetative

-

Filter Drainage Area (A9-1431) - Culverts
Installed in Parallel Under Access Road

—

Checked

Acc't
Date

CALCULATION NOTES
By__ BAF

December 18 1983

Sheet No.

1

of

5 Sheets

Culvert capacities are calculated using the Manning Equation for Discharge:

Q = 1.486/n AR 2/3 $1/2 where Q = Capacity in CFS, n - roughness coefficient,

A = area in square feet, R - hydraulic radius = area/wetted perimeter, and S = slope
| in feet per feet.
|
' Wetted

Culvert  Culvert Roughness Dia. Slope Areg Perimeter  Capacity

No.(1) Material Coefficient(2) (in) (ft/ft) (ft (ft) (cfs)

' i
Q1 Corrugated 0.022 24 10.0333 3.14 6.28 24.39
, .
v (2 Corrugated 0.022 18 10.0472 1.77 4.71 13.63
|
!,.CS Corrugated 0.022 18 {0.0315 1.77 4.71 11.13
(8 Cement 0.010 24 10.0040 3.14 6.28 18.60
l
b TOTAL CAPACITY 67.75 cfs
!

Peak flows through culverts are based on a 1C year - 24 hour precipitation event.
Peak flow values are developed from SCS nomographs based on drainage area, drainage
. slope and hydrologic curve numbers as follows:

Drainage
Area

Vegetative
Filter

,‘
®

1
[}
!

Acres(3)

310

Rev.

B_
2:

Curve
No.(4)

82

40
12-30-83

Culvert capacities exceed the 10 year - 24 hour peak flow

Peak

Flow(CFS)(5)

44



Subject Culvert Adequacy for Vegetative
Filter Drainage Area (A9-1431) - Culverts
‘Installed in Parallel under Raw Coal Tracks

—
!

T

Culvert capacities are calculated using the Mannin
Q = 1.486/n AR 2/3 S1/2 where Q = Capacity in CFS, n -
A = area in square feet, R - hydraulic radius = area/we
| in feet per feet.
!

o

CALCULATION NOTES

By  BAF
Checked

Acc't
Date December 18 1983

Sheet No. 2 of 5  Sheets

g Equation for Discharge:
roughness coefficient,
tted perimeter, and S = slope

Wetted '

Culvert  Culvert Roughness Dia. Slope Are Perimeter Capacity
1 No.(1) Material Coefficient(2) (in) (ft/ft) (ft") (ft) (efs)
3 Cement 0.010 24 lo.0020 | 3.14 | 6.28 | 13.15
roC9 Cement ~ '0.010 24 10.0023 3.14 6.28 14.10
' C14 | Cement 0.010 24 |0.0100 | 3.14 | 6.28 | 29.41
'g. TOTAL GAPACITY 56.66 cfs
|
| |

Note: There is one additional 24" culvert under the D&RGW mainline in parallel

with these culverts.

Peak flows through culverts are based on a 10 year

- 24 hour precipitation event.

Peak flow values are developed from SCS nomographs based on drainage area, drainage

. slope and hydrologic curve numbers as follows:

Drainage Curve
_ Area Acres(3) No.(4)
Vegetative 310 82
Filter

Culvert Capacities exceed the 10 year 24 hour peak flow

B - 41
Rev. 2: 12-30-83

Peak
Flow(CFS)(5)

44



CALCULATION NOTES

. Subject Culvert Adequacy for Culverts By_ BAF
Entering the Auxiliary Pond (F9-177) ° Checked
Acc't
i Date December 18 19 83

Sheet No. 3 of &5 Sheets

Culvert capacities are calculated using the Manning Equation for Discharge:

Q = 1.486/n AR 2/3 S1/2 where Q = Capacity in CFS, n - roughness coefficient,
A = area in square feet, R - hydraulic radius = area/wetted perimeter, and S = slope
in feet per feet.

Wetted
Culvert  Culvert Roughness Dia. Slope Areg Perimeter Capacity
No.(1) Material Coefficient(2) (in) (ft/ft) (ft") (ft) (cfs)

?_

10 |Cement 0.010 36 p.0010 7.07 9.42 | 27.44
Cl Cement " 0.010 24 [.0069 3.14 6.28 24.43

Note: Two culverts, one under the main access road and one under the access to the car
dumping station at the track hopper, are evaluated together (C10) because they
act in series with no significant incramental drainage area.

Peak flows through culverts are based on a 10 year - 24 hour precipitation event.

. Peak flow values are developed from SCS nomographs based on drainage area, drainage

slope and hydrologic curve numbers as follows:

Drainage Curve Peak
__Area Acres(3) No. (4) Flow(CFS)(5)
C10 0.45 78 <5
C1 2.27 86 <5

Note: Culvert Ci1 will not be subject to peak flow runoff after the Road Pond is
constructed.

Culvert capacities exceed the 10 year 24 hour peak flow

B - 42
Rev. 2: 12-30-83



CALCULATION NOTES

Subject Culvert Adequacy for Culvert By BAF
Under Road to Refuse Pile (F9-177) and Checked
" Culvert Under Road by 0i1 House (F9-177) Acc't _
o Date December 18 19 83
P: o Sheet No. 4 of 5 Sheets

Culvert capacities are calculated using the Manning Equation for Discharge:

Q = 1.486/n AR 2/3 S1/2 where Q = Capacity in CFS, n - roughness coefficient,
A = area in square feet, R - hydraulic radius = area/wetted perimeter, and S = slope
in feet per feet.
Wetted
Culvert Culvert Roughness Dia. Slope Areg Perimeter Capacity
No.(1) Material Coefficient(2) (in)  (ft/ft) (ft") (ft) (cfs)
’ |
€12 Corrugated 0.022 24 0.0300 3.14 6.28 23.15
C13 Corrugated 0.022 18 0.0100 1.77 4.71 6.27

t
|
!
i
t
i
!
!
i
i

Peak flows through culverts are based on a 10 year - 24 hour precipitation event.
- Peak flow values are developed from SCS nomographs based on drainage area, drainage
:s]ope and hydrologic curve numbers as follows:

Orainage Curve Peak
Area Acres(3) No.(4) Flow(CFS)(5)
: Ci2 7.40 83 <bh
3 C13 1.85 87 <5

Culvert capacities exceed the 10 year 24 hour peak flow

i " ' B - 43
‘ Rev, 2: 12-30-83
i



CALCULATION NOTES

; Subjectﬁ_CU1vert Adequacy for Vegetative By BAF -
' Filter Drainage Area (A9-1431) - Culverts... Checked

| Which Allow Railroad Culverts to Act in Acc't \

. Parallel Date December 18 1983

Sheet No.__ 5 of % Sheets

1

Culvert capacities are calculated using the Manning Equation for Discharge:

Q = 1.486/n AR 2/3 S1/2 where Q = Capacity in CFS, n - roughness coefficient,
A = area in square feet, R - hydraulic radius = area/wetted perimeter, and S = slope
in feet per feet.
| Wetted
Culvert Culvert Roughness Dia. Stope Are Perimeter Capacity
No.(1) Material Coefficient(2) (in)  (ft/ft) (ft%) (ft) (cfs)
i —
; —_ ——— . o
c4 Cement 0.010 24 0.0141 3.14 6.28 34.92
. C6 Corrugated | 0.022 24 | 0.0320 3.14 6.28 23.91
E c7 Corrugated 0.022 18 0.0100 1.77 4.71 6.27

Culverts are adequate to equalize runoff

References:

Drawing No. F9-177 Sheet 1 of 2

Page B-23

Drawing No. A9-1341 for Vegetative Filter Drainage Area;
Drawing No. F9-177 for all other drainage areas

4) Drawing No. F9-177 and page B-3

5) Pages B-35 thru B-39

L N —
e e

B - 44
Rev. 2: 12-30-83
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West of the Frice River

During reclamation, all structures and facilities, excluding
the Road Fond and Heat Dryer Fond, will be removed and the surface
graded to the configuration shown on E9-334%2. It is the Operators
intent to maintain approximately the same drainage patterns
shawn on F9-177: ’

Approximately 3JF10 acres drain through the northwest end
of the permit area and pass through a vegetative filter
between the D¥RGW mainline and the river (sse AY-14731).
The area disturbed by the Operator 1s minimal compared

to the entire drainage area. The disturbed areas will
not reguire surface grading, but will be revegetated according
to the revegetation plan. Fost mining drainage patterns

will coentinue to be coursed through the vegetative filter
hoth during and after reclamation.

Approximately 281 acres of undisturbed land drain into
the diversion ditch west of the plant area. The Operator
intends to maintain this ditch during surface reclamation
to minimize surface +Flow over newly graded areas. Long
range plans for the coarse refuse pile encroach on  the
cutlet basin of this ditch. The Operator has committed
to submit plans in a timely manner for extendimg this ditch
past the refuse pile as a technical revision when it becomes
necessary to inundate the outlet basin. During reclamation,
the drainage pattern shown on A9-1431 and F9-177 will be

maintained. When reclamation is considered successful
in accord with the success «tandards, the ditch will be
graded to the configuration shown on EY-3342, where all

drainage will pass through the culverts under the DLRGW
mainline.

The drainage ditch adjacent to the east side of the course
refuse pile has a drainage area of some 13 acres. This
area primarily includes the equipment and material storage
vard. The Operator does not anticipate any swface grading
in this area except on the Course Refuse File. Areas will
be revegetated in accord with the revegetation plan. During
reclamation, the silt fence (or equal sediment filter)
will be maintained in the ditch draimnage to trap any sediment
carried by runoff. When revegetation is successful, the
sediment filter will be removed and the ditch slopes graded.
Surface drainage will continue to flow this direction after
reclamation because of the presence of the clean coal tracks
which belong to the Denver and Rio Grande Western Railroad.

The Road Pond will be maintained during reclamation for
sediment control. Since the plant area will reqguire extensive
building demolition and grading it will be necessary to
maintain the pond until the area is adequately revegetated.

B - 45
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When
will

The & acre drainage area shown on F?9-177 will be graded

such that runoff from the area will enter the FRoad Fond.

The culvert between the Auxkiliary Fond and Road Fond will

be removed at the time the Auxiliary Fond is graded. The

Operator will then install the discharge structure, described
in this section, for pond dewatering (E9-74X2%9). When reveg-

etation is successful, the decant structwe and pipe will

be removed and the pond graded to the configwation shown

on E9-3342. Surface drainage -will flow to the culvert

under the tracks by the Heat Dryer.

The Heat Dryer Fond will be maintained during reclamation
for sediment control. Drvyer demolition and grading necessita
that the pond be maintained until the area 1is revegetated.
The one acre drainage area shown on F9—-177 will be graded
to course surface runoff into the pond. The scrubber dischar
ditch and outside sump will be removed duwring building
demolition and the decant structure and pipe described
in this section will be installed (E9-3433). When revegetati
is successful, the decant will be removed and the pond
graded to the configuration shown on E9-3342. Surface
drainmage will then cowse through the adiacent culvert
under the DLRGW tracks and into the fields by the river.

East of the Frice River

the slurry pond area is reclaimed, two diversion ditches
channel the runoff from undisturbed areas around the regraded

surface. The drainage areas shown on Technical Revision No. |

o

the pond area will be maintained, except for the diversion

ditch around the lower pond. Referring to F9-177, and TR No. 1

The pump house and deep well will be demolished, graded

and reveqgetated 1in accord with the plan. The silt fence

(or equal sediment filter) will be maintained until a succoess
stand of vegetation is established. Onee  revegetated,

the sediment Ffilter will be removed and suwrface runoff

will couwrse into the Frice River.

Refer to TR No. 1 for a discussion on the permanent diversion
diteh adjacent to the MNorth Dike.

A permanent diversion is proposed in this section to channel
runoff from the undisturbed area away from the reclaimed
pond surface. This ditch will outlet into the Clear Water
Fond during reclamation so that the impoundment does not
have to be altered. When revegetation is successful, the
Clear Water Pond will be reclaimed and the diversion ditch
channel extended to discharge directly into the Price River,

The slurry pond area will be graded such that as much of
the surface runoff as is possible will drain into the Clear
Water Pond. When reclamation of the ponds is successful,
the impoundment will be graded to the configuration shown

B - 46
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on  E9-3342. After the Clear Water dike 15 graded, surface
runoff will pass through the culvert (shown on C2-1292)
under the county road and discharge 1in the undisturbed
area between the road and the river.

Revegetation success standards are discussed in the reclamation
plan. The Operator will sample surface water inflows into sediment
control structures. When inflows meet effluent limitations
and revegetation is considered successful, sediment control
structures will be removed.

The area is generally flat hoth east and west of the Frice River.
When zediment contrel structures are removed, suwface runoff
will course toward the FPrice River from all areas.

All runoff from the reclaimed areas west of the river must pass
through a culvert under the DXRGW mainline. Because the area
is flat, flow velocities are not expected to be significant.
Drainage channels are expected to be stable and erosion will
not be significant.

The major drainages east of the river are diverted away from
the reclaimed pond surface. Erosion protection and channel
stability are evaluated in the ditch design. The grade over
the reclaim=ed pond surface is not significant and drainage channels
are eipected to be stable.

B - 47
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CALCULATION NOTES
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The Clear Water Pond will be maintained during reclamation for
sedimentation control. A complete hydrologic evaluation of the slurry
pond area is included in Technical Revision No. 1. Runoff quantities
developed in TR No. 1 will be used in this evaluation with the exception
of the pond surface areas, which are recalculated.

The Operator proposes to use topsoil which will be borrowed from
the designated area to reclaim the pond surface area. This soil type
is a mixed alluvial land deposited by river flooding. The "Soil
Survey - Carbon Emery Area, Utah", SCS and BLM, does not assign this
soil type to a specific hydrologic soil group due to the variability in
locations. The majority of the soils in the plant area are hydrologic
group C, with some A, B, and D classifications. Because of the pre-

. dominance of the C group, the Operator has assigned the Mx series as

hydrologic soil group C.

t
|
i
i
|

‘. Drainage areas into the Clear Water Pond include Reach A, Reach

Ws  point 1, Point 2, Point 3 and both the Upper and Lower Pond surface
E areas. These drainage areas are shown on drawing No. A9-1429 of TR

! No. 1. It should be noted that,

. volumes are developed in TR

Point 1
Point 2
Point 3
Reach A
Reach B

Total

Reaches 1 and 2 drain into the per-
. manent diversion ditch discussed in TR No.
No. 1l:

The following runoff

100 Year-24 Hour Event

1.530
2.165
2.440
22.856
11.506

40.497 Acre Feet

‘ The area capacity curve for the Clear Water Pond is included on
Page B- 62. The water intake tower, shown on page B-63 shows that

- the live storage volume in the pond is 18.25 feet below the overflow.

. From the capacity curve, this indicates that the pond contains some

Rev.
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RUNOFF CALCULATION (Reclaimed surface only)

Soil type: Mixed Alluvial Land (Mx) (ref. dwg. E9-3339)
Hydrologic Soil Group: C
curve No.: 78 (ref. page B-22 for cultivated land with

conservation treatment)

Drainage area: 209.38 acres
Runoff Volume: 16.53 acre feet for 100 year-24 hour event

(ref. pages B-2 for methodology and B-17 for
storm intensities - Appendix B, ORP)

Soil loss is evaluated as described on page B-~2 (revised persuant

, to this submittal). Factors used in the Universal Soil Loss Equation

(USLE) are referenced on pages B-28 thru B-35.

Soil erodability factors (k) used in the USLE were developed
based on soil texture descriptions from the "Soil Survey - Carbon

Emery Area,

Utah". The Sn (Shaley Colluvial Land) and Mx (Mixes

Alluvial Land) series are not associated with a specific soil type, so
the data from the Operator's soil testing program was utilized. All
other pertinant soil types within the drainage area are associated
with a specific soil texture.

Soil

» Series (1)

CeE2
PdC?2
Ry

©8n

®

Mx

Soil

Texture k Factor(3)
Very fine sandy loam(2) 0.24
Very fine sandy loam(2) 0.24
Rock land with sandy loam(2) 0.24

Soil Sample(4) %Sand %Clay %Silt

1WT 49.2 27.2 23.4
10WT 25.4 35.8 38.7
Average 37.3 31.5 31.1
Clay loam(5) 0.32
11wP 18.7 37.8 43.4
Silty clay loam(5) 0.37

(1) Technical Revision No. 1, Dwg. No. C9-1283

(2) "Soil Survey-Carbon Emery Area, Utah", SCS and BLM, Dec. 1970
(3) .Referenee page B-32,

(4) "Reference Appendix H, page 44

(5) Reference page B-31.
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SOIL LOSS CALCULATION (Total drainage area)

Drainage Soil 3 Year
Area Series Acres R k LS c S0il Loss(CF)

Point 1 Sn 11.02 20 0.32 0.31  0.45 694

Point 2 sn 15.61 20 0.32 0.21  0.45 666

Point 3 Sn 10.10 20 0.32 0.43  0.45 883

Ry 16.07 20 0.24 0.43 0.45 1,054

Reach A Sn 92.66 20 0.32 0.17  0.45 3,202

Ry '  21.58 20 0.24 0.17 0.45 559

CeE2 97.80 20 0.24 0.17 0.45 2,535

Reach B Sn 15.61 20 0.32 0.17 0.45 539

" Ry 61.52 20 0.24 0.17 0.45 1,595

PAC2 19.28 20 0.24 0.17 0.45 500

CeE2 36.73 20 0.24 0.17 0.45 952

Reclaimed

surface Mx 209.38 20 0.37 0.06 0.45 2,953

16,132 CF

POND STORAGE REQUIREMENT

!
‘:
|
i 3 Year Soil Loss = 0.37 AF
1
i

, Surface runoff-undisturbed 40.50 acre-ft.
! Surface runoff-reclaimed ponds 16.53 acre-f£t.
| Soil loss-3 year accumulation 0.37 acre-ft.

Total Requirement 57.40 acre-ft.

The Clear Water Pond can adequately contain the 100 year-24 hour
precipitation event with no outflow (page B-62). (Note: the overflow
structure described in TR No. 1 will be maintained as an emergency
overflow. Because of the pond capacity, however, the Operator does
not anticipate the water level approaching the overflow elevation during
.reclamation 3.

B - 60
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The pond dewatering structure is shown on Drawing No. C9-1293 .
The Operator will maintain a sediment level in the pond not to exceed
six inches from the bottom of the intake of the dewatering structure.
' Pond dewatering will occur after a minimum of 24 hours detention time.

Rev.
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The Operator proposes to construct a permanent diversion ditch to
divert runoff from the undisturbed areas in Reaches A and B at the time the
slurry pond area is reclaimed. The proposed ditch will be coursed around
the southeast perimeter of the Lower Refuse Pond reclaimed surface as shown
on Drawing No. E9-3342. The Operator feels that a permanent diversion is
necessary to insure that the pond reclamation scheme is not altered by the
potential erosion hazards of coursing a significant drainage area across
the reclaimed surfaces.

A complete hydrologic evaluation for the slurry pond area is included
in Technical Revision No. 1, Appendix C. Design capacities in the proposed
ditch are based on the peak flow of 24.20 cfs, which was established by
combining the unit hydrographs for Reach A and B for a 100 year - 24 hour
precipitation event.

The Operator proposes to construct the ditch such that it discharges

‘.into the Clear Water Pond during reclamation (sizing of the Clear Water

Pond as a sedimentation Pond includesthe 100 year storm inflow from Reaches

T A and B). When the Clear WAter Pond is reclaimed, the diversion ditch

will be extended as shown on Drawing No. E9-3342.

. Timing of the diversion ditch construction is as follows:

1. Construct ditch lengths D1 to D2 as designed prior to surface
grading of the Lower Refuse Pond. The ditch will discharge
into the Clear Water Pond at the approximate location of
length D2 to D3.

2. Construct ditch lengths D3 to D4 and D5 to D6 after grading
the Clear Water Dike to the configuration shown on E9-3342.
Install the culvert under the County Road. (Note: this
portion of the diversion ditch will be built after slurry
pond reclamation is considered successful - ie. when water
entering the Clear Water Pond meets effluent limitations).

B - 64
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Design criteria is based on a peak flow of 24.2 cfs, and the following
ditch segments referenced on E9-3342:

Ditch Length Elevation Slope
Segment (ft) Drop (ft) (ft/ft) Design
D1 -~ D2 2950 5 0.0017 Open Channel
D2 - D3 420 35 0.0833 Open Channel
D3 - D4 * 390 6 0.0154 Open Channel
D4 - D5 50 2.5 0.0500 Culvert
*Ds - D6 50 12.5 0.2500 Open Channel

B - 65
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Manutiong's foroule i1s one of the

most widely accepted and commonly
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There are three diversion ditches proposed in this plan. Two
are designed as permanent diversions to course runoff from undis-
turbed areas away from the slurry pond area. One is a temporary
diversion to be maintained until surface reclamation is achieved.

A e e L L L e T e e e T L e e o e e S5 e et e e s

The temporary diversion ditch (described on pages BE-5, 13, 14)
west of the plant area currently discharges into the basin shown
on E®-I431. Long range plans for the adjacent coarse refuse
pile will eventually inundate the outlet basin. The Operator
has committed to submitting a technical revision for ditch mod-
ification when the coarse refuse pile is expanded to a point
that the basin is no longer ad=aguate.

The discharge basin has shown little or no signs of erosion
to date. The basin appears to be an effective discharge structure.

The permanent diversion described on pages E-64 — 74 is designed
to pass the peak flow from a 100 year — 24 hour storm. Channel
stability evaluations for riprap sizing are included. The proposed
discharge into the FPrice River consists of a 10 foot wide bed
of 2.5 foot average diameter riprap. Calculations wusing the
Manning equation indicate a channel depth of approximately 0.3
feet and a maximum velocity of 7.25 fps. The large riprap bed
will adequately minimize erosion and dissipate energy in the
ditch prior to confluence with the Price River.

RS NI LA L N - A A R L e e e

The permanent diversion ditch adjacent to the North Dike is

described in Technical Revision No. 1. The ditch passes through

a culvert under the county road then drops approximately 30

feat in 500 feet. This corresponds to average grade of 6% betw=en
the culvert and the river. The ditch channel existed prior

to the diversion described in TR No. 1. No discharge structure

was installed at the time the original ditch was excavated (prior

to 1977). Over the years, the channel has cut into the hillside

such that there are significant Hhighwalls in the channel in

some locations.

The general area around the Coal Cleaning Plant is either a
relatively flat flood plain of the Price River, or weathering
shale hillsides which are susceptible to erosion. The discharge
end of the diversion ditch has eroded to a stabilized configuration
which is consistant with the surrounding surface configuration.
Because of the near vertical channel sides for about half the
length af the discharge, the disturbance required to slope the
channel sides to flatter slopes would probably cause greater
sediment contributions to the Price River be than the potential
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future contributions from additional erosion.

Rough cross sectioms of the ditch discharge are shown on page
B-78. The maximum velocity required to pass the peak flow 1is
approximately 7.5 fps. Because the channel erosion has already
occurred and the current configuragion is stabilized, this 1is
nrot considered excessive.

B - 77
Rev. 2: 12-30-83



@

oy TAF parel2-23

CHKD. BY

SUBJECT A DCHAKGE, .

@ arpeox. DisT
FEOM CULVERT

O To

80’

SHEETNO. .. L. oF -l . . :

JOB NO.

-

V& QA rFrom MApNIVG
cAK Flow [OC- -
= {Z0efs (TR #)

use N=0.03% (3

-t

MotEz 10! UOATERFALL
AT (B!

2o’ To 330

2o To 450

!
5o
LI AT )
P (Ol Y

I\JO'TE -

15 AFP~1IOX

oF
Ele

A ity
o i -

o

- %g’ WOATETF M,
-7

V8.0 Ace CALUATED A 4% S0 - THin AVERReE
Cote ise D)oo )7l THE

( (-0 /5000

2



g

Subject Discharge Structures For

Sedimentation Ponds During

Reclamation

.

L

Road Pond and Dryer Pond

CALCULATION NOTES

By BAF

Checked

Acc't

Date 2-14 1984

Sheet No. of Sheets

The overflow structures on the Road Pond and Dryer Pond are designed to

pass 6.9 cfs (p. B-50) and 0.7cfs (p. B-54) respectively. Both structures will

discharge into the 48" corrugated (This culvert is said, in error, to be concrete

on p. B~52) culvert under the D&RGW Mainune (REF. DWG. E9 - 3433), The culvert

grade is 0.5%.

Check Manning for 48" DIA corrugated pipe, where N = 0.022 (p. B=23):

1.486
0.022

Xsee. -,-g) qg " prc

&iﬁ?ﬁYﬁ (1.0

)y 2/3 (0.005) 1/2

e
60.04 cfs =~ pluot

Pipe capacity exceeds combined peaks

60.04 cfs

12,57 £¢2 = 478 fps

Velocity is not excessive
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