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Umetco Minerals Corporation 

T ~ 1 600 UTE AVENUE. P.O. BOX 1 029 

~U1 GRAND .JUNCTION. COLORADO B 1 502 

~ tr (303l 245-3700 

January 10, 1990 

Mr. Ramon E. Hall, Director 
U. S. Nuclear Regulatory Commission 
Region IV 
Uranium Recovery Field Office 
Box 25325 
Denver, CO 80225 

Re: Umetco Mi nera 1 s Corporation 
SUA-1358: Docket No. 40-8681 
White Mesa Mill, Utah 
Cell 4A Request for Information 

Dear Mr. Hall: 

Attached are the calculations and data concerning hydrology 
at the White Mesa Mill, with special reference to Cell 4A. 
This submittal is the result of meetings and calls between 
your staff and that of Umetco. A summary of the hi story of 
hydrology issues at the mill is included, along with the 
specific requests for licensing action. This submittal 
should complete the information requirements so that 
unrestricted use of Cell 4A will be granted. 

If I can answer any questions that you may have, please feel 
free to contact me. 

Sincerely yours, 

!J~Sr~~ff 
D. K. Sparling ~-
Site Superintendent -- U 
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WHITE MESA MILL 

Hydrologic Design Report 

Background 

During the license amendment process for the proposed Cell 4A, several 
questions were raised by NRC concerning the operating levels and freeboard 
requirements for all of the cells. Information has been provided in a 
piecemeal fashion to answer the specific NRC questions. NRC has responded 
to some of these submittals by asking for additional information. 
Recently Umetco and NRC have agreed upon the methods and procedures to be 
used to determine the freeboard and the operating 1 eve l s. This document 
is intended to provide an in-depth analysis of each cell and drainage 
using the agreed upon methods. The use of these procedures has resulted 
in changes in the freeboard and operating levels found in recent 
correspondence between NRC and Umetco. Specifically some of the 
information found in Umetco letters dated September 6, 1989 and September 
29, 1989 has been superseded by this submittal. This report also 
supercedes the "Drainage Report for Submittal to NRC", October 1989 that 
was not accepted by the NRC. 

This report is divided into several sections to allow easy reference to a 
particular cell or calculation. 

Design Standards 

NRC requested that the hydrology, flood routing and freeboard requirements 
be determined using Staff Technical Position Paper WM 8201, January 1983, 
NUREG/CR4620, and the Army Corp. of Engineers Shore Protection Manual. 

The PMP was determined using Hydrometeorological Report No. 49. The PMF 
and flood routing were derived from procedures found in NUREG/CR 4620. 

Ditches 1, 2 and 3 were designed using SCS Technical Release 20 to 
determine the peak flows and for flood routing. Manni ngs equation was 
used to size the channels. 

The freeboard above the PMF was determined using the Army Corp. of 
Engineers Shore Protection Manual. The design wind speed was set at 30 
mph in accordance with conversations with NRC. 

A new drainage map showing ditches 1, 2 and 3 is attached to this 
submittal. 

A uniform soil retention loss equal to(.?. 24 i n/hr was deducted from the 
total PMP volume requirement where applicable. In addition 4 depressions 
were assumed to store a portion of the runoff that would normally flow to 
Cell l I. A map showing the depressions is included under the section 
labeled Cells l through 4. 



Licensing Actions 

The design of Cell 4A and 4B instigated a review of hydrology 
issues at the White Mesa Mill. The original freeboard limits, as 
calculated by D'Appolonia, were based on a PMF series that 
resulted in 15 inches of rainfall. The freeboard limits in all 
tailings cells were set at 5 feet, as measured from dike crest. 
Just prior to the start of mill operations, a request to change 
the freeboard limit in Cell 1- I was submitted to the NRC. The 
request was based on Hydrometeorlogical Report No. 49. The 
request assumed the construction of Diversion Ditches 2 and 3 and 
used a seasonal rainfall of less than 5 inches for the mill area 
contribution. 

After mill acquisition by Umetco, it became known that Ditches 2 
and 3 had not been built and this information was discussed with 
the NRC. At the time it was assumed that the 15 inch PMP was the 
basis for these ditches and therefor Ditches 2 and 3 were not 
required. 

When these facts were brought together during Cell 4 review, 
immediate action was taken to pro vi de 3 diversion ditches. 
Engineering data was then developed that showed canst ruction 
activities had not yet conformed to design standards. 
Consultation with the NRC during this time also resulted in 
changes to design calculations. These changes required further 
construction activity in Ditch 1 and 2. 

As of the date of this submitta 1, the design basis for diversion 
ditch construction has been agreed upon. The design indicates 
that some limited construction activity is necessary. All 
diversion ditches will be constructed to the minimum dike design 
cross-sections by March 31, 1990. This date was chosen to 
accommodate inclement weather conditions. 

It became apparent in December 1989 that Umetco did not have the 
room in the tailings area to operate the mill without the 
availability of Cell 4A. As the PMP was a thunderstorm, the 
probability of the PMP event during the winter months was very 
low. On this basis temporary freeboard limits were agreed to 
based on one-half the PMP amount. The limits being applied for 
in this submittal are lower than those based on one-half the PMP. 
Current (January 11, 1990) solution levels are higher than the 
new limits being applied for, as shown by the following table. 
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Cell 1- I 

Cell 2 

Cell 3 

Current 
Levels 

5615.4 

Dry 

5604.8 

Temporary 
Limit 

New 
Limit 

5616.1 5615.4 

No liquid Liquids and tailings 
allowed allowed when spillway 

is constructed 

5605.4 5603.0 

Umetco requests that the following conditions be incorporated 
into the license amendment allowing use of Cell 4A. 

1. Ce 11 4A use is approved for use as part of the mill 
tailings management system, with no restrictions on flow 
rates. 

2. The restriction on liquids in Cell 2 is removed when the 
spillway is constructed. This will allow Cell 2 to be 
filled to capacity. 

3. The new freeboard 1 imits are made effective 60 days 
after Cell 4A use approval, so that liquid levels can be 
adjusted by pumping. 

4. Diversion ditch completion date be set at March 31, 
1990. 

5. Maximum operating pool levels be listed as feet 
elevation from mean sea level, as determined by survey at 
the mi 11. 

6. NRC review and approval of this submittal to be 
comp 1 eted by March 1, 1990. 
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PMP/PMF Summary 

The PMP was determined using Hydrometeorolgical Report No. 49. 
hour General Storm and the 6 hour Local Storm were determined. 
small drainage basin size the Local Storm produced the larger 
resultant 6 hour PMP used for design is 10 inches. 

Both the 6 
Due to the 

storm. The 

The PMP summary shows the depth requirements and maximum operating levels 
for each of the cells. 
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WMDRAINAGE 

WHITE MESA MILL 
CELL 11 DRAINAGE REQUIREMENTS 

DRAINAGE AREA PMP DIRECT SOIL RETENTION MISC. TOTAL NET 
AREA (ACRES) I CINCHES) RUNOFF (AF) LOSS (AF} STORAGE (AF} VOL REQ. CAF 

CELL 11 52.9 1 0 44.2 44.2 
BASIN A2 W/0 CELL 11 31.1 1 0 25.9 3.73 22.17 
BASIN B3 64 1 0 53.3 7.68 45.62 
DEPRESSION D 1.02 4.4 -4.4 
DEPRESSION A 0.88 1.8 -1.8 
DEPRESSION B 1.45 2.3 -2.3 
DEPRESSION C 0.42 0.5 -0.5 

TOTAL VOLUME REQUIRED 103 A 
PMP DEPTH =103AF/52.9AC 1.95fl 

SOIL RETENTION LOSS-HYDROLOGIC SOIL GROUP B =.24 IN/HR 

* EXAMPLE BASIN A2 31.1 AC*.24 IN/HR *6 HR/12 IN/FT = 3.73AF 

FREEBOARD REQUIREMENTS .9+1.95=2.85FT 
MA~ QeEB~TING J,.I;Y~L_ _ ~618 .~- 2_._ 6 =~ lil~ ~~~- - - - -- -- ----- -- -- --~--- -~-~-~~-----

Page, 



WMDRAINAGE 2 

_I 
I 

WHITE MESA MILL 
CELL 3 DRAINAGE ANAL VSIS 

I 
OPERATING LEVEL UNTIL 12/31/90 WITH CELL 2 APPROXIMATELY 25% RECLAIMED. 

DRAINAGE AREA PMP DIRECT SOIL RETENTIOI" TOTAL NET 
AREA (ACRES) (INCHES) RUNOFF lAFl LOSS lAFl * VOL. REQ. lAFl WAVERUNUP .7FT 
CELL 2 RECLAIMED 20.2 10 16.8 2.4 14.4 PMP DEPTH REO 4.27FT 
CELL 2 TAILINGS 60.5 10 50.4 3.6 46.8 TOTAL FREEBOARD 4.97FT 
SAND BEACH 49.4 10 41.2 3 38.2 
CELL 3 DIRECT 28.9 10 24 24 MAX OPERATING LEVEL 560 8-4.97:56 03.03 

TOTAL VQREO 123.4 I 
DEPTH REO. = 123.4/2!3.9= - --- -- -

__A.27 
- ---- -- - ----------- I 

Page 1 



WMDRAINAGE 

I 
I 

WHITE MESA MILL 
CELL 4 DRAINAGE ANALYSIS 

DRAINAGE 
AREA AREA PMP DIRECT SOIL RETENTIOfl TOTAL NET 

!(ACRES) (INCHES) RUNOFF (AF) LOSS (Af) * VOL. REO. (AF) 
CELL 4A·DIRECT-NET WAVERU'IUP 0.77FT 

43.25 10 36 36 PMP DEPTH REO 0.83FT 
TOTAL va.. REO. TOTAL FREEBOARD 1.6FT 
DEPTH RE0.=36/43.25= .83FT 

I I MAX OPERATING LEVEL 5598-1.6:5596.4 

Page 1 
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6.3A.-tocar~sccl:m PMP cemputad.cn7 Colorado Ri.ver, Great Basin' and. Table 

Califora:i.a drUna.ges. For drainage average dench._PMP• Go .co 
table 6.:m if areal variation is requ:Lred. •. 

Drainage ~6.rc: ('-!E!~ Ct::u. 7' Area ~ /.0 ~ (km
2

) 
Minimum Elevation S'"C,O()~ (m) Latitude -:77 • 1r' Longi.~e ~ Q 7~ 

Steps correspond to these in sec. 6.3A. 

1. Average l-hr l-mi 
2 

(2. 6-km
2

) PMP for 
drainage (fig. 4.5]. 

-

2. a. R.educcion for elevation. [No adjust:m.enc 
for elevacions up to 5,000 feet (1,524 m): 
5% decrease per 1,000 feet (305 m) above 
5,000 feet (1,524 m)]. 

b. ~tip1y step 1 by step 2a. 

3. Average 6/1-hr ratio for drainage (fig. 4.7]. 

Duration (hr) 

_ _.g.:;;....;;...o;· 5'....__ in. (mm) 

___ 9_7 __ ,; 

__...;;;8;;...; .... -z ... s-,____ in. (mm > 

/. 20 

1/4 1/2 3/4 1 2 3 4 5 6 
4. Durational. variation 

for 6/l-hr ratio of 
seep 3 [table 4. 4]. 7L 1tJ... [5 too ../.A ltr It tJ ..11.f. ~o % 

5. l-m.i
2 

(2.6-km2) PMP for 
indic.ated durations 
[seep 2b· X step 4]. ___ 8.'25 ____ 1:7' ill. (mm) 

6. Areal reduction 
[fig. 4.9]. 7. 

7. Area.J. reduced PMP 
[seeps 5 X 6]. ___ ~:z.S ____ t4tf in. (!IIIIl) 

8. I ncr emencal P!fi' 
[successive subtraction 
in seep 7 J. in. (mm) 

. } 15-mi.n. illcremencs ----
9. Time sequence of incre-.. 

menca.J. PHP according to: 

Hourly increments 
[table 4.7]. 

Four largest 15-min •. 
illc:emencs [table 4. 8 J. 

. • . .;.-.. -. 
·. . ~ ... . .• .... 

.. • . ·-. . . ..r • ..;.··· .. =~ ,:.·-,-.~r._; ~~::·~·~i~1~~1V»~..; .... ;.;;....~~j,_;_·:· ,_·:..: : 

------ in. (mm) 

~ in (mm) 
.. -----~- ... · .-· .. · 
. . . . ·.-- . -- ··-- .. ··--- ..... ---·· 

·- .... -
.,: .. -.~~~1.i~i~~~h.:!.·: .. 
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Cell li 

Cell 1I is used primarily for sediment control and liquid management. The 
total volume requirement is 103 acre feet resulting in a depth requirement 
of 1.95 feet. The maintained crest elevation is 5618.2. The wave runup 
is .9 feet so the maximum operating level is 5615.4. 

A uniform soil retention loss equal to .24 in/hr was deducted from the 
total volume requirement where applicable. In addition 4 depressions were 
assumed to store a portion of the runoff that would normally flow to Cell 
1I. A map showing the depressions is attached to this section. 

Note that no credits were taken for storage in the mill area sedimentation 
pond. 



Cell 2 and 3 

A four foot interim cover has been placed on over 25% of Cell 2. A soil 
retention loss of .24 in/hr was taken for the 25% of Cell 2 that has the 
interim cover and other areas not occupied by water. One half the soi 1 
retention loss, .12 in/hr, was taken for the remainder of Cell 2 since the 
tailings surface to a depth of approximately 4 inches is dry by the time 
the PMF would occur in late summer. The freeboard requirements for Cases 
2 and 3 will change as more cover is placed on Cell 2. For the purpose of 
these calculations it was assumed all runoff from Cell 2 will flow to Cell 
3. 

The flood depth requirement for Cell 3 is constantly changing as new 
tailings are placed in the Cell. Three different cases were examined. 
The first case assumed Cell 3 was 35 percent full of tailings. Judging 
from the aerial topography and recent surveys Case 1 probably applies now. 
The depth to accommodate Case 1 is 2.44 feet. The storage requirement is 
124.9 acre feet. Combined with a wave runup requirement of .92 feet the 
maximum operating level is elevation 5604.64. 

Case 2 assumed that Cell 3 is 50 percent full of tailings. Based on 
current mill production this level will probably not be reached for at 
least l year. The depth required to accommodate the PMF under this 
scenario is 3.32 feet with a storage requirement of 124.0 acre feet. 
Si nee the fetch distance is less the wave run up decreases to . 78 feet 
resulting in a maximum operating level elevation 5603.9. 

Case 3 assumes Cell 3 is 75 percent full of tailings. The PMF depth 
requirement is 6.79 feet. The wave runup decreases to .62 feet resulting 
in a maximum operating level elevation 5600.59 By the time Case 3 would 
apply it is possible that Cell 2 will be completely reclaimed and the Cell 
2 drainage will no longer flow into Cell 3. Other operational changes may 
also take place before this case would be valid. 

Using all three (3) Cases, a graph labeled Figure 1 was developed showing 
the total freeboard requirements vs the cell surface area available for 
flood storage. 



WMDRAINAGE 

I )WHITE MESA MILL I 
I I CELL 3 DRAINAGE ANALYSIS I 
I I I I 

CASE 1 CELL 2 25 % RECLAIMED/CELL 3 35% FULL OF TAILINGS 
DRAINAGE AREA PMP DIRECT SOIL RETENTION TOTAL NET 
AREA ACRES) ICINCHESl RUNOFF (AFl LOSS (AI') • VOL. REO. fAA WAVE RUIIIJP .92FT 
CELL 2 RECLAIMED 20.2 10 16.8 2.4 14.4 PMP DEPTH REO 2.44FT 
CELL 2 TAU..INGS 60.5 1 0 50.4 3.6 46.8 TOTAL FREEBOARD 3.36FT 
35"/o SAND BEACH 27.1 10 22.6 1.6 21 
CELL 3 DIRECT 51.2 1 0 42. 42.7 MAX OPERATING LEVEL 5 608 ·3.3 6=5604 .64 

lOTAI..\O..FEQ 124.9 AF 
DEPTH REO. = 124.9151.2"' 2.44FT 

I ' 

CASE 2 CELL 2 25 % RECLAIMED/CELL 3 50% FULL OF TAILINGS 
DRAINAGE AREA PMP DIRECT SOIL RETENTION TOTAL NET 
AREA ICACRESl INCHES! RUNOFF IAFl LOSS IAFl • VOL. REO. IAF WAVE RUIIIJP .78FT 
CELL 2 RECLAIMED 20.2 1 0 16.8 2.4 14.4 PMP DEPTH REO 3.32FT 
CELL2TAH..INGS 60.5 10 50.4 3.6 46.8 TOTAL FREEBOARD 4.1FT 
50"/o SAND BEACH 40.9 1 0 34.1 2.5 31.6 
CELL 3 DIRECT 37.4 10 31.2 31.2 MAX OPERATING LEVEL 5608·4.1 :5603.9 

lOTAI..\O..R:O 124 AF 
DEPTH REO. = 124.137.4= 3.32 FT 

CASE 3 CELL 2 25 % RECLAIMED/CELL 3 75 % FULL OF TAILINGS 
DRAINAGE AREA PMP DIRECT SOIL RETENTION TOTAL NET 
AREA ACRES! lliNCHESl RUNOFF IAFl LOSS IAFl • VOL. REO. IAF WAVE RUIIIJP .62FT 
CELL 2 RECLAIMED 20.2 10 16.8 2.4 14.4 PMP DEPTH REO 6.79FT 
CELL 2 TAILINGS 60.5 1 0 50.4 3.6 46.8 TOTAL FREEBOARD 7.41FT 
75% SAND BEACH 60.2 10 50.2 3.6 46.6 
CELL 3 DIRECT 18.1 10 15.1 15.1 MAX OPERATING LEVEL 5608·7.41=5600.59 

lOTAI..\O..FEQ 122.9 AF 
DEPTH REO. = 122.9118.1 = 6.79 FT 

I 
I 
I 

'SOIL RETENTION FOR AREAS WI GROUND COVER •.24 INMR 
'SOU.. RETENTION FOR AREAS W/ EXPOSED TAILINGS • .121NMR 

I I I 
SNCE THE CELL 3 CAPACITY LS CONTINUALLY BEING I:ECREASED BY THE ADDITION OF TAILNGS THE ABOVE 3 CASES WERE CONSVEAED. 
CELL 2 WM3 M:.SUMED TO BE 25"/o RECLAIMED FOR ALL CM>ES. THIS MEANIS THAT AT LEM:.T 25% OF THE AREA IN DRAINAGE BM:.IN C 
HAS EITHER BEEN COVERED WITH THE INITIAL 4 FOOT OF COVER OR WM3 NOT PART OF THE ORIGINAL CELL SHEET C4-6 SHOWSI 
THE 25"/o ESTIMATE IS CONSERVATIVE. REFERENCES TO THE 35%. 50o/o AND 75"/o FULL OF TAILINGS REFERS TO THE M40UNT OF 
SURFACE AREA AT ELEV. 5602.6 NOT AVAILABLE FOR STORING RUNOFF. ELEV. 5602.6 WM3 ARBITRARLY CHOOOEN M3 A CONVIENENT 
BENCHMARKlOMEM>URETHESURFACEAREAFROMTHEAERIALMAPS. THECELL3DIRECT AREAREFERSTOTHESURFACEAREAAVAILABLE 
FOR LIOOID STORAGE. THE 3 CASES WERE USED TO DEVELOP THE GRAPH LABELED WHITE MESA MU-CELL 3 FREEBOARD VS. POOL SURFACE 
AREA THE TOTAL SURFACE AREA AVAILABLE FOR STORAGE ON 10/23,119 THE DATE OF THE LM:.T FLIGHT WAS 46 ACRES INDICATING A MAX. 
OPERATNG LEVEL AT ELEV. 5604.4 USNG THE CELL 3 FREEBOARD GRAPH. THE VARIOUS AREAS ARE SHOWN ON THE DRAINAGE MAP SHEET C4-6. 

I I l I -, T 
I I I l I -1 I 

l -- - ___.i __ I I I I I 

Page 
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Cell 4 

The tributary drainage area is 43.25 acres resulting in a PMF volume of 36 
acre-feet. The wind runup procedure. recommended by NRC, using a 30 mph 
wind speed, results in a freeboard above the flood pool of .77 feet. The 
freeboard coupled with the .83 foot flood depth results in a maximum 
operating level of elevation 5596.4. 



WHITE MESA MILL 
CELL 3 FREEBOARD VS. POOL SURF ACE AREA 

5.605 -.--------------------------------., 
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5.6045 -+-------------------------------=-"'"--------1 
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5.6005 -l---.---,---.-----,----.----.------r----,----.---.--.--~---.----,----,----.---1 
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Procedure Freeboard Limits for Cell 3 

The following procedure is intended to be used to determine the maximum 
operating pool level in Cell 3. This procedure is necessary because 
tailings sand deposition occupies some of the volume required to hold a 
PMP event. A summary of the procedure is as fallows. 

1. From a survey of the cell, the pool surface area will be 
determined. 

2. From this area 17.3 acres will be subtracted. The wave run-up 
requirement is determined. The maximum operating pool level is then 
calculated from the dike crest elevation minus the flood volume 
requirements divided by the pool area minus the wave run-up require
ments. 

The basis of the procedure will now be discussed. 

During the period of March 1988 through October 1989, 465,839 dry tons of 
tailings were added to Ce 11 3. From topographic maps generated from 
aerial photographs, see Figure 2, the pool surface area of Cell 3 was 
reduced by 11.9 acres. Total dry tons divided by change in pool area 
extent yields the number of tons required to reduce pool size by one acre, 
or 39,146 dry tons per acre. 

The maximum amount of tailings that could be discharged in a one-year time 
period is 2, 000 dry tons per day for 365 days with 93% mill availability, 
or 678,900 dry tons. The maximum tonnage divided by the number of tons 
required to reduce pool size by one acre yields the maximum expected pool 
area reduction, or 17.3 acres. This number is then subtracted from the 
pool surface area determined by survey or topographic means, yielding the 
reduced pool area. 

The flood volume requirements are 123.4 acre-feet as per section titled 
Cells 1 through 4. The flood volume divided by the reduced pool area is 
the freeboard required for the flood. Wind-wave run-up is calculated as 
per the section titled Wave Run-up. The PMP freeboard requirement plus 
the wave run-up requirement yields the total required freeboard. 



' -

Note that this procedure overestimates the required freeboard and 
therefore is a conservative method. The overestimation is a result of not 
taking credit for the volume available for flood storage above the sand 
surface. In other words, this method assumes that the sand at the edge of 
the pool rises vertically to the top of the cell. The procedure also does 
not take credit for soil retention losses considered in the three cases 
used to develop the freeboard vs pool surface area graph. 

The following ex amp 1 e is ca 1 cul a ted using the above procedure. On October 
22, 1989 the pool area in Cell 3, determined by aerial photography, was 
46.2 acres. 

46.2 - 17.3 = 28.9 acres 

This is the area in which the storm volume must be stored. The storm 
volume was determined to be 123.4 acre-feet. 

123.4 acre-feet I 28.9 acres = 4.3 feet 

4. 3 feet + 0. 7 feet = 5. 0 feet 

5608.0 feet - 5.0 feet = 5603.0 feet msl 

This procedure will be used yearly if the mill operates on a continuous 
basis. If the mill is shut down, then this procedure will be used and a 
submitta 1 made to the NRC when 600,000 dry tons have been p 1 aced in Cell 
3. 
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CELL 3 

AREA = 57.9 ACRES 
DATE OF AERIAL SURVEY : 2/24/88 

56o<. 6 

CELL 3 

AREA = 46.0 ACRES 

DATE OF AERIAL SURVEY : 10/23/89 

400 200 0 400 

SCALE : 1" - 400' 

K 

WHITE MESA MILL 

AREA AVAILABLE 
FOR FLOOD 

STORAGE 
DATE: 12/20/89 FIGURE 3 
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DRAINAGE BASIN u A2' 

84 AC. 
DEPRESSION D 
A = 1.02 ACRES ----.. 
VOL = 4.42 AC-FT 

EL: 0818.& 

+ 

CELL 1I 
SEDIMENT A TIDN BASIN 

+ 

DRAINAGE BASIN 'B3' 

64 AC. 
DEPRESSION C 

~
A = .42 ACRES 
VOL = 0.46 AC-FT 

EL I 5626.0 

DEPRESSION B 
A = 1.45 ACRES 
VOL = 2.3 AC-FT 

ELI 562:5!5 

DEPRESSION A 
A = .88 ACRES 
VOL = 1.79 AC-FT 

ELI 5623!5 

'1. 

J( 

400 200 0 400 ----
SCALE: 1' = 400' 

UMETCO MINERALS CORPORATION 

MISCELLANEOUS 
STORAGE DEPRESSIONS 

DAmnn/89 FlGURE 2 
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Ditch Drainage 

1. 0 Ditch 1 

Ditch 1 is an existing ditch that was recently enlarged during 
routine maintenance. The ditch captures 23 acres of runoff from 
Drainage Basin A that would normally have flowed to Cell li. SCS 
TR20 procedures were used to determine the peak flow used for the 
channel design. A runoff curve number of 77 was selected from Table 
2.2.d. of the SCS TR55 reference. The hydrologic soil group for all 
of the soils in the area is Type B. The peak discharge for the 
entire basin was determined to be 382 cfs. This discharge applies 
to the end of the ditch and the discharge decreases as you move up 
the channel. Manning's formula was used to size the channel 
resulting in channel dimensions near the end of the ditch consisting 
of a 10-foot wide bottom, 2 HORZ:1 VERT. Side slopes, average 
channel slope equal to .0011 ft/ft and a depth requirement of 4.6 
feet. The AS-BUILT cross-sections verify for the most part that the 
channel meets these criteria. Areas with i nsuffi ci ent depth will 
have the dikes raised to achieve a minimum depth of 4.6 feet with .5 
feet freeboard, by March 31, 1990. The stations requiring further 
work are shown on the cross-sections at the end of this report. The 
velocity at 4.6 feet depth is 4.4 fps. 

2.0 Ditch 2 

Ditch 2 and a flood detention pond were constructed to divert 48 
acres of drainage from Basin Bout of Cell li. The flood detention 
pond has a capacity of 20 acre feet. SCS TR20 procedures were used 
to determine the peak discharge requirement. The resultant inflow 
discharge was 1248 cfs, but the 20 AF storage attenuated the 
majority of the peak flow so the maximum discharge requirement from 
ditch 2 is 278 cfs. Mannings formula was used to size the channel. 
Channel dimensions include a 10-foot wide bottom, 2 HORZ: 1 VERT 
side slopes, .001 ft/ft slope and a depth requirements of 4.0 feet. 
In order to achieve the 4.0 foot depth, the channel bottom has to be 
lowered to elevation 5644.0 or to the same elevation as the toe of 
the pond dike. This work will be completed by March 31, 1990. The 
velocity at 4.0 feet depth is 3.9 fps. 

3. 0 Ditch 3 

Ditch 3 drains approximately 2.6 acres away from Cell li. The peak 
discharge generated during a PMF is 97 cfs. Channel requirements 
are 10-foot wide bottom, 2 HORZ: 1 VERT. Side slopes, minimum slope 
equa 1 to . 003 ft/ft and a depth requirement equa 1 to 1. 7 feet. The 
procedures used were the same as the other ditches. The velocity is 
4.3 feet per second. 



4.0 Erosion Protection 

Attached is a table showing the maximum permissible channel 
velocities taken from the Army Corp. of Engineers "Hydraulic Design 
of Flood Control Channels". The mean channel velocity for clay, 
where riprap would be required, is 6 feet per second. All of the 
above ditches have velocities below 5 feet per second so the 
channels were not riprapped. Also equipment will be available to 
provide maintenance at the ditches during operation. The ditches 
are not required once reclamation is complete. 
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velocity or shear that will erode the channel. The adoption of maximum per

missible velocities that are used in the design of channels has been widely 

accepted since publication of a table of values by Fortier and Scobey. Si The 

latest information on critical scour velocities is given in reference 50. The 

tabulation below gives a set of permissible velocities that can be used as a 

guide to design nonscouring flood control channels. Lane 
46 

presents curves 

showing permissible channel shear stress to be used for design, and 

13c 

Suggested Maximum Permissible Mean 
Channel Velocities! 

Channel Mate rial 

Fine sand 

Coarse sand 

Fine gravel!! 

Earth 

Sandy silt 
Silt clay 
Clay 

Grass-lined earth (slopes less than 5%)t 
Bermuda grass - sandy silt 

- silt clay 
Kentucky Blue Grass - sandy silt 

- silt clay 

Poor rock (usually sedimentary) 

Soft sandstone 
Soft shale 

Good rock (usually igneous or hard 
metamorphic) 

Mean Channel 
Velocity, fps 

2.0 

4.0 

6.0 

2.0 
3.5 
6.0 

6.0 
8.0 
5.0 
7.0 

10.0 

8.0 
3.5 

20.0 

t Based on TM 5-886-4 and CE Hydraulic Design Conferences 
of 1 9 58- 19 6 0. 

tt For particles larger than fine gravel (about 20 mm = 3/4 in.), 
see plate 29. 

t Keep velocities less than 5.0 fps unless good cover and 
proper maintenance can be obtained. 
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DITCH 1 



WHITE MESA 
DRAINAGE ABOVE DITCH 1 

TRAPEZOID CHANNEL 

BOTTOM WIDTH (B)-FT. 
SIDE SLOPE (?:1)-(H:V) 
FLOW DEPTH (Y)-FT. 
ROUGHNESS COEF.(N) 
CHANNEL GRADIENT (S)-FT/FT 

ENTER 
1 0 

2 
4.55 

0.0225 
0.0011 

OUTPUT 
AREA (FT"2) 
HYD RADIUS -(FT.) 
VELOCITY-(FPS) 
FLOW -(CFS) 
FROUDE # 
FLOW TYPE 

86.905 
2.86 
4.42 

384.01 
0. 21 

SUBCRITICAL 
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••••••••••••••••••80-80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY•••••••••••••••••• 

JOB TR-20 
TITLE 001 
TITLE 

5 RAINFL 
8 
8 
9 ENDTBL 
6 RUNOFF 
6 REACH 

ENDATA 
7 INCREM 
1 COMPUT 

ENDCMP 
ENDJOB 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 T -· !:"'"''""'"t {o..- p.."; v-.\"ll 
1 1 0.1667- ···~ 

1 1 
3 002 

6 
1 001 
1 
2 

0.0 5.12 6.77 
7.98 8.25 8.25 

7.34 
8.25 

1 

002 

1 
2 

"'-''"';) CN 0.0359'" 77.-- '0£~1 
2800 ·l_ 0. 224 ::.)( ~1 1 

1( .. ,~, ~-.. ~~.. c ="" 
0. 01 - Tir.-~ ;.-.<<•~•"-\ {or ~Y,j'"~'•fl, 

0.0 1.0 1.01 2 

7.67 
8.25 

1 1 1 
1 1 1 

C!( ::-X f{" 

01 

10 
20 
30 

40} 

70 
80 
90 

100 

110 
120 
130 

*******************************END OF 80-80 LIST******************************** 
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TR20 XEQ 12/15/1989 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 

20 
30 

JOB 1 PASS 
PAGE 

FILE NO. 1 

COMPUTER PROGRAM FOR PROJECT FORMULATION - HYDROLOGY USER NOTES 

THE USERS MANUAL FOR THIS PROGRAM IS THE MAY 1982 DRAFT OF TR-20. CHANGES FROM THE 2/14/74 VERSION INCLUDE: 

REACH ROUTING - THE MODIFIED ATT-KIN ROUTING PROCEDURE REPLACES THE CONVEX METHOD. INPUT DATA PREPARED FOR 
PREVIOUS PROGRAM VERSIONS USING CONVEX ROUTING COEFFICIENTS WILL NOT RUN ON THIS VERSION. 

THE PREFERRED TYPE OF DATA ENTRY IS CROSS SECTION DATA REPRESENTATIVE OF A REACH. IT IS RECOMMENDED THAT 
THE OPTIONAL CROSS SECTION DISCHARGE-AREA PLOTS BE OBTAINED WHENEVER NEW CROSS SECTION DATA IS ENTERED. 
THE PLOTS SHOULD BE CHECKED FOR REASONABLENESS AND ADEQUACY OF INPUT DATA FOR THE COMPUTATION OF "M" 
VALUES USED IN THE ROUTING PROCEDURE. 

GUIDELINES FOR DETERMINING OR ANALYZING REACH LENGTHS AND COEFFICIENTS (X,M) ARE AVAILABLE IN THE USERS 
MANUAL. SUMMARY TABLE 2 DISPLAYS REACH ROUTING RESULTS AND ROUTING PARAMETERS FOR COMPARISON AND CHECKING. 

HYDROGRAPH GENERATION - THE PROCEDURE TO CALCULATE THE INTERNAL TIME INCREMENT AND PEAK TIME OF THE UNIT 
HYDROGRAPH HAVE BEEN IMPROVED. PEAK DISCHARGES AND TIMES MAY DIFFER FROM THE PREVIOUS VERSION. OUTPUT 
HYDROGRAPHS ARE STILL INTERPOLATED, PRINTED, AND ROUTED AT THE USER SELECTED MAIN TIME INCREMENT. 

INTERMEDIATE PEAKS - METHOD ADDED TO PROVIDE DISCHARGES AT INTERMEDIATE POINTS WITHIN REACHES WITHOUT ROUTING. 

OTHER - THIS VERSION CONTAINS SOME ADDITIONS TO THE INPUT AND NUMEROUS MODIFICATIONS TO THE OUTPUT. USER 
OPTIONS HAVE BEEN MODIFIED AND AUGMENTED ON THE JOB RECORD, RAINTABLES ADDED, ERROR AND WARNING MESSAGES 
EXPANDED, AND THE SUMMARY TABLES COMPLETELY REVISED. THE HOLDOUT OPTION IS NOT OPERATIONAL AT THIS TIME. 

PROGRAM QUESTIONS OR PROBLEMS SHOULD BE DIRECTED TO HYDRAULIC ENGINEERS AT THE SCS NATIONAL TECHNICAL CENTERS: 

CHESTER, PA (NORTHEAST) -- 215-499-3933, FORT WORTH, TX (SOUTH) 
LINCOLN, NB (MIDWEST) -- 541-5318 (FTS), PORTLAND, OR (WEST) 
OR HYDROLOGY UNIT, ENGINEERING DIVISION, LANHAM, MD -- 436-7383 (FTS). 

334-5242 (FTS) 
423-4099 (FTS) 

PROGRAM CHANGES SINCE MAY 1982: 

12/17/82 - CORRECT PEAK RATE FACTOR FOR USER ENTERED DIMHYD 
CORRECT REACH ROUTING PEAK TRAVEL TIME PRINTED WITH FULLPRINT OPTION 

5/02/83 - CORRECT COMPUTATIONS FOR ---
1. DIVISION OF BASEFLOW IN DIVERT OPERATION 
2. HYDROGRAPH VOLUME SPLIT BETWEEN BASEFLOW AND ABOVE BASEFLOW 
3. CROSS SECTION DATA PLOTTING PO~ITION 
4. INTERMEDIATE PEAK WHEN "FROM" AREA IS LARGER THAN "THRU" AREA 
5. STORAGE ROUTED REACH TRAVEL TIME FOR MULTIPEAK HYDROGRAPH 
6. ORDERING "FLOW-FREQ" FILE FROM SUMMARY TABLE #3 DATA 
7. BASEFLOW ENTERED WITH READHYD 
8. LOW FLOW SPLIT DURING DIVERT PROCEDURE #2 WHEN SECTION RATINGS START AT DIFFERENT ELEVATIONS 

ENHANCEMENTS ---
1. REPLACE USER MANUAL ERROR CODES (PAGE 4-9 TO 4-11) WITH MESSAGES 
2. LAbEL OUTPUT HYDROGRAPH FILES WITH CROSS SECTION/STRUCTURE, ALTERNATE AND STORM NO'S 

09/01/RJ - CORRECT INPUT AND OUTPUT ERRORS FOR INTERMEDIATE PEAKS 
CORRECT COMBINATION OF RATING TABLES FOR DIVERT 
CHECK REACH ROUTING PARAMETERS FOR ACCEPTABLE LIMITS 
ELIMINATE MINIMUM REACH TRAVEL TIME WHEN ATT-KIN COEFFICIENT EQUALS ONE 

1 
1 



TR20 XEQ 12/15/1989 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 

EXECUTIVE CONTROL OPERATION INCREM HAIN TIME INCREMENT 0.01 HOURS 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 1 TO XSECTION 2 

20 
30 

JOB 1 

RECORD ID 

STARTING TIME= 0.00 RAIN DEPTH= 1.00 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 
RECORD ID 

ANT. MOIST. COND= 2 
ALTERNATE NO.= 0 STORM NO.= 1 MAIN TIME INCREMENT= 0.01 HOURS 

OPERATION RUNOFF CROSS SECTION 

PEAK TIME(HRSJ PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
0.37 382.40 (RUNOFF) 

TIME(HRS) FIRST HYDROGRAPH POINT = 0.00 HOURS TIME INCREMENT = 0.01 HOURS DRAINAGE AREA = 0.04 SQ.MI. 
0.00 DISCHG 0.00 0.26 0.79 1. 77 3.36 5.57 8.57 12.37 17.11 22.89 
0.10 DISCHG 29.78 38.06 47.77 59.04 71.96 86.50 102.44 119.68 137.86 156.79 
0.20 DISCHG 176.23 195.78 215.33 234.58 253.35 271.49 288.82 305.17 320.18 333.67 
0.30 DISCHG 345.53 355.65 364.09 370.91 376.13 379.79 381.85 382.39 381.43 379.01 
0.40 DISCHG 375.34 370.55 364.76 358.14 350.80 342.89 334.50 325.67 316.45 306.93 
0.50 DISCHG 297.20 287.35 277.51 267.75 258.17 248.87 239.88 231. 17 222.75 214.57 
0.60 DISCHG 206.61 198.87 191.36 184.07 176.99 170.13 163.50 157.05 150.81 144.79 
0.70 DISCHG 139.03 133.55 128.37 123.49 118.86 114.50 110.38 106.45 102.72 99.17 
0.80 DISCHG 95.82 92.64 89.62 86.77 84.06 81.50 79.08 76.80 74.64 72.62 
0.90 DISCHG 70.74 68.97 67.31 65.73 64.23 62.81 61.47 60.19 58.97 57.80 
1. 00 DISCHG 56.69 55.61 54.56 53.53 52.53 51.54 50.56 49.57 48.58 47.57 
1.10 DISCHG 46.54 45.47 44.36 43.19 41.96 40.68 39.34 37.97 36.55 35.10 
1. 20 DISCHG 33.63 32.14 30.65 29.16 27.69 26.23 24.81 23.41 22.05 20.74 
1. 30 DISCHG 19.47 18.25 17.07 15.95 14.89 13.87 12.92 12.02 11.19 10.43 
1. 40 DISCHG 9.73 9.08 8.48 7.92 7.39 6.90 6.45 6.02 5.62 5.25 
1. 50 DISCHG 4.90 4.58 4.27 3.99 3.72 3.47 3.24 3.03 2.83 2.64 
1. 60 DISCHG 2.47 2.30 2.15 2.00 1. 87 1.74 1. 63 1. 52 1. 41 1. 32 
1.70 DISCHG 1. 23 1.15 1. 07 1. 00 0.93 0.87 0.81 0.75 0.70 0.65 
1. 80 DISCHG 0.61 0.57 0.53 0. 49 0.45 0.42 0.39 0.36 0.34 0.31 
1. 90 DISCHG 0.29 0.27 0.24 0.23 0.21 0.19 0.18 0.16 0.15 0.13 
2.00 DISCHG 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.05 0.04 
2.10 DISCHG 0.04 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.00 

RUNOFF VOLUME ABOVE BASEFLOW = 8.25 WATERSHED INCHES, 191.11 CFS-HRS, 15.79 ACRE-FEET; BASEFLOW = 0.00 CFS 

--- HYDROGRAPH FOR XSECTION 1' ALTERNATE 0' STORM 1, ADDED TO OUTPUT HYDROGRAPH FILE ---

OPERATION REACH CROSS SECTION 2 

PEAK TIME(HRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
0.57 275.92 (NULL) 

PASS 
PAGE 

1 
2 

110 



TR20 XEQ 12/15/1989 WHITE MESA HYDROLOGY STUDY 20 JOB 1 PASS 1 
REV 09/01/83 DRAINAGE ABOVE DITCH 1 30 PAGE 3 

TIME(HRS) FIRST HYDROGRAPH POINT ; 0.00 HOURS TIME INCREMENT ; 0.01 HOURS DRAINAGE AREA ; 0.04 SQ.MI. 
0.00 DISCHG 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.14 0.30 
0.10 DISCHG 0.56 0.97 1. 54 2.32 3.36 4.69 6.37 8.45 11.00 14.06 
0.20 DISCHG 17.71 21.97 26.89 32.47 38.73 45.65 53.21 61.37 70.08 79.31 
0.30 DISCHG 88.98 99.04 109.41 120.02 130.77 141.58 152.35 163.01 173.47 183.67 
0.40 DISCHG 193.54 203.02 212.04 220.57 228.54 235.93 242.71 248.85 254.35 259.20 
0.50 DISCIIG 263.42 266.99 269.95 272.29 274.03 275.20 275.81 27 5. 89 275.48 274.61 
0.60 DISCHG 273.31 271.63 269.59 267.24 264.58 261.67 258.51 255.12 251.55 247.79 
0. 70 DISCHG 243.89 239.84 235.67 231.40 227.04 222.61 218.13 213.61 209.07 204.53 
0.80 DISCHG 200.00 195.49 191.01 186.56 182.16 177.82 173.53 169.31 165.15 161.07 
0.90 DISCHG 157.06 153.14 149.30 145.54 141.87 138.29 134.80 131.40 128.10 124.88 
1. 00 DISCHG 121.76 118.72 115.78 112.92 110.14 107.45 104.84 102.31 99.85 97.47 
1.10 DISCHG 95.16 92.92 90.73 88.61 86.54 84.53 82.57 80.64 78.75 76.90 
1. 20 DISCHG 75.08 73.28 71.50 69.74 68.00 66.27 64.55 62.84 61.15 59.46 
1.30 DISCIIG 57.79 56.13 54.48 52.85 51.23 49.63 48.05 46.49 44.96 43.44 
1. 40 DISCHG 41.95 40.49 39.06 37.65 36.28 34.95 33.64 32.38 31.15 29.95 
1. 50 DISCHG 28.79 27.66 26.57 25.52 24.50 23.51 22.56 21.64 20.75 19.89 
1.60 DISCHG 19.06 18.27 17.50 16.76 16.05 15.36 14.71 14.07 13.47 12.88 
1. 70 DISCHG 12.32 11.78 11.26 10.77 10.29 9.84 9.40 8.98 8.57 8.19 
1. 80 DISCHG 7.82 7.47 7.13 6.81 6.50 6.20 5.91 5.64 5.38 5. 13 
1. 90 DISCHG 4.90 4.67 4.45 4.24 4.05 3.86 3.67 3.50 3.34 3.18 
2.00 DISCIIG 3.03 2.88 2.75 2.62 2.49 2.37 2.26 2.15 2.04 1. 94 
2.10 DISCHG 1. 85 1. 76 1. 67 1. 59 1. 51 1. 44 1. 37 1. 30 1. 23 1.17 
2.20 DISCHG 1.11 1. 06 1.00 0.95 0.90 0.86 0.81 0.77 0.73 0.70 
2.30 DISCHG 0.66 0.63 0.60 0.56 0.54 0.51 0.48 0.46 0.43 0.41 
2.40 DISCHG 0.39 0.37 0.35 0.33 0.32 0.30 0.28 0.27 0.26 0.24 
2.50 DISCHG 0.23 0.22 0.21 0.20 0.19 0.18 0.17 0.16 0.15 0.14 
2.60 DISCHG 0.13 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.09 0.08 
2.70 DISCHG 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.04 
2.80 DISCHG 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 
2.90 DISCHG 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 

RUNOFF VOLUME ABOVE BASEFLOW = 8.25 WATERSHED INCHES, 191.08 CFS-HRS, 15.79 ACRE-FEET; BASEFLOW ; 0.00 CFS 

--- HYDROGRAPH FOR XSECTION 2' ALTERNATE 0. STORM 1, ADDED TO OUTPUT HYDROGRAPH FILE---

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS 1 RECORD ID 120 

EXECUTIVE CONTROL OPERATION ENDJOB RECORD ID 130 



TR20 XEQ 12/15/1989 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 

20 
30 

SUMMARY '!'ABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFOR~!ED 

{A STAR{•) AFTER THE PEAK DISCHARGE TIME AND RATE {CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

JOB 1 

SECTION/ STANDARD RAIN Al/TEC MAIN PRECIPITATION PE:AK DISCHARGE 
STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME ------------------------- RUNOFF 

ID OPERATION AREA II COND INC REM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE 
{SQ MI) (HR) (HR) (IN) {HR) (IN) {FT) (HR) (CFS) 

ALTERUATE 0 STORM 1 
XSECTION 1 RUNOFF 0.04 1 2 0.01 0.0 8.25 1. 00 8.25 --- 0.37 382.40 
XSECTION 2 REACH 0.04 1 2 0.01 0.0 8.25 1.00 8.25 --- 0.57 275.92 

SUMMARY 
PAGE 4 

RATE 
(CSM) 

10651.9 
7685.8 



TR20 XEQ 12/15/1989 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 

20 
30 

SUMMARY TABLE 2 - SELECTED MODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS 

JOB 1 SUMMARY 
PAGE 5 

(A STAR(•) AFTER VOLUME ABOVE BASE(IN) INDICATES A HYOROGRAPH TRUNCATED AT A VALUE EXCEEDING BASE + 10% OF PEAK 
A QUESTION MARK(?) AFTER COEFF. (C) INDICATES PARAMETERS OUTSIDE ACCEPTABLE LIMITS, SEE PREVIOUS WARNINGS) 

----- HYDROGRAPH INFORMATION 

XSEC REACH 
ID LENGTH 

(FT) 

INFLOW 
PEAK TIME 
(CFS) (HR) 

ALTERfJA'I'E 0 STc>RM 
2~00 ___ 382 0.4 

OUTFLOW 
PEAK TINE 
(CFS) (HR) 

l 
276 0.6 

OUTFLOW+ 
INTERV.AREA 
PEAK TIME 
(CFS) (HR) 

BASE
FLOW 
(CFS) 

0 

VOLUHE 
ABOVE 
BASE 
(IN) 

8.25 

l1AIN 
TIME 
INCR 
(Hi<) 

0.01 

ITER
ATION 

# 

1 

ROUTING PARAHETERS 
Q AND A 
EQUATION LENGTH 

COEFF POWER FACTOR 
(X) (M) (K•) 

PEAK 
RATIO 
0/I 
(Q•) 

0.224 1.50 0.443 0.721 

S/Q 
®PEAK 

(K) 
(SEC) 

ATT
KIN 

COEFF 
(C l 

6\17 0.05 

PEAK 
TRAVEL TIME 
STOR- KINE

AGE MATIC 
IHRl (HR) 

0.16 0.20 
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TR20 XEQ 12/15/1989 
REV 09/01/83 

SUMMARY TABLE 3 - DISCHARGE 

XSECTION/ DRAINAGE 
STRUCTURE AREA 

ID (SQ MI) 

XSECTION 1 0.04 
ALTERNATE 0 

XSECTION a 0.04 
ALTERNATE 0 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 1 

(CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES 

STORM NUMBERS ......... . 
1 

382.40 

275.92 

20 
30 

JOB 1 SUMMARY 
PAGE 6 



DITCH 2 



WHITE MESA 
DITCH 2 W\INVERT @ EL 5644 

TRAPEZOID CHANNEL 

BOTTOM WIDTH (B)-FT. 
SIDE SLOPE (?:1}-(H:V} 
FLOW DEPTH (Y}-FT. 
ROUGHNESS COEF.(N} 
CHANNEL GRADIENT (S}-FT/FT 

ENTER 
1 0 

2 
4 

0.0225 
0.001 

OUTPUT 
AREA (FTA2) 
HYD RADIUS -(FT.) 
VELOCITY-(FPS) 
FLOW -(CFS) 
FROUDE # 
FLOW TYPE 

72 
2.58 
3.93 

283.08 
0. 21 

SUBCRITICAL 



.. TR-20 S/N: 32001654 

DATE: 12/18/1989 TIME: 09:51:35.70 

DATA FILE: d:\haestad\wmdlt2.t20 
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••••••••••••••••••80-80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY•••••••••••••••••• 

JOB TR-20 
TITLE 001 WHITE MESA HYDROLOGY STUDY 
TITLE DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

10 
20 
30 

5 RAINFL 1 0.1667 w L J R r...~ "~' \ \ d eft\.. s o-1- I ow- I ~ i t\ C~G')v1t~T.5. 8 o.o 
8 7.98 
9 ENDTBL 
6 RUNOFF 1 0101 
3 STRUCT 01 
8 
8 
8 
8 
9 ENDTBL 
6 REACH 3 01 2 
6 RESVOR 2 01 

ENDATA 
··7 INCREM 6 

7 COMPUT 7 01 01 
ENDCMP 
END JOB 

5.12 6. 77 7.34 7.67 
8.25 8.25 8.25 8. 25 

0.0750 77. 0.161 1 1 1 1 

fl. Q~f.s.) 5-lo~e(l\~) 
5644. o.o o.o 

5645.8' 62.7 5.0 
5646.0 75.90 5.2 
5647.9 269.26 20.0 

1400. ~ L. ~"' 0.224 ~ 1.50f"1 1 1 1 r 5644.0 ~='lt~t' 1 1 1 1 1 1 
s..\ ... ,..o~-; t\ ~ t.l~v, 

o.o1- r;.-...t !"'c.r. -'C!W' h'14~"'*' 
o.o 1 .o 1. 01 2 01 

70 
80 

90 

100 

110 
120 
130 

•••••••••••••••••••••••••••••••END OF 80-80 LIST•••••••••••••••••••••••••••••••• 



TR20 XEQ 12/18/1989 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

20 
30 

JOB PASS 
PAGE 

FILE NO. 

COMPUTER PROGRAM FOR PROJECT FORMULATION - HYDROLOGY USER NOTES 

THE USERS MANUAL FOR THIS PROGRAM IS THE MAY 1982 DRAFT OF TR-20. CHANGES FROM THE 2/14/74 VERSION INCLUDE: 

REACH ROUTING- THE MODIFIED ATT-KIN ROUTING PROCEDURE REPLACES THE CONVEX METHOD. INPUT DATA PREPARED FOR 
PREVIOUS PROGRAM VERSIONS USING CONVEX ROUTING COEFFICIENTS WILL NOT RUN ON THIS VERSION. 

THE PREFERRED TYPE OF DATA ENTRY IS CROSS SECTION DATA REPRESENTATIVE OF A REACH. IT IS RECOMMENDED THAT 
THE OPTIONAL CROSS SECTION DISCHARGE-AREA PLOTS BE OBTAINED WHENEVER NEW CROSS SECTION DATA IS ENTERED. 
THE PLOTS SHOULD BE CHECKED FOR REASONABLENESS AND ADEQUACY OF INPUT DATA FOR THE COMPUTATION OF "M" 
VALUES USED IN THE ROUTING PROCEDURE. 

GUIDELINES FOR DETERMINING OR ANALYZING REACH LENGTHS AND COEFFICIENTS (X.M) ARE AVAILABLE IN THE USERS 
MANUAL. SUMMARY TABLE 2 DISPLAYS REACH ROUTING RESULTS AND ROUTING PARAMETERS FOR COMPARISON AND CHECKING. 

HYDROGRAPH GENERATION - THE PROCEDURE TO CALCULATE THE INTERNAL TIME INCREMENT AND PEAK TIME OF THE UNIT 
HYDROGRAPH HAVE BEEN IMPROVED. PEAK DISCHARGES AND TIMES MAY DIFFER FROM THE PREVIOUS VERSION. OUTPUT 
HYDROGRAPHS ARE STILL INTERPOLATED. PRINTED. AND ROUTED AT THE USER SELECTED MAIN TIME INCREMENT. 

INTERMEDIATE PEAKS - METHOD ADDED TO PROVIDE DISCHARGES AT INTERMEDIATE POINTS WITHIN REACHES WITHOUT ROUTING. 

OTHER - THIS VERSION CONTAINS SOME ADDITIONS TO THE INPUT AND NUMEROUS MODIFICATIONS TO THE OUTPUT. USER 
OPTIONS HAVE BEEN MODIFIED AND AUGMENTED ON THE JOB RECORD. RAINTABLES ADDED. ERROR AND WARNING MESSAGES 
EXPANDED. AND THE SUMMARY TABLES COMPLETELY REVISED. THE HOLDOUT OPTION IS NOT OPERATIONAL AT THIS TIME. 

PROGRAM QUESTIONS OR PROBLEMS SHOULD BE DIRECTED TO HYDRAULIC ENGINEERS AT THE SCS NATIONAL TECHNICAL CENTERS: 

CHESTER. PA (NORTHEAST) -- 215-499-3933. 
LINCOLN. NB (MIDWEST) -- 541-5318 (FTS). 

FORT WORTH. TX (SOUTH) 
PORTLAND, OR (WEST) 

OR HYDROLOGY UNIT. ENGINEERING DIVISION, LANHAM, MD -- 436-7383 (FTS). 

PROGRAM CHANGES SINCE MAY 1982: 

12/17/82 - CORRECT PEAK RATE FACTOR FOR USER ENTERED DIMHYD 

334-5242 (FTS) 
423-4099 (FTS) 

CORRECT REACH ROUTING PEAK TRAVEL TIME PRINTED WITH FULLPRINT OPTION 
5/02/83 - CORRECT COMPUTATIONS FOR ---

1. DIVISION OF BASEFLOW IN DIVERT OPERATION 
2. HYDROGRAPH VOLUME SPLIT BETWEEN BASEFLOW AND ABOVE BASEFLOW 
3. CROSS SECTION DATA PLOTTING POSITION 
4. INTERMEDIATE PEAK WHEN "FROM" AREA IS LARGER THAN "THRU" AREA 
5. STORAGE ROUTED REACH TRAVEL TIME FOR MULTIPEAK HYDROGRAPH 
6. ORDERING "FLOW-FREQ" FILE FROM SUMMARY TABLE #3 DATA 
7. BASEFLOW ENTERED WITH READHYD 
8. LOW FLOW SPLIT DURING DIVERT PROCEDURE #2 WHEN SECTION RATINGS START AT DIFFERENT ELEVATIONS 

ENHANCEMENTS ---
1. REPLACE USER MANUAL ERROR CODES (PAGE 4-9 TO 4-11) WITH MESSAGES 
2. LABEL OUTPUT HYDROGRAPH FILES WITH CROSS SECTION/STRUCTURE. ALTERNATE AND STORM NO'S 

09/01/83 -CORRECT INPUT AND OUTPUT ERRORS FOR INTERMEDIATE PEAKS 
CORRECT COMBINATION OF RATING TABLES FOR DIVERT 
CHECK REACH ROUTING PARAMETERS FOR ACCEPTABLE LIMITS 
ELIMINATE MINIMUM REACH TRAVEL TIME WHEN ATT-KIN COEFFICIENT EQUALS ONE 
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1\HITE MESA HYDROL(X;Y STUDY 
DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

EXECUTIVE CONTROL OPERATION INCREM MAIN TIME INCREMENT • 0.01 HOURS 

20 
30 

JOB 1 PASS 
PAGE 

RECORD ID 

EXECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 
STARTING TIME • 0.00 
ALTERNATE NO.· 0 

RAIN DEPTH • 1 .00 
1 TO STRUCTURE 
RAIN OURAT ION· 1.00 RAIN TABLE NO.· 1 

RECORD ID 
ANT. MOIST. COND• 2 

STORM NO. • 1 MAIN TIME INCREMENT • 0.01 HOURS 

OPERATION RUNOFF CROSS SECTION 

OPERATION RUNOFF STRUCTURE 

PEAK TIME(HRS) 
0.21 

PEAK DISCHARGE(CFS) 
1247.50 

TIME(HRS) 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 

FIRST HYDR(X;RAPH POINT • 0.00 HOURS 

1 .20 
1. 30 
1 .40 
1. 50 

DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 

o.oo 3.04 
537.85 

1239.65 
851.30 
513.96 
261.15 
159.89 
109.28 
95.00 
89.25 
81.37 
50.77 
11.74 
2.46 
0.46 
0.02 

641.93 
1247.49 

799.66 
484.35 
247.19 
152.01 
107.16 

94.23 
88.43 
80.76 
45.20 
10.08 
2.09 
0.38 
o. 01 

12.64 30.88 
743.49 

1240.66 
752.81 
454.26 
235.01 
144.65 
105.26 

93.56 
87.55 
79.88 
39.77 
8.64 
1. 78 
0.31 
o.oo 

839.18 
1218.73 

712.37 
424.33 
224.05 
137.92 
103.53 
92.98 
86.64 
78.61 
34.65 
7.40 
1. 52 
o. 25 

PEAK ELEVATION(FEET) 
(RUNOFF) 

TIME INCREMENT • 0.01 HOURS 
60.34 

927.85 
1182.98 

678.16 
395.20 
213.97 
131 .83 
101.94 
92.49 
85.74 
76.79 
29.91 
6.33 
1. 29 
0.20 

104.34 
1008.35 
1136.36 
648.38 
367.44 
204.44 
126.44 
100.49 
92.04 
84.85 
74.25 
25.61 

5.42 
1. 09 
0.16 

165.50 
1079.03 
1082.41 

621 .13 
341.57 
195.13 
121.76 
99.16 
91.60 
84.02 
70.84 
21.83 

4.63 
0.92 
0.12 

DRAINAGE AREA • 
243.40 

1138.04 
1024.59 

595.21 
317.84 
185.95 
117.80 
97.96 
91.14 
83.24 
66.60 
18.63 

3.96 
o. 78 
0.09 

334.45 
1184.36 

965.11 
569.38 
296.41 
176.96 
114.48 
96.87 
90.61 
82.54 
61 .68 
15.95 

3.38 
0.65 
0.06 

0.08 SQ.MI. 
434.10 

1218.26 
906.78 
542.43 
277.48 
168.23 
111.68 
95.88 
89.99 
81.92 
56.33 
13.68 
2.88 
0.55 
0.04 

RUNOFF VOLUME ABOVE BASEFLOW • 8.25 WATERSHED INCHES, 399.24 CFS-HRS, 32.99 ACRE-FEET; BASEFLOW • 0.00 CFS 

HYDRt:X;RAPH FOR XSECTION 1, ALTERNATE 0, STORM 1, ADDED TO OUTPUT HYDRt:X;RAPH FILE 

HYOR(X;RAPH FOR STRUCTURE 1. ALTERNATE 0. STORM 1, ADDED TO OUTPUT HYDRt:X;RAPH FILE 

OPERATION REACH CROSS SECTION 

IME(HRS) 
o.oo 
0.10 
o. 20 
0.30 
0.40 

PEAK TIME(HRS) 
0.28 

PEAK DISCHARGE(CFS) 
1059.70 

PEAK ELEVATION(FEET) 
(NULL) 

FIRST HYDR(X;RAPH POINT • 0.00 HOURS TIME INCREMENT • 0.01 HOURS 
DISCHG 0.00 0.00 
DISCHG 
DISCHG 
DISCHG 
DISCHG 

111.51 
772.95 

1041.95 
750.12 

157.40 
836.30 

1022.72 
720.58 

o.oo 0.43 2.17 6.25 13.95 
211.52 
893.68 
998.33 
691.18 

2 72.75 
944.01 
970.07 
661.76 

339.71 
986.21 
939.16 
632.24 

410.76 
1019.28 

906.90 
602.66 

484.32 
1042.57 
874.36 
573.15 

DRAINAGE AREA • 
26.80 46.53 

558.86 
1055.91 

842.21 
543.89 

632.86 
1059.68 
810.76 
515.11 

0.08 SQ.MI. 
74.54 

704.72 
1054.69 

780.10 
487.04 

110 
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0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1. 20 
1. 30 
1.40 
1.50 
1 .60 
1. 70 
1 .80 

DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 
DISCHG 

459.92 
263.18 
159.01 
113.81 
96.92 
87.72 
75.76 
38.63 
13.19 

3.83 
0.98 
0.21 
0.04 
0.01 

433.97 
249.68 
152.27 
111.26 
95.93 
86.89 
73.00 
35.08 
11.72 

3.36 
0.84 
0.18 
0.04 
o.oo 

409.39 
236.90 
146.16 
108.95 
94.98 
86.11 
69.83 
31.76 
10.41 

2. 95 
0.73 
0.15 
0.03 

386.31 
224.83 
140.61 
106.85 
94.05 
85.35 
66.33 
28.67 

9.22 
2.58 
0.62 
0.13 
0.03 

RUNOFF VOLUME ABOVE BASEFLOW • 8.25 WATERSHED INCHES. 

364.79 
213.42 
135.58 
104.96 
93.13 
84.57 
62.55 
25.82 
8.16 
2.26 

0.54 
0.11 
0.02 

344.77 
202.68 
131 .02 
103.26 

92.20 
83.72 
58.58 
23.20 

7. 22 
1. 97 
0.46 
0.10 
0.02 

399.23 CFS-HRS. 

326.16 
192.60 
126.88 
101.72 
91.28 
82.73 
54.50 
20.80 
6.37 
1.72 
0.39 
0.08 
o. 01 

308.84 
183.19 
123.13 
100.35 
90.37 
81.53 
50.39 
18.61 
5.62 
1.50 
0.34 
0.07 
0.01 

292.67 
174.45 
119.72 
99.10 
89.46 
80.01 
46.33 
16.62 

4.95 
1 .30 
0.29 

0.06 
0.01 

277.49 

166.39 
116.62 
97.97 
88.58 
78.10 
42.39 
14.82 
4.36 
1.13 
0.25 
o.os 
0.01 

32.99 ACRE-FEET; BASEFLOW • 0.00 CFS 

--- HYDROGRAPH FOR XSECTION 1. ALTERNATE 0. STORM 1. ADDED TO OUTPUT HYDROGRAPH FILE---

OPERATION RESVOR STRUCTURE 

PEAK TIME(HRS) 
0.49 

PEAK DISCHARGE(CFS) 
278.37 

TIME (HRS) 
0.00 
o.oo 
0.10 
0.10 
0.20 
0.20 
0.30 
0.30 
0.40 
0.40 
0.50 
0.50 
0.60 
0.60 
0.70 
0.70 
0.80 
0.80 
0.90 
0.90 
1.00 
1.00 
1.10 

FIRST HYDROGRAPH POINT· 0.00 HOURS 
0.10 DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

o.oo 0.02 
5644.00 5644.00 

16.77 22.68 
5644.48 5644.65 

122.98 
5646.46 
223.10 

5647.45 
267.55 

5647.88 
278.27 

5647.99 
270.80 

5647.92 
256.27 

5647.77 
240.37 

5647.62 
225.19 

5647.47 
210.84 

5647.33 
196.52 

135.01 
5646.58 
229.57 

5647.51 
270.04 

5647.91 
278.01 

5647.99 
269.57 

5647.90 
254.68 

5647.76 
238.81 

5647.60 
223.73 

5647.45 
209.44 

5647.31 
194.92 

5644.00 
29.59 

5644.85 
146.92 

5646.70 
235.44 

5647.57 
272.18 

5647.93 
277.62 

5647.98 
268.27 

5647.89 
253.09 

5647.74 
237.25 

5647.59 
222.27 

5647.44 
208.06 

5647.30 
193.28 

0.32 
5644.01 

37.44 
5645.07 

158.55 
5646.81 

240.78 
5647.62 

2 73.97 
5647.95 
277.10 

5647.98 
266.90 

5647.88 
251 .49 

5647.73 
235.71 

5647.57 
220.82 

5647.42 
206.67 

5647.29 
191 .61 

PEAK ELEVATION(FEET) 
5647.99 

TIME INCREMENT • 0.01 HOURS 
0.79 1.63 3.00 

5644.02 5644.05 
46.17 55.67 

5645.33 5645.60 
169.74 

5646.92 
245.66 

5647.67 
275.43 

5647.96 
276.48 

5647.97 
265.48 

5647.86 
249.90 

5647.71 
234.17 

5647.56 
219.37 

5647.41 
205.29 

5647.27 
189.90 

180.38 
5647.03 
250.14 

5647.71 
2 76.57 

5647.97 
275.76 

5647.96 
264.02 

5647.85 
248.30 

5647.69 
232.65 

5647.54 
217.93 

5647.40 
203.89 

5647.26 
188.15 

5644.09 
76.52 

5646.01 
190.35 

5647. 12 
254.27 

5647.75 
277.40 

5647.98 
274.94 

5647.96 
262.52 

5647.83 
246.70 

5647.68 
231 .13 

5647.53 
216.50 

5647.38 
202.48 

5647.24 
186.39 

DRAINAGE AREA • 
5.08 8.01 

5644.15 5644.23 
87.60 99.13 

5646.12 5646.23 
199.62 

5647.22 
258.08 

5647.79 
277.96 

5647.99 
274.03 

5647.95 
260.98 

5647.82 
245.11 

5647.66 
229.63 

5647.51 
215.07 

5647.37 
201.05 

5647.23 
184.60 

208.16 
5647.30 
261.56 

5647.82 
278.28 

5647.99 
273.04 

5647.94 
259.43 

5647.80 
243.53 

5647.65 
228.14 

5647.50 
213.65 

5647.35 
199.58 

5647.22 
182.81 

0.08 SQ.MI. 
11.88 

5644.34 
110.97 

5646.34 
215.98 

5647.38 
264.72 

5647.86 
278.37 

5647.99 
271.96 

5647.93 
257.86 

5647.79 
241.95 

5647.63 
226.66 

5647.48 
212.24 

5647.34 
198.07 

5647.20 
181.00 
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1.10 
1. 20 
1. 20 
1. 30 
1. 30 
1. 40 
1.40 
1. 50 
1. 50 
1. 60 
1.60 
1. 70 
1. 70 
1. 80 
1 .so 
1. 90 
1.90 
2.00 
2.00 
2.10 
2.10 
2.20 
2.20 
2.30 
2.30 
2.40 
2.40 
2.50 
2.50 
2.60 
2.60 
2. 70 
2. 70 
2.80 
2.80 
2.90 
2.90 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 
DISCHG 

ELEV 

5647.19 
179.20 

5647.02 
161 .46 

5646.84 
145.06 

5646.68 
130.23 

5646.53 
116.90 

5646.40 
104.93 

5646.29 
94.19 

5646.18 
84.55 

5646.08 
75.90 

5646.00 
58.61 

5645.68 
52.84 

5645.52 
47.64 

5645.37 
42.95 

5645.23 
38.72 

5645.11 
34.91 

5645.00 
31.47 

5644.90 
28.37 

5644.81 
25.58 

5644.73 

1\1-1 I TE ME SA HYDROLOGY S TUOY 
DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

5647.17 
177.39 

5647.00 
159.75 

5646.82 
143.50 

5646.66 
128.83 

5646.52 
115.64 

5646.39 
103.81 

5646.27 
93.18 

5646.17 
83.65 

5646.08 
71.87 

5645.94 
58.01 

5645.67 
52.30 

5645.50 
47.15 

5645.35 
42.51 

5645.22 
38.32 

5645.10 
34.55 

5644.99 
31 .15 

5644.89 
28.08 

5644.81 
25.32 

5644.73 

5647.15 
175.58 

5646.98 
158.05 

5646.81 
141.97 

5646.65 
127.45 

5646.51 
114.40 

5646.38 
102.69 

5646.26 
92.18 

5646.16 
82.75 

5646.07 
68.05 

5645.88 
57.41 

5645.65 
51.76 

5645.49 
46.66 

5645.34 
42.07 

5645.21 
37.93 

5645.09 
34.19 

5644.98 
30.83 

5644.88 
27.79 

5644.80 
25.06 

5644.72 

5647.14 
173.78 

5646.96 
156.37 

5646.79 
140.44 

5646.63 
126.08 

5646.49 
113.17 

5646.37 
101.59 

5646.25 
91 .19 

5646. 15 
81.86 

5646.06 
64.44 

5645.83 
56.82 

5645.63 
51 .23 

5645.47 
46.18 

5645.33 
41 .64 

5645.20 
37.54 

5645.08 
33.84 

5644.97 
30.51 

5644.88 
27.51 

5644.79 
24.80 

5644.71 

5647.12 
171.99 

5646.94 
154.71 

5646.77 
138.94 

5646.62 
124.72 

5646.48 
111.96 

5646.35 
100.50 

5646.24 
90.21 

5646.14 
80.98 

5646.05 
62.37 

5645.79 
56.23 

5645.61 
50.70 

5645.46 
45.71 

5645.31 
41.21 

5645.18 
37.15 

5645.07 
33.49 

5644.96 
30.20 

5644.87 
27.22 

5644.78 
24.54 

5644.70 

5647.10 
170.21 

5646.93 
153.06 

5646.76 
137.45 

5646.60 
123.38 

5646.47 
110.76 

5646.34 
99.42 

5646.23 
89.24 

5646.13 
80.11 

5646.04 
61.73 

5645.77 
55.65 

5645.60 
50.17 

5645.44 
45.23 

5645.30 
40.78 

5645.17 
36.77 

5645.06 
33.15 

5644.95 
29.88 

5644.86 
26.94 

5644.77 
24.29 

5644.70 

RUNOFF VOLUME ABOVE BASEFLOW • 7.78 WATERSHED INCHES. 376.74 CFS-HRS. 

5647.09 
168.43 

5646.91 
151.43 

5646.74 
135.97 

5646.59 
122.06 

5646.45 
109.57 

5646.33 
98.35 

5646.22 
88.29 

5646.12 
79.25 

5646.03 
61.09 

5645.75 
55.08 

5645.58 
49.66 

5645.43 
44.77 

5645.29 
40.36 

5645.16 
36.39 

5645.04 
32.81 

5644.94 
29.58 

5644.85 
26.66 

5644.77 
24.04 

5644.69 

5647.07 
166.67 

5646.89 
149.81 

5646.73 
134.51 

5646.58 
120.75 

5646.44 
108.39 

5646.32 
97.30 

5646.21 
87.34 

5646.11 
78.40 

5646.02 
60.46 

5645.74 
54.51 

5645.56 
49.14 

5645.41 
44.31 

5645.27 
39.94 

5645.15 
36.01 

5645.03 
32.47 

5644.93 
29.27 

5644.84 
26.39 

5644.76 
23.79 

5644.68 

20 
30 

5647.05 
164.92 

5646.87 
148.21 

5646.71 
133.07 

5646.56 
119.45 

5646.43 
107.23 

5646.31 
96.25 

5646.20 
86.40 

5646.10 
77.56 

5646.02 
59.84 

5645.72 
53.95 

5645.55 
48.64 

5645.40 
43.85 

5645.26 
39.53 

5645.13 
35.64 

5645.02 
32.13 

5644.92 
28.97 

5644.83 
26.12 

5644.75 
23.55 

5644.68 

JOB 1 

5647.03 
163.18 

5646.86 
146.63 

5646.69 
131.64 

5646.55 
118.17 

5646.42 
106.07 

5646.30 
95.22 

5646.19 
85.47 

5646.09 
76.72 

5646.01 
59.22 

5645.70 
53.39 

5645.53 
48.14 

5645.38 
43.40 

5645.25 
39.13 

5645.12 
35.27 

5645.01 
31 .80 

5644.91 
28.67 

5644.82 
25.85 

5644.74 
23.30 

5644.67 

31.13 ACRE-FEET; BASEFLOW • 0.00 CFS 

--- HYDROGRAPH FOR STRUCTURE 1. ALTERNATE 0. STORM 1. ADDED TO OUTPUT HYOROGRAPH FILE ---

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS RECORD ID 

XECUTIVE CONTROL OPERATION ENDJOB RECORD ID 

PASS 1 
PAGE 4 

120 

130 



TR20 XEQ 12/18/1989 
REV 09/01/83 

\\I-IlTE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

20 
30 

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED 
(A STAR(•) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(7) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

JOB 1 SUMMARY 
PAGE 5 

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE 
>TRUCTURE CONTROL DRAINAGE TABLE MOIST TIME ------------------------- RUNOFF --------------------------------------

ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 
CSQ Ml) (HR) (HR) (IN) (HR) (IN) (FT) (HR) (CFS) CCSM) 

AL!ERNATE Q STQRM 1 
XSECTION RUNOFF 0.08 0.01 0.0 8. 25 1.00 8.25 0.21 1247.50 16633 0 3 
"'.SECTION REACH 0.08 2 0.01 0.0 8.25 1.00 8. 25 0.28 1059.70 14129.4 

TRUCTURE RESVOR 0.08 0.01 0.0 B. 25 1 .oo 7.78 fE!!:99 1 0.49 278.37 3711.6 

c 7 
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TR20 XEQ 12/18/1989 
REV 09/01/83 

1\H I TE MESA HYDROLOGY STUDY 
ORAINAGE ABOVE DITCH 2 USING RETENTION POND 

20 

30 

SUMMARY TABLE 2 - SELECTED MODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS 

JOB 1 SUMMARY 
PAGE 6 

(A STAR(•) AFTER VOLUME ABOVE BASE(IN) INDICATES A HYDROGRAPH TRUNCATED AT A VALUE EXCEEDING BASE+ 10% OF PEAK 
A QUESTION MARK(?) AFTER COEFF.(C) INDICATES PARAMETERS OUTSIDE ACCEPTABLE LIMITS. SEE PREVIOUS WARNINGS) 

~YQBOGB~etl INFQBMATIQN RQU!ING PARAMETERS PEAK 
OUTFLOW+ VOLUME MAIN ITER- Q AND A PEAK SIQ ATT- TRA~EL !IME 

XSEC REACH INEI.QW OUIELQW INTEBV.AREA BASE- ABOVE TIME AT ION EOU~!IQN LENGTH RATIO @PEAK KIN STOR- KINE-
ID LENGTH PEAK TIME PEAK TIME PEAK TIME FLOW BASE I NCR # COEFF POWER FACTOR 0/1 (K) COEFF AGE MATIC 

(FT) (CFS) (HR) (CFS) (HR) (CFS) (HR) (CFS) (IN) (HR) (X) (M) (K•) (Q•) (SEC) (C) (HR) (HR) 

ALTERNATE Q SIQ&\1 1 
1400 1247 0.2 1060 0.3 0 8.25 0.01 0.224 1 .so 0.169 0.849 235 0.14 0.06 0.07 



TR20 XEO 12/18/1989 
REV 09/01/83 

SUMMARY TABLE 3 - DISCHARGE 

~SECTION/ DRAINAGE 
STRUCTURE AREA 

ID (SO Ml) 

STR!..!CI!..!RE Q.Qa 
ALTERNATE 0 

XSECT!QN Q.Qa 
ALTERNATE 0 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 2 USING RETENTION POND 

(CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES 

STORM NUMBERS .......... 

278.37 

1059.70 

20 

30 
JOB 1 SUMMARY 

PAGE 7 



DITCH 3 



WHITE MESA 
DRAINAGE ABOVE DITCH 3 

TRAPEZOID CHANNEL 

ENTER OUTPUT 
BOTTOM WIDTH (8)-FT. 1 0 AREA (FT"2) 22.78 
SIDE SLOPE (?:1 )-(H:V) 2 HYD RADIUS -{FT.) 1. 2 9 
FLOW DEPTH {_Y_)_-FT. 1. 7 VELOCITY-(FPS) 4.30 
ROUGHNESS COEF.(N) 0.0225 FLOW -(CFS) 97.87 
CHANNEL GRADIENT (S)-FT/FT 0.003 FROUDE # 0.50 

FLOW TYPE SUBCRITICAL 



. TR-20 S/N: 32001654 

DATE: D1/05/1990 TIME: 09:12:28.68 

DATA FILE: d:\haestad\wmditch3.t20 

W t+ ITE MESA

DITCH 3 



******************80-80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY****************** 

OS TR-20 10 
TITLE 001 ~HITE MESA HYDROLOGY STUDY 20 
-nLE DRAINAGE ABOVE DITCH 3 30 
5 RAINFL 1 1 0.1667 40 
8 0.0 6.11 7.34 7.67 7.98 
8 8.25 8.25 8.25 8.25 8.25 
9 ENDTBL 70 
6 RUNOFF 0.0041 77. 0.061 1 1 80 
6 REACH 3 002 2 350. 0.4 1.331 1 1 90 

ENDATA 100 
.7 INCREM 6 0.01 
7 COMPUT 7 001 002 0.0 1.0 1.01 2 01 110 

ENDCMP 1 120 
ENDJOB 2 130 

*~*****************************END OF 80-80 LIST******************************** 



TR20 XEQ 01/05/1990 
REV 09/01/83 

YHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 3 

20 
30 

JOB 1 PASS 
PAGE 

ILE NO. 

COMPUTER PROGRAM FOR PROJECT FORMULATION - HYDROLOGY USER NOTES 

THE USERS MANUAL FOR THIS PROGRAM IS THE MAY 1982 DRAFT OF TR-20. CHANGES FROM THE 2/14/74 VERSION INCLUDE: 

REACH ROUTING - THE MODIFIED ATT-KIN ROUTING PROCEDURE REPLACES THE CONVEX METHOD. INPUT DATA PREPARED FOR 
PREVIOUS PROGRAM VERSIONS USING CONVEX ROUTING COEFFICIENTS YILL NOT RUN ON THIS VERSION. 

THE PREFERRED TYPE OF DATA ENTRY IS CROSS SECTION DATA REPRESENTATIVE OF A REACH. IT IS RECOMMENDED THAT 
THE OPTIONAL CROSS SECTION DISCHARGE-AREA PLOTS BE OBTAINED YHENEVER NEY CROSS SECTION DATA IS ENTERED. 
THE PLOTS SHOULD BE CHECKED FOR REASONABLENESS AND ADEQUACY OF INPUT DATA FOR THE COMPUTATION OF "M" 
VALUES USED IN THE ROUTING PROCEDURE. 

GUIDELINES FOR DETERMINING OR ANALYZING REACH LENGTHS AND COEFFICIENTS (X,M) ARE AVAILABLE IN THE USERS 
MANUAL. SUMMARY TABLE 2 DISPLAYS REACH ROUTING RESULTS AND ROUTING PARAMETERS FOR COMPARISON AND CHECKING. 

HYDROGRAPH GENERATION - THE PROCEDURE TO CALCULATE THE INTERNAL TIME INCREMENT AND PEAK TIME OF THE UNIT 
HYDROGRAPH HAVE BEEN IMPROVED. PEAK DISCHARGES AND TIMES MAY DIFFER FROM THE PREVIOUS VERSION. OUTPUT 
HYDROGRAPHS ARE STILL INTERPOLATED, PRINTED, AND ROUTED AT THE USER SELECTED MAIN TIME INCREMENT. 

INTERMEDIATE PEAKS - METHOD ADDED TO PROVIDE DISCHARGES AT INTERMEDIATE POINTS YITHIN REACHES YITHOUT ROUTING. 

OTHER - THIS VERSION CONTAINS SOME ADDITIONS TO THE INPUT AND NUMEROUS MODIFICATIONS TO THE OUTPUT. USER 
OPTIONS HAVE BEEN MODIFIED AND AUGMENTED ON THE JOB RECORD, RAINTABLES ADDED, ERROR AND YARNING MESSAGES 
EXPANDED, AND THE SUMMARY TABLES COMPLETELY REVISED. THE HOLDOUT OPTION IS NOT OPERATIONAL AT THIS TIME. 

PROGRAM QUESTIONS OR PROBLEMS SHOULD BE DIRECTED TO HYDRAULIC ENGINEERS AT THE SCS NATIONAL TECHNICAL CENTERS: 

CHESTER, PA (NORTHEAST) -- 215-499-3933, FORT YORTH, TX (SOUTH) 
LINCOLN, NB (MIDYEST) -- 541-5318 (FTS), PORTLAND, OR (~EST) 
OR HYDROLOGY UNIT, ENGINEERING DIVISION, LANHAM, MD -- 436-7383 (FTS). 

PROGRAM CHANGES SINCE MAY 1982: 

12/17/82 - CORRECT PEAK RATE FACTOR FOR USER ENTERED DIMHYD 

334-5242 (FTS) 
423-4099 (FTS) 

CORRECT REACH ROUTING PEAK TRAVEL TIME PRINTED YITH FULLPRINT OPTION 
5/02/83 - CORRECT COMPUTATIONS FOR ---

1. DIVISION OF BASEFLOY IN DIVERT OPERATION 
2. HYDROGRAPH VOLUME SPLIT BETYEEN BASEFLO~ AND ABOVE BASEFLO~ 
3. CROSS SECTION DATA PLOTTING POSITION 
4. INTERMEDIATE PEAK YHEN "FROM" AREA IS LARGER THAN "THRU" AREA 
5. STORAGE ROUTED REACH TRAVEL TIME FOR MULTIPEAK HYDROGRAPH 
6. ORDERING "FLO~-FREQ" FILE FROM SUMMARY TABLE #3 DATA 
7. BASEFLO~ ENTERED YITH READHYD 
8. LO~ FLO~ SPLIT DURING DIVERT PROCEDURE #2 ~HEN SECTION RATINGS START AT DIFFERENT ELEVATIONS 

ENHANCEMENTS ---
1. REPLACE USER MANUAL ERROR CODES (PAGE 4-9 TO 4-11) ~ITH MESSAGES 
2. LABEL OUTPUT HYDROGRAPH FILES YITH CROSS SECTION/STRUCTURE, ALTERNATE AND STORM NO'S 

09/01/83 - CORRECT INPUT AND OUTPUT ERRORS FOR INTERMEDIATE PEAKS 
CORRECT COMBINATION OF RATING TABLES FOR DIVERT 



CHECK REACH ROUTING PARAMETERS FOR ACCEPTABLE LIMITS 
ELIMINATE MINIMUM REACH TRAVEL TIME WHEN ATT-KIN COEFFICIENT EQUALS ONE 



TR20 XEQ 01/05/1990 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 3 

20 
30 

JOB 1 PASS 1 
PAGE 2 

EXECUTIVE CONTROL OPERATION INCREM MAIN TIME INCREMENT = 0.01 HOURS RECORD ID 

~XECUTIVE CONTROL OPERATION COMPUT FROM XSECTION 1 TO XSECTION 2 
STARTING TIME= 0.00 RAIN DEPTH= 1.00 RAIN DURATION= 1.00 RAIN TABLE NO.= 1 

RECORD ID 
ANT. MOIST. COND= 2 

ALTERNATE NO.= 0 STORM NO.= 1 MAIN TIME INCREMENT = 0.01 HOURS 

0PERATION RUNOFF CROSS SECTION 

PEAK TIME(HRS) 
0.16 

PEAK DISCHARGE(CFS) 
96.62 

IMECHRS) FIRST HYDROGRAPH POINT 0.00 HOURS 
0.00 DISCHG 0.00 2.58 10.75 25.68 
0.10 DISCHG 92.23 93.84 94.92 95.61 
0.20 DISCHG 71.80 57.70 45.50 36.55 
0.30 DISCHG 20.41 20.07 19.85 19.68 
0.40 DISCHG 7.96 7.06 6.45 6.03 
0.50 DISCHG 5.26 5.24 5.20 5.15 
0.60 DISCHG 4.93 4.93 4.92 4.92 
0.70 DISCHG 4.71 4.60 4.49 4.42 
0.80 DISCHG 4.29 4.29 4.28 4.28 
0.90 DISCHG 0.83 0.55 0.36 0.24 
1.00 DISCHG 0.01 0.00 

RUNOFF VOLUME ABOVE BASEFLOW = 8.24 WATERSHED INCHES, 

PEAK ELEVATION(FEET) 
(RUNOFF) 

TIME INCREMENT = 0.01 HOURS 
43.59 59.94 72.50 
96.08 96.39 96.61 
30.69 27.00 24.47 
19.35 18.43 16.57 
5.75 5.58 5.46 
5.09 5.04 5.00 
4.92 4.92 4.92 
4.38 4.34 4.32 
4.23 3.96 3.39 
0.16 0.10 0.07 

DRAINAGE AREA = 
80.82 86.31 
96.17 92.97 
22.77 21.62 
14.01 11.50 
5.38 5.32 
4.97 4.95 
4.91 4.89 
4.31 4.30 
2.63 1.87 
0.04 0.03 

21.81 CFS-HRS, 1.80 ACRE-FEET; BASEFLOW = 

0.00 SC.MI. 
89.85 
84.76 
20.90 
9.42 
5.29 
4.94 
4.82 
4.29 
1.26 
0.02 

0.00 CFS 

--- HYDROGRAPH FOR XSECTION 1 , ALTERNATE 0, STORM 1, ADDED TO OUTPUT HYDROGRAPH FILE ---

OPERATION REACH CROSS SECTION 2 

PEAK TIME(HRS) PEAK DISCHARGE(CFS) PEAK ELEVATION(FEET) 
0.21 89.73 (NULL) 

IME(HRS) FIRST HYDROGRAPH POINT 0.00 HOURS TIME INCREMENT = 0.01 HOURS DRAINAGE AREA = 0.00 SC.MI. 
0.00 DISCHG 0.00 0.00 0.00 0.00 0.50 2.47 6.95 14.02 22.88 32.45 
0.10 DISCHG 41.78 50.37 57.98 64.59 70.23 75.00 78.97 82.27 84.99 87.23 
0.20 DISCHG 88.96 89.73 88.77 85.50 80.13 73.45 66.33 59.46 53.19 47.65 
0.30 DISCHG 42.85 38.76 35.31 32.43 30.05 28.08 26.46 25.09 23.80 22.41 
0.40 DISCHG 20.78 18.99 17.15 15.37 13.77 12.36 11.14 10.10 9.23 8.50 
0.50 DISCHG 7.89 7.40 6.99 6.66 6.38 6.15 5.96 5.79 5.65 5.52 
0.60 DISCHG 5.41 5.32 5.25 5.19 5.14 5.09 5.06 5.03 5.01 4.99 
0.70 DISCHG 4.98 4.96 4.93 4.89 4.83 4.76 4.70 4.64 4.58 4.53 
0.80 DISCHG 4.49 4.45 4.42 4.39 4.37 4.36 4.34 4.32 4.25 4.08 
0.90 DISCHG 3.80 3.43 3.01 2.59 2.19 1.84 1.53 1.27 1.04 0.85 

110 



TR20 XEQ 01/05/1990 ~HITE MESA HYDROLOGY STUDY 20 JOB 1 PASS 
REV 09/01/83 DRAINAGE ABOVE DITCH 3 30 PAGE 3 

1.00 DISCHG 0.70 0.57 0.46 0.37 0.30 0.24 0.19 0.16 0.13 0.10 
1.10 DISCHG 0.08 0.06 0.05 0.04 0.03 0.03 0.02 0.02 0.01 0.01 
1.20 DISCHG 0.01 0.00 

RUNOFF VOLUME ABOVE BASEFLOW = 8.24 ~ATERSHED INCHES, 21.81 CFS-HRS, 1.80 ACRE-FEET; BASEFLO~ = 0.00 CFS 

--- HYDROGRAPH FOR XSECTION 2, ALTERNATE 0, STORM 1, ADDED TO OUTPUT HYDROGRAPH FILE ---

EXECUTIVE CONTROL OPERATION ENDCMP COMPUTATIONS COMPLETED FOR PASS RECORD ID 120 

XECUTIVE CONTROL OPERATION ENDJOB RECORD ID 130 



TR20 XEQ 01/05/1990 
REV 09/01/83 

~HITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 3 

20 
30 

JOB 1 SUMMARY 
PAGE 4 

JMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED 
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(?) INDICATES A HYDROGRAPH ~ITH PEAK AS LAST POINT.) 

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE 
STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME ------------------------- RUNOFF --------------------------------------

ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 
(SQ Ml) (HR) (HR) (IN) (HR) (IN) (FT) (HR) (CFS) (CSM) 

ALTERNATE 0 STORM 
XSECTION 1 RUNOFF 0.00 2 0.01 0.0 8.25 0.83 8.24 0.16 96.62 23565.2 
V<;ECTION 2 REACH 0.00 2 0.01 0.0 8.25 0.83 8.24 0.21 89.73 21886.0 



TR20 XEQ 01/05/1990 
REV 09/01/83 

WHITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 3 

20 
30 

JOB 1 SUMMARY 
PAGE 5 

UMMARY TABLE 2 - SELECTED MODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS 
(A STAR(*) AFTER VOLUME ABOVE BASE(IN) INDICATES A HYDROGRAPH TRUNCATED AT A VALUE EXCEEDING BASE + 10% OF PEAK 
A QUESTION MARK(?) AFTER COEFF.(C) INDICATES PARAMETERS OUTSIDE ACCEPTABLE LIMITS, SEE PREVIOUS WARNINGS) 

HYDROGRAPH INFORMATION ROUTING PARAMETERS PEAK 
OUTFLOW+ VOLUME MAIN ITER- Q AND A PEAK S/Q ATT- TRAVEL TIME 

.SEC REACH INFLOW OUTFLOW INTERV.AREA BASE- ABOVE TIME AT! ON EQUATION LENGTH RATIO @PEAK KIN STOR· KINE-
ID LENGTH PEAK TIME PEAK TIME PEAK TIME FLOW BASE INCR # COEFF POWER FACTOR 0/I (K) COEFF AGE MATIC 

(FT) (CFS) (HR) (CFS) (HR) (CFS) (HR) (CFS) (IN) (HR) (X) (M) <K*) (Q*) (SEC) (C) (HR) (HR) 

ALTERNATE 0 STORM 
2 350 97 0.2 90 0.2 0 8.24 0.01 0.400 1.33 0.180 0.929 169 0.19 0.03 0.05 



TR20 XEQ 01/05/1990 
REV 09/01/83 

~HITE MESA HYDROLOGY STUDY 
DRAINAGE ABOVE DITCH 3 

:UMMARY TABLE 3 - DISCHARGE (CFS) AT XSECTIONS AND STRUCTURES FOR All STORMS AND ALTERNATES 

XSECTION/ DRAINAGE 
TRUCTURE AREA STORM NUMBERS ••••••.••• 

ID (SQ Ml) 1 

X SECTION 0.00 
ALTERNATE 0 96.62 

X SECTION 2 0.00 
: ALTERNATE 0 89.73 

20 
30 

JOB 1 SUMMARY 
PAGE 6 
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Frank Webber, PE 
Umetco Minerals Corporation 
1600 Ute Avenue 
Grand Junction, CO 81501 

CONSUL T/NG ENGINEERS I LAND SURVEYORS 

2150 Hwy. 6 & 50, Grand Junction, CO 81505-9422 • 303/242-5202 • FAX 242-1672 

October 27, 1989 

RE: WAVE RUNUP - White Mesa Mill Tailings Cells 

Dear Frank: 

This letter report presents the findings of a wave runup study 
at the referenced site. Should you have any questions about the 
results or procedure please give me a call. 

AUTHORIZATION AND SCOPE 

The wave runup study was authorized by Frank Webber of Umetco 
Minerals Corp. on Friday, Oct. 20, 1989. The purpose of the study 
was to determine wave runup potential in the tailings cells at the 
White Mesa Mi 11 Site in a manner acceptable to the Nuclear Regula tory 
Commission. 

The scope of work included runup calculations for Cells 1I, 3, 
and 4A. It was requested that several operational scenarios be 
evaluated for Cell 3. No evaluation was requested for Cell 2. 

The required procedure for determining wave runup is presented 
in the U.S. Army Corp of Engineers Shore Protection Manual (SPM). 
This two volume manual presents detailed methodology for determining 
wave characteristics and runup. It was requested that the wave 
characteristics in the tailings cells be determined using the 
procedures for wave forecasting in shallow water. During the course 
of the study it was determined that deep water procedures were 
applicable and they, therefore, were used in lieu of the shallow 
water procedures. The rational behind this change is covered in the 
in the ensuing discussion. 

DISCUSSION 

Fetch Distance 

Fetch distance for each cell was determined as outlined in SPM 
Chap 3, Sec. V.1. The longest possible fetch distance in each cell 
was used. For cell 3, three scenarios were developed. The first 
scenario is the present condition where the east 1/3 of the cell is 
full of tailings and the western 2/3's is full of water. The second 
scenario is for the east 1/2 of the cell to be full of tailings and 
the west 1/2 to be full of water. The third scenario calls for the 



! .~ 

east 3/4 of the cell to be full of tailings while the west 1/4 is 
full of water. 

Water Depth 

Water depths corresponding to the maximum possible were chosen 
for the cells. This was done because higher waves are generated in 
deep water than in shallow water, and is was desired to evaluate each 
cell in the most conservative manner possible. 

Shallow Water -vs- Deep Water Methodology 

It was requested that the runup evaluation use the shallow water 
methodology. During analysis it was determined that deep water 
methods were applicable rather than the shallow water methods. The 
waves generated on the tailings cells have small amplitudes and 
periods. The relationship between the water depth in the cells and 
the wave period showed, in all cases, that the deep water methodology 
applied. The deep water methodology is the more conservative as wave 
energy dissipation in the cell floor is not considered. 

Wind Speed 

A sustained wind speed of 30 mph was used for all runup calcu
lations. This wind speed was used at the direction of the NRC. 

RESULTS 

The findings are summarized in the table below. 

WIND WAVE 
CELL # SPEED DEPTH FETCH HEIGHT RUNUP 

(mJ2h} (feet} (feet} (feet} (feet) 

1! 30 15 2500 0.62 0.90 

3-W 2/3 30 15 2610 0.63 0.92 

3-W 1/2 30 15 1930 0.55 0.78 

3-W 1/4 30 15 1340 0.45 0.62 

4A 30 36 1928 0.54 0.77 



\. 
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SENSITIVITY ANALYSIS 

Some analyses were done to evaluate the sensitivity of runup to 
fetch distance and runup to water depth. For a constant wind speed 
of 30 mph runup increases approximately 0.1 foot for every 500 foot 
increase in fetch. In deep water (as in this case) runup is 
independent from water depth. In very shallow water, a small 
increase in depth results in relatively large increase in runup. 
As water depth continues to increase runup becomes less sensitive to 
the depth. Graphs of these analyses are included in the attachments. 

Sincerely; 
WESTERN ENGINEERS, INC. 

C---=---------John M. Currier, PE 

JMC/jmc 

attach: 1) calculations 
2) fetch distance maps 
3) sensitivity analysis graphs 
4) Shore Protection Manual excerpts 
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UMETCO - Blanding, Cell 11 Western Engineers, Inc. 

WAVE FORECASTING FOR SHALLOW WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.VI.1, pg. 3-55 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T""2>= 2.56 then deep water conditions govern 

H'a*c 
Height 
(feet) 

0.61 

T'a*c d/T"'2 
Ua 

(fps) 
44 

depth 
(feet) 

15 

Fetch 
(feet) 
2500.00 

T (period) t 
(seconds) (minutes) 

1.32 8.21 

WAVE FORECASTING FOR DEEP WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.V.3, pg. 3-44 

Ua 
(fps) 

44 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neocessary wind duration to establish waves 
d/T""2>= 2.56 then deep water condition~ govern 

depth 
(feet) 

15 

Fetch 
(feet) 

2500 

H'a*c T'a*c 
Height T (period t . 
(feet) (seconds)(minutes) 

0.62 1.35 18.78 

8.65 , 

24-oct-89 
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UMETCO - Blanding, Cell 3 - West 2/3's Western Engineers, Inc. 24-oct-89 

WAVE FORECASTING FOR SHALLOW WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.VI.1, pg. 3-55 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T""2>= 2.56 then deep water conditions govern 

H'a*c 
Height 
(feet) 

0.62 

T'a*c d/T""2 
Ua 

(fps) 
44 

depth 
(feet) 

15 

Fetch 
(feet) 
2610.00 

T (period) t 
(seconds) (minutes) 

1.33 8.48 

WAVE FORECASTING FOR DEEP WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.V.3, pg. 3-44 

Ua 
(fps) 

44 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T""2>= 2.56 then deep water conditions govern 

depth 
(feet) 

15 

Fetch 
(feet) 

2610 

H'a*c T'a*c 
Height T (period t 
(feet) (seconds)(minutes) 

0.63 1.37 19.33 

8.42 

&7+ 
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UMETCO - Blanding, Cell 3 - West 1/3 Western Engineers, Inc. 24-oct-89 

WAVE FORECASTING FOR SHALLOW WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.VI.1, pg. 3-55 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T"'2>= 2.56 then deep water conditions govern 

H'a*c 
Height 
(feet) 

0.52 

T'a*c d/T"'2 
Ua 

(fps) 
44 

depth 
(feet) 

15 

Fetch 
(feet) 
1760.00 

T (period) t 
(seconds) (minutes) 

1.18 6.33 

WAVE FORECASTING FOR DEEP WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.V.3, pg. 3-44 

ua 
(fps) 

44 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T"'2>= 2.56 then deep water conditions govern 

depth 
(feet) 

15 

Fetch 
(feet) 

1760 

H'a*c T'a*c 
Height T (period t 
(feet) (seconds)(minutes) 

0.52 1.20 14.86 

10.81 

1~ 
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UMETCO - Blanding, Cell 4-A Western Engineers, Inc. 24-oct-89 

SHORE PROTECTION MANUAL, CHAP. 3, SEC.VI.1, pg. 3-55 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T"'2>= 2.56 then deep water conditions govern 

H'a*c 
Height 
(feet) 

0.54 

T'a*c d/T .. 2 

.·.•,f: .. 

Ua 
(fps) 

44 

depth 
(feet) 

36 

Fetch 
(feet) 
1928.00 

T (period) t 
(seconds) (minutes) 

1.22 6.92 

WAVE FORECASTING FOR DEEP WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.V.3, P9• 3-44 

Ua 
(fps) 

44 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 
t = neccessary wind duration to establish waves 
d/T"2>= 2.56 then deep water conditions govern 

depth 
(feet) 

36 

Fetch 
(feet) 

1928 

H'a*c T'a*c 
Height T (period t 
(feet) (seconds)(minutes) 

0.54 1.24 15.80 

···.l'l:\~i( 

24.03 

t.G ·i-
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UMETCO - Blanding, Cell 3 - W 1/2 & W 1/4 

WAVE FORECASTING FOR SHALLOW WATER 
SHORE PROTECTION MANUAL, CHAP. 3, SEC.VI.1, pg. 3-55 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 

W .E. I. 28-oct-89 

~~ 41"~-

t = neccessary wind duration to establish waves 

ua 
(fps) 

44 
44 

WAVE FO 
SHORE P 

d/T""2>= 2.56 then deep water conditions govern 

depth 
(feet) 

15 
15 

Fetch 
(feet) 
1930.00 
1340.00 

H'a*c 
Height 
(feet) 

0.54 
0.45 

T'a*c 
T (period) t 
(seconds) (minutes) 

1.21 6.78 
1.08 5.16 

WAVE FORECASTING FOR DEEP WATER 
·SHORE PROTECTION MANUAL, CHAP. 3, SEC.V.3, pg. 3-44 

Ua = Wind speed in ft/sec 
F = Fetch distance in feet 
d = water depth in feet 

d/T""2 

10.19 - ~ lt'2. 
12.87 - \.t-) Yct 

t = neccessary wind duration to esta.b lish waves 
d/T""2>= 2.56 then deep water conditions govern 

H'a*c T'a*c 
Ua depth Fetch Height T (period t 

(fps) (feet) (feet) (feet) (seoonds)(minutes) 
~ l/-z.. 44 36 1930 0.55 1.24 15.81 -

44 36 1340 0.45 1.10 12.39 - \,.)....~ 'I '1. 

, 



I 
I i 

ltJ ,.eV?-IV~ 

dr ;r 
- =- >3 
H. ~ r.r 

H . ss-
----.;: ----
:J"rz. (::72.2.f.f.2'f)'l.' 6 ... Q1tl 

F 711::J ~~ fi-.~_. 

k. ,.. /..I'Z 

H. 

H .'IS :: o ... D 11~ 

7t; :L'32.. C.JO'~ 2 

Rwn rTf 7>1'2.. 

_g_ ?,.:Z:Z~ -. , 
H. 

,2: t. z-zr(. 'f'J""j :: o ... s-st 

-·_1::;, 7. 13 ~~ ,r.::;_,n:rR 

7<: /.. ?Z 

-e~..~ ~ ~tl :- z, 1 '2C, t.. 7'..7J : o .. 771. .. __ .1?.~ .. 1 .. 12.(. ~ n J :: o .. ~ t 7 

5~><r[ (;7,7_~'------~---·- ---· ?~ (; .. <c,2,. 



~ ·' 

I' 

~ 

--·-

,;A 

i, 
I 

) 

.. , I 



! '/ ~ 
(l 

IJ ! '.-
\ r;' 

i 

I 

\ 
\ 

J\ 

--·--·---,- . - -----· 

· .. : ~; ,:~f~ /i· 
·.·-r.:·.t.-· 

',\: 

•" ( - ' I. 
''t.." 'i 

. 1]1! 

' ,., . 

,I 

... .....,_._...... 

I, . 
-.\ ' 

( I ,· 

) ·' \ .'(!I! (I I! 1 

/ I \ ~ 
·-. .J I 

~ 

,-A 

- .J: 

ii 



RUNUP -VS- FETCH 
Deep Water Wave Generation Conditions 

0.95 
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--- Constant Wind Speed = 30 mph 
Based on "Formulas for Deep Water Wave Prediction" 
USACOE "Shore Protection Manual", Chap. 3, Sec. V.3, and Chap. 7, Sec II.l 
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RUNUP -VS- WATER DEPTH 
Constant Wind Speed = 30 mph, Constant Fetch = 2000 ft 
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--- Wave Runup - Shallow Water Equations -+- Wave Run up - Deep Water Equations 

-a- Depth /Wave Period Squared (right Y -scale) 

Calculations basis is USACOE Shore Protection Manual, Chap 3 
FOR D!f"' 2 > = 256 DEEPWATER WAVE FORMULAS SHOULD BE APPLIED 
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V. SIMPLIFIED METHODS FOR ESTIMATING WAVE CONDITIONS 

'When estimates of wave'. heights, periods, and directions are needed, the 
most accurate procedures are the. numerical methods discussed in Chapter 3, 
Section' III •. However~ ·there .are o'ften 'cases :where neither the time' available 
nor the'' cost:.:.j,i'stifies:::U&ing'·:'complex .~numerical methods~ ··'-'~rD:·'these. cases, a 

- '·. . .... ,.... . • .• • ",.... • 11 ''1 • ~ . . ..... ·.. ' . . . • . ; •· - 1. • 

simplified method may be justified~·-- Chapter. 3, Section V ,3 presents a series 
of equations. and. 'nomograms .that·,: give'; significant ·wave. height. by" H . and 

.· . • . . .. m 
period -~f the·· spectral peak, < T ·.,;;.·for· a. given rindspeed · and fe€ch or 
duration. Estimating .. surface : win~s :·is treated. in Cllapter. 3, · section IV • 
Estimating fetch length. is treated in Chapter 3, Section V, 1. 

The spectrally based significant .wave height H is four times the 
. . _mo 

square root of the variance of the sea surface elevation. In deep water H 
m 

0 
is approximately equal to the significant wave height Hs 
counting and measuring. individual waves (see Olapter 3, 

, which is based on 
Section II,S). In 

shallow water, H becomes less than Hs 
m . 

In both deep and shallow 

water, H 
mo 

0 . 
is based on the wave energy; this is not true for 

. . . . . . ' : .. -~---~~~-- .. ~ ... 1- . --· . 
The following assumptions.' pertain .-to these methods.·- _·The methods will be 

used: for cases·. where··,fetche's:.;are'.'short ·· (80 ·to. i20 kilometers: (50 to· 75 miles) 
or .•. 1~·.~>-·, ~~ i,:t~e ;':'?-~f~~:- ~1}ia~~~~ f.un+.~.om atic:t.<c~n.~ta~~f:.g,!~r ;~~he '·'fetch. 
Cases;t,where . the:wirid;_field{varies frapidly:·in :time~or._with:'distance over the 
fet.~~~i~¥(~ wtu!i:e~~ ~we~li~~~r0tii.1~f.s1!~~Ji~~,~.ce~ ii pr?pag~t.·~~.~~i!>l:t:~~'j a~ea -~ ar,e best 
tre!':.~_:_nu.m~~i~ally. ·.~.:: S~~c-;_.~·-~h~-~.}~O~iti_ons ;a~~-I:J.~~~~Y. ~!_~a~· ~~-:fields. 
are~:;·not .. usually"· estima-ted· ·accurately, t.··do :-not ... assume 'if the : resU.l ts. := are more· 

J. ' ,. ' • ' '! -- .. •.' >)· - . • '"1 I'- ·.••'~ • . 

accurate than'w~r.rant~d .by.:the ::accuracy_· of:.:..:the ·input .!or the simplicity of the .. .. . ""' ~- ,. . . . .. .. . . ,. .. . . . . ' 
method.:.: ... Good, 'tmbiased_ ·.:estima~~-es ~of ''all .. parameters·~ for "':input.· to · the wave 
equations should be A sought·-~·and the j. results .... interpreted . conservatively. 
Individual input parameters should not each be-estimated conservatively, since 

d
.·,_. . . . ' \- .·. ' ..... ··.. . . . . . 

to o. so. may· bias the .. results._:;;_ __ ...... ~"-"-.,;.'.:.."-·-·· .......... ~,,..., . ..:..--·-~- .. -~·--·.. . ..... ·-·· 
o " ,I •·-•·· < "'· • • 

1 • ·! Delineating a Fetch. . : 1 •. 

... _ n .. . .. . . ;'~ ... -:-.~~:--;··""":• _. ....... -:~ .. ~ ~-·.~~: ··:- .. ··-~_-... ·.- ... ,_... -~~ ·::-··· ··-- . _·:". ~·:. • 

· .,A fetch has been defined subjectively as a region in which the windspeed 
and' direction are reasonably :"constant. Confidence in the computed results 
begins :to deteriorate when wind direction variations exceed 15 o ; confidence 
deteriorates significantly when direction deviations exceed 45°. The computed 
results are sensitive to changes in winds peed as small as 1 knot (0 .5 meter 
per second), but it is not possible to estimate the windspeed over any sizable 
region with this precision. • For practical wave predictions it is usually 
satisfactory to regard the windspeed as reasonably constant if variations do 
not exceed 5 knots (2.5 meters per second) from the mean. A coastline upwind 
from the point of interest always limits a fetch. An upwind limit to the 
fetch may also be provided by curvature or spreading of the isobars as 
indicated in Figure 3-20 (Shields and Burdwell, 1970) or by a definite shift 
in wind direction. 'Frequently the discontinuity at a weather· front will l~it 
a fetch, although this is not always so. 

J-39 
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I 

• 

Estimates of the duration of the wind are also needed for wave pre
diction. Computer results, especially for short durations and high windspeeds 
may be sensitive to differences of only a few minutes in the duration. 
Complete synoptic weather charts are prepared only at 6-hour intervals. Thus 
interpolation to . _·determine • the-- duration . may be< necessary. '--~·---Linear inter
polation is :adequate for i·most uses,~ and;:, when, not-,~obviously -~·incorrect, is 
usually the best procedure. -·Care; should be taken not to interpolate if short
duration phenomena, such as frontal passage or:thunderstorms, are present • 

. · .. ~ 

The effect of fetch width on limiting ocean wave growth in a generating 
area may usually be neglected since nearly- all ocean-:fetches have widths about 
as large as their lengths. . In inland ·waters (bays, rivers, , lakes, and 
reservoirs), fetches are limited by landforms surrounding the ·body of water. 
Fetches that are long in comparison to width are frequently found. · It is not 
clear what measure of width is important in limiting the growth of waves. 

1004 

. ·• . . j"'; ,· ...J .... "' ·: , •• 

A . -.. 

1020 1016 

1006 

J-[' 
1012 1006 
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1012 D 

Figure 3-20. Possible fetch limitations • 



', .-· 
Shorelines are usu~lly irregular, and a more general me~hoc fa~ es:~~~~~n~ 

fetch must be applied. A recommended procedure for determining the. fetch 
length consists of constructing nine radials from the point of interest at 3-
degree intervals and extending these radials until they first intersect the 
shoreline. The length of each radial is measured and arithmetically 
averaged. While 3-degree spacing of the radials is used in this example, any 
other small angular spacing could be used. 

2. Simplified Wave-Prediction Models. 

Use of the wave predJ,ction models discussed in Olapter 3, Section III 
(Wave Field) requires an enormous computational effort and more meteorological 
data than is likely to _be found outside of a major forecasting center or 
laboratory. 

The u.s. Navy operates an oceanic forecast facility at Monterey, 
California, and the Corps of Engineers is developing a wave climate for u.s. 
coastal areas using a sophisticated numerical model. The results of the 
latter study are being published as a series of climatological reports by the 
U.S. Army Engineer Waterways Experiment Station. 

• ·~~ .. a, ~ .... ·• ~·• •• ' ' • 4'h , .. -- ... o ... --·•·•a-•• .. ., .. - .. _.. •. _.,,,_.,,-,.,, ._., ·••••• •·· --~-.- •• -·-· • ',. • 

....... 
Computational _ effort reqUired for the ·model . discussed in Chapter 3, 

Section III, 1 (Development of a Wave Field) can be greatly_ reduced by the use 
of simplified assumptions, with only a slight· loss in accuracy for wave height 
calculations, but sometimes with significant.·'loss' of. detail :.on the. distribu
t~on.~, of. wave energy: with ·frequency. .· One· commonly used ~·appro~ch_." is· to assume 

• ~J- • • ·-• •·. • t • . ,\ , ~ • • · I .. f ' ·-· , , • 0 ~ .; ""' 

that both· duration· and fetch are large .. enough to permit· an equilibrium state 
betWeen the mean-wind;:'iturbulence,-. 'and wav~s~"-.. ·<.If this~condi,tion~ exists, all 
other. variables are determined by· the windspeed~ '·---: .. ~·-~-:~;-• "~~:: .. ·.:;s~~ 

~-: ' ·. . ... :t\~1 ' . .' ~_·:. · . . :~:.··. ·-~ _: i :<'···~--~-~~.: .. ... . .:. . '-;.~ -~ -~.-~-~·, 

Pierson and Moskowitz (1964) conaider·"' three. analytic expressions which 
satisfy all the theoretical constraints for an equilibrium spectrum. 
Empirical data described by Moskowitz ( 1964) were used to show that the mbst 
satisfactory of these is 

where 
_3 

a • 8.1 x 10 (dimensionless constant) 

8 • 0.74 (dimensionless constant) 

lab • g/U 

g • acceleration of gravity 

U • windspeed reported by weather ships 

w • wave frequency considered 
. ~-: . . ' . . ' . ~ 

(3-31) 

'·-·Equation· (3-31)·· may~ .. be--·expressed:- in···many-- other- forms.·.-"···Bretschneider 
(1959, 1963) gave an equivalent form, but.with different values for a and a 
A similar expression was also given by ROli~and Fischer (1956). The condition 
in which waves are . in ·equilibrium with the wind is called a fuUy a'T'isen 
sea • The assumption of a universal form for the fully arisen. sea permits the 

3-42 
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fm is the frequency of the spectral peak, and a , a , and r are 
coefficients either fit to an observed spectrum or calculated as functions of 
dimensionless fetch (Hasselmann et al., (1973, 1976). This formula is called 
the Joint North Sea Wave Project (JONSWAP) spectral shape after the field 
experiment on which it is based. Frequently, a single peaked spectrum is 
fitted to this form if parametric analytic spectra are required for mathe
matical analysis. 

Similar formulas can also be developed empirically from wind and wave 
observations. A combined empirical-analytical procedure was used by Sverdrup 
and MOnk. (1947) in the first widely used wave prediction system. The 
Sverdrup-Hunk prediction curves were revised by Bretschneider ( 1952, 1958) 
using empirical data. This prediction system is therefore often called the 
Sverdrup-Munk-Bretschneider (SMB) method.· 

More 
resulted 
the next 
and time 

recent field data (Mitsuyasu, .. 1968; Hasselman et al., 1973) have 
in some revisions to this method. :. 1be ·resulting curves are given in 
section. This wave prediction system is 'convenient when limited data 
are available. · · ·· · · ·· · .. · · · · 

: ' .• :.: . '4 i . ·~ 

·· : ;! ~\. :1"'.&. • ..._ \' "'! • • ': ~I·' •· • t' ·· .. 'I... • '. ": -··,.... -~- .t~:.:" ... ··: ... ~ -~.lol~•; . .,.~· •• ;; • : ~~ ·· • 

, 
3,~::.; Formulas for Predicting Waves in Deep· Water •. ,-~_;-:-. 1 .. ;.· ,._ ·.:: 

·._.4.-v ...... ;,:.:l,•·~~·t·~. ;- . I··· •:."'-:'•' •·:·_·i ·~~:~~-~'~;.u,·'';,, 1 .:,~: .• {~'"4i~"S··: .. :",•···,:.,..:,-;J~i4l,'\:..,.~ ... ;.·";·/ . .,.,· -~~- ~-~ ::;.· 
. ~·.~It .is. desirable to have.·.a: simple~method:·for~making wave ·estimates •.. , This 

. tt'c. - . . . . '. . ..._. . .: ~--:-.-······· ~- .. . • . 

·is; possible only if the geometry:-~of the;..waterbody: is·:relatively"simple and if 
.the::~wave·~ .. conditions .: are either< 'f~tch..:fiin"'it:ect~::~r:~·duration-limited. Under 
fetch:.limited . conditions~ . winds'' h&ve ~. blown'~"'constaritly''long enough for wave 
heights at the end of the fetch. to. reach.;.equilibrium~ • Under duration-limited 
conditions, the wave heights are .limited. by. tha length of time the wind has 
blown~ These· two conditions . represent'· asymptotic· approximations to the 
general problem of wave growth. · In most cases the wave growth pattern at a 
site· is a combination of the two ·cases. Equations ( 3-33) to· ( 3-38) (Table 
3-2) .were obtained by simplifying ,the equation used to develop the parametric 
model (Hasselmann et al., 1976). Two dimensionless plots for wave growth are 
given in Figures 3-21 and 3-22, which also include adjustments for shallow 
water discussed in Chapter 3, Section IV. 

In the fetch-limited case, the parameters required are the fetch, F and 
the wind-stress factor UA (adjusted windspeed), where UA has been adjusted 
as described in Chapter 3, Section IV, and represents. a relatively constant 
average value over the fetch. · The spectral wave height H and peak 
spectral period ~ are the parame~ers·predicted. mo 

gH 
m 

0 --u2 
A. 

(3-33) 

~ .: - . . ' . -
t ,_. • 

(3-34) 
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.a! • 6.88xl0
1 (.&!) 213 

UA - u2 
... A 

and 
(3-35) 

Note that Ti1-3 ,is :·given as 0.95 .. 'tm • The preceding equations are valid up 
to the fully .deve~oped wave conditions given by ..... . 

where 

' .. 

H a the spectrally based significant wave height 
m 

0 

. -:~ ~ the peri<?d of t~~ peak of the wave spectr\Dil 
' ... ; 

. ··' 

(3-36) . 

(3-37) , 

(3-38) 

Often in applying the·wave growth formulas, the engineer must determine if the 
design situation is . fetch limited or ·• duration limited. ·. In these cases 
estimates ·of. a. one .half~-- to 5-, etc. hour windspeeds .. with some return period 
(often 25 or 50 years) may be available •. The objective is to find the largest 
wave height that occurs under these conditions. For example, a given return 
period, the 3Q-minute windspeed, will be higher than the 1- to 3-, etc. hour 
windspeeds; but because of its short · duration it may produce a smaller wave 
height than the 1-hour windspeed. 

A given calculation for a duration should be checked to ensure that it has 
not exceeded the maximun wave height or period possible for the given wind
stress factor and fetch. The nomograms in Figures 3-23 and 3-24 show wave 
prediction curves of empirical values which can be used to check the 
reasonableness of the mathematical solutions. For example, for U A "" 20 
meters per second a duration of 5 · hours yields a height -of 2.5 meters· 
However, if the fetch were only 30 kilometers long, the maximum wave height 
can only be 1.75 meters for a wind-stress factor of 20 meters per second. If 
the wind-stress factor is 20 meters per second and its duration is only 3 
hours, the fetch-limited wave height of 2.5 meters for a fetch of 30 
kilometers would not be reached; therefore, the wave height is duration 
limited. It is essential that fetch-limited wave calculations be checked to 
see if they are duration limited; likewise, duration-limited cases should be 
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checked to see if they are really fetch limited. 
rather than the nomograms, wave conditions should 
they exceed the fully developed condition. 

If the formulas are used 
also be checked to see if 

Wave growth with duration is not as well understood as wave growth with 
fetch··length. Equation (3-36} ·ensures ·that the growth of Hm and ~ with 

time reaches the' fetch-limited value \at 'about the same duratfon specified by 
equation (3-39}. The approxim&tion works well except for long dimensionless 
fetches (relatively long-fetch; low-windspeed cases}. 

Inevitably, estimating wave height and period requires that checks be made 
between fetch, duration, and fully developed limitations. Many design 
situations require iteration between these approaches and the appropriate 
averaged durations. The wave growth formulas must use the wind-stress factor 
and not windspeed. The proper averaging times for the winds (as related to 
the duration and fetch} must be used. This approach is approximate, and the 
number of iterations and adjustments used should reflect this limited 
accuracy. 

4. Narrow Fetch Conditions. 

When early users of the SMB curves applied them to reservoirs and small 
lakes, calculated wave heights were much larger than observed wave heights. 
it\,was . thus assumed that the. narrowness .. of the fetch was affecting wave 
growth •. · The concept. of an effective· :fetch. was introduced which reduced fetch 
length. to' account for the narrowness~ of. the· fetch. The adjustment provided 
improved wave estimates.· When the growth curves presented here were applied 
to similar situations (Resio and 7.'.Vinctuit~ 1979} the· effective. fetch calcu-

·lation resulted in wave heights that were too low, while a straight-line fetch 
provided wave heights closer to obse.rved'values (Fig. 3-25}. Data from inland 
reservoirs were checked by computing:- ,.H~:~:based on an effective fetch and on 
straight-line fetch (Fig. 3-26}. The ·straight-line fetch shows reasonable 
agreement with the growth curves. · . · . 

' The reason an effective fetch adjustment is required for the SMB curves is 
that these curves overpredict wave heights for small values of F more' than 
do recent data. . The effective ·fetch method implicitly assumes a cosine 
directional spread for wind input to the sea. More recent data suggest that a 
cosine to the lOth power describes the ·directional distribution near the peak 
frequency of the spectrum. This ·is a much narrower spread. Effective fetch 
shouLd not be·used with thg growth curves presented herein. There may be a 

critical fetch width where width becomes important, but this is not known at 
this time. 

... 
* * * * * * * * * * * * * * * EXAMPLE PROBLEM 4 * * * * * * * * * * * * * * * 

GIVEN: Eight consecutive hourly observations of fastest mile windspeed U0 = 
20 meters per second are observed at an elevation of ZL "' 6 meters, 
approximately 5 kilometers inland from shore. The observation site is at an 
airport weather station. The air-sea temperature difference was estimated 
to be -6° C. 
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VI. WAVE FORECASTING FOR SHALLOW WATER 

1. Forecasting Curves.· ~ 

Water. depth .. affects wave generation. For 'a given· set.:· of wind and. fetch 
conditions, wave i he~ghts :. will·. be.: ~maller and. wave pe.ri~ds · shorter if genera
tion takes place: .in ,transitional or shallow water rather than in deep water. 
Several forecasting approaches . have been made, including the ·method given by 
Bretschneider .:as·.· modified ; using the results of Ijima . and . Tang (1966). 
Bretschneider and .:Reid ( 1953) consider bottom friction~ and percolation in the 
permeable sea ·bottom.·.,. . · •-

There is no single theoretical .development for· determining the actual 
growth of waves generated by winds blowing over relatively shallow water. The 
method presented here is based· on successive approxiinations in which wave 
energy is added due to wind stress and subtracted due ·tO bottom friction and 
percolation. ··This method uses deepwater forecasting relationships (Chapter 3, 
Section V) to determine the energy added due to wind stress. Wave energy lost 
due to bottom friction and percolation is determined · from the relationships 
developed by Bretschneider and· Reid ( 1953).. Resultant wave heights and 
periods are obtained by combining the . above relationships by numerical 

. methods. The basic . asslDDptions applicable to development· of .. deepwater wave 
generation relationships ~.as . wll·:.as ':.developau!nt:. of.·:relationships ' for bottom 
friction' :loss ·: .. (Putuam~·aii.d ~·Johniiioii..~'tJ:l949)'·,··&nd ~;perc.olat:l.on ·1osa :. (Putnam, 1B49) 
apply.' 1 '.l:The ·''d~ration"''siioUJ.d :. IM!.lC:olis:idered :;;apprOXiuiate :::i~·;·· .• F.:J ... ~::::~,~···~· ,· · 

: · ., · -,::::'{1\.~"" ·.~•:!ll""l~'8\i~~·tt:t·4fi¥,:;;.'" ... ·!1\Lll~ ·~w-, · : ... ,. 'li "!-';~~~··~rl;j'-i:;,;, ". 3 ·~r#.it.:-..:Z·~;.:.:~.~ ·;:~ ~:;.,:~ ; :; .. · 
., "~ .: __ ;_ ·-- 1 ~ 1 -f .. ~->~ ltr-t~~~i!~~~:;~~\·i::~~-~-•jJ~ :~·::.:f-iu.'~t~~~~~- .:·· ~ ,, ~ ~ ~-~ .\:~:~ -~:~. -· rt :. t · -"':"V~~:5~ ~:; __ ,'!~ .. : ;·~-<~ _.:~:. -'~ · .:- • . 

· · ·;'.·:,These ·:shallow-waterJforecastingt curves1(Fig.::3-27:1i,through ~3,;;.36); represent 
an_: interim me~hod,·,f~r;~~ii:~:f~!:~c~st~~g .. ,in shallow:;.~~~~.;:~::~~-~f .. ications ·to the 
shallow-water:. forecasting·· equations':,were ·made ·to :provide'·''aitransition between 
the revised :deepwater ~:~forecas tirig ·. e~ tiona and ; the ;"sh&flo~:.wa ter ··forecasting 
model. Research', is.: underway· ,.that .. uiay revise the.· slUlllow-:water forecasting 
model. . Until the results of:.· this new res.earch ·.are·:. ·available, ·the curves 
should be used •. The curves are .plotted from the following. equations: 

., · .. ! ... · .)i·. \:.::·.~~ ... ·~·.·;:·\.~_!.~ __ · .. '·:~::·;.-·:·';·.: ........ · ·. :\!.. •. ··--· ""-:~-. -~~-;.:;.:~:-·.-.::~·---~-:~~;~~:·' ,, . 

\ , :. ~.:- -{. . .. "1/2 
•. --.. :. ,;.. . 0.00565 .s!.: ' 

~- o.283 ;~\[o~~o,~J/,4] u~h •• u [o.sJolir] -'·'' 
. I . \. 

7.54 tanh [0.833 ( d )3/8] \:! tanh 
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I (3-39) 

·I .. ,. 
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and 

_g! = 5.37 X 

UA 
2 (£! )7 /3 

10 u 
A 

(3-41) 

The wind-stress factor UA (adjusted windspeed) is obtained by 
estimating the surface wind U

8 
in meters per second via Chapter 3, Section 

IV and then setting UA • 0.71 U 1 •23 • Each figure is plotted for a constant 
B. 

water depth d Linear interpolation between figures is sufficiently 
accurate for determining intermediate wave heights and periods. For water 
depths greater than 15 meters (50 feet) and less than 90 meters (300 feet), 
use equations (3-39) to (3-41). For depths greater· than 90 meters (300 feet), 
the revised deepwater forecasting equations should· be used. ' . . . ~ 

• . : I • • •. ~ ,; ' ::. • • 

lbe minimum duration t ·has· been added to ·the 'shallow-water forecasting 
curves to simplify determining. the wind-stress factor: . uA· • Waves with 
periods less than a specified ; value are noted as deepwater . waves on each 
figure._· · lbe duration equation~·U&ed, therefore;. is a transposed,. simplified 
approximation of the deepwater. ~u,r_ation eq~tion~. . · . · · 

::. ::.:· .. ·: 

. . - * * * * * * * * * * * * * *· * EXAMPLE PROBLEM 5 * · * . * *. 1r * * * * * * * * * * 
• • •• : • 0 , ' ·~·· •• !:·~:4~;_:-'•·, ···. ~;;·: :.:~<~·~;. : ;':·,'_:_::~:··:.' 0 ~ • • • ;.{~}\;!.- ;: 0 • •• 0 • 

GIVEN: Fetch length ·: . · . ;·•F,~·-··24.4 km _;;.::=~ (80,000 ft) ~ \7•.:"::: .. ,;·' :. /". , • .•. 

. '::; ~~-/:· · .. ·~- .. ;. .;· . .: · .. :~~:, .. ··;/~!.~q;;.: · •· ~-·' ... -'ntk~ · ~~~~7:.:.~~~-~;,~~~·t·~M~~~ri::;:,;~~\-~- ~. 
, · ~ .. ·.~·;..:· ' ... Wind-stress factor-·- '; --~--UA ~-- 22 m/s ?":iZ.~.<.so. m;f./_h:rL :,.·. -~;i"e:·~·:..;·!::O. ·.; · .:< . - · 

. , . ,., ' .· :~ :.: · .:.,;• .. , . • .. t.~·,...:~·_'.~~·~:·~~I.--_'; oo:.·?;~;t'}~·>;,.1~~~;:1ff¥.??~7?~,;~:>·· .. /_.'~ :\ '· •, • .. · 
··· ·Constant depth · .. ,. · •. d•·~· •· 11 m · · .. .. f·~·· ( 35 ~ ft) -·~··•· ·~···· •"'1· ··• ·" · · 

· . . ':· '. ~.-.;· • ·. .. f_' . .:;· i;:.; '; :.·: . :: ... ::\:·::> . . 
• ·"t --

FIND: Wave height H
8 

Wave period T 

SOLUTION: 

From Figure 3-33a or equation (3-39) and (3-40) 

and 
Hs • 1.5 m 

T • 4.4 s 

(4.9 ft) 

:• 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * .·. .. . . .... ·.· . . ., ..... .. 
. . . • . .. .. !. -~~-·:. . . . .• '· \, ' 

.2. _Propagation Over Flooded; Vegetated ·Land •. ;. : / 
·.-:·;··. "" ... ~.-."\0:,-.. ''t~.... . ... . :~ -::..' · •... · : .. : ... :.·· ... . 'f ~- ;,/ 

:· When· waves travel. across a -:-shallow vflooded area,_. the initial. heights and 
.. .. .. ~ '.. . .· . . ..-: . .._ . . \ 

periods of .. the waves .may:tincrease;. i.e.;·.:wben the·,-wind~stress: exceeds the 
frictional·. stress- of·" the. ground~~'aiid :.vegetation·_ underlYing·: the::' shallow water. 
lbe initial wave heights may de~ay at other::times .. when the''. frictional. stress 
exceeds the wind stress. . .. · 

Camfield (1977) presents an approximate method for estimating the growth 
or decay of wind waves passing over areas with high values of bottom fric
tion. It is assumed that the high friction values can be accounted for by 
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can reasonably be assumed to occur simultaneously at the site. Where hurri
canes cross the coast, high water levels resulting from storm surge and 
extreme wave action generated by the storm occur together and usually provide 
critical design conditions. Design water levels and wave conditions are 
needed for refraction and diffraction analyses, and these analyses must f~llow 
establishment of design water levels and-design wave conditions. 

The frequency of occurrence of adopted design conditions and the frequency 
of occurrence and duration of a range of reasonable combinations of water 
level and wave action are required for an adequate eco11.omic evaluation any 
proposed shore protection scheme. 

II. WAVE RUNUP, OVERTOPPING, 'AND TRANSMISSION 

1. Wave Runup 

-·a. Regular (Monochromatic) Waves. The vertical height above the still
water level to which water from an incident. wave will run up the face of a 
structure determines the required structure-height if wave overtopping cannot 
be permitted (see. Fig. 7-7 for definitio~s). ; · Runup depends on structure shape 
and '· roughness, water depth at structure·! toe;: bottom· slope· in front of a 
structure·, .. and incident wave characteristics. ~Because of . the large; number of 
variabl~s .:·involved,. a complete: description·., :la: not. available. of . the runup 
phenomenon.- in terms ,of all possible·. ranges··'c)f,._\the geometric· variables and wave 

· c:onditions .' .' Numerous . laboratory_:: invest:i.g~_tio~s -.. ·. h&ve r been·._.~ conducted, · but 
mostly:-'• for: runup . on . smooth, impermeablel.rslopes~· .. · Ball, and Watts (1953) 
investigated runup of solitary waves· on 'impermeable slopes; Saville··( 1956) 
investigated runup by periodic waves •. Dai~·and: Kamel (1969) investigated the 
runup and· rundown of waves on rubble breakwaters. Savage (1958) studied 
effects of· structure roughness and slope permeability. Miller (1968) 
investigated runup of undular and fuily broken waves on three beaches of 
different roughnesses. LeMehaute (1963) and Freeman and LeMehaute (1964) 
studied long-period wave runup analytically. Keller et al. (1960), Ho and 
Meyer· ( 1962), and Shen and Meyer ( 1963) studied ·the. motion of a fully broken 
wave and its runup on a sloping beach. 

Figures 7-8 through 7-13 summarize results for small-scale laboratory 
tests of- runup of regular (monochromatic). waves on smooth impermeable slopes 
(Saville, 1958a). The curves are in dimensionless form for the relative runup 
R/H; as a function of deepwater wave. steepness and. structure slope, where 

R is the runup height measured (vertically) from the SWL and H' is the 
un:ref"f'aated deepwte1' wave height (see · Figure .. 7-7 for definitions)~ Results 
predicted by Figures 7-8 through 7-12 are probably smaller than the runup on 
prototype structures because of the· inability- to. scale roughness effects in 
small-scale laboratory tests. · Runup vatuee {1'om ~gu1'eB 7-8 th1'ough 7-12 can 
be adjue_ted fo1' scate effects by using FiguN 7-13._ 

··- -. . . . •· .:· ··: ..... ·:.,_1.:. ~ 4.:: r.··~"!~ o~."t.t ·. ;. ... . 
Runup on impermeable structures · having r quarrystone slopes and runup on 

vertical, stepped, curved and Galveston-type recurved seawalls have been 
studied on laboratory-scale models by Saville (1955,.1956). The results are 
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Point of maximum wave runup 

.. 
h 

T ""''' s_wl 
~ .. ~. .. . : .. ~ 

• .. . . . ·· ...... ··. ·:·-:-· .... ·.: ... .-.·~·: ·.:::.·,.·.:: :·t:. 
,• 

Figure 7-7. Definition sketch: wave runup and overtopping • 

.. ·. : ,·,· ~·;:···~.~:~··:,\f,i·~·.·~~· I. •· '· •- .. 

. \ , , ,,J:• J.-.. • .·ti\ l~.' I' · , _..,...,, ... • .. • • •• 

shown·· in· Figures .. 7-14 through 7-18 ~·-.'c:~Effects#.of ,;,<usinf ·graded riprap on the 
face.: of. an impermeable~ strueture~_(as:Opposed-.fi:o quarcystone'· 'of :'uniform site 
for ~ch Figure·_ 7-15 __ was obtained) "are::pres~nted~_iii·"Figure 7-19 f~r a 1 on 2 
graded riprap slope. Wave rundown· for<• the" same··' slope·' is also presented in 
Figure;:7~19. Runup on peromeabl.B T"U.bbtii.sl.opea·~·as.a_function of structure 

.• ' 2 . . . ; :.,.. .. _ . . . 
slope and H~/gT . 'is ,compared with runup on smooth slopes in Figure 7-20. 

Corrections for scale effects, using the curves. in Figure 7-13, should be 
applied_ to runup values obtained from·. Figures 7-8 through 7-12 and 7-14 
through 7-18.. The values of runup obtained from Figure 7-19 and 7-20 are 
assumed directly· applicable to prototype structures without correction for 
seale effects. 

As previously discussed, Figures 7-8 through 7-20 provide design curves 
for smooth and rough ·slopes, as well · as various wall configurations. As 
noted, there are considerable data on smooth slopes for a wide range of d8/H~ 
values, whereas the rough-slope data.are limited to values of d8/H~ )3 • I 
is frequently necessary to determine. the wave runup on permeable rubble 
structures for specific conditions for which model tests have not been 
conducted, such as breaking waves for. d8/H~ < 3 • ~ provide .the necessary 

desi8n guidance, Battjes (1974), Ahrens· (1977a)·, · and · Stoa (1978) have sug
gested . the use of a roughness and .. poro'si'ty correction. factor that allows the 
use of various. smooth-slope design curves .. for.: application. to other structure 
slope characteristics. This roughness and porosity correction factor, r , 
is the ratio of runup or relative runup on. rough permeable or other nonsmooth 
slope to the runup or relative runup on.a smooth impermeable slope. This is 
expressed by the follo~ng equation: 

7-18 
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Figure 7-12. Wave runup on smooth~·· impermeable slopes when d8/H~ ~ 3 .0 • 
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Figure 7-13. Runup correction for scale effects. 
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FLOOD DETENTION POND 

A flood detention pond was constructed in Drainage Basin B1 to attenuate 
the PMF flood allowing a smaller capacity for Ditch 2. The dike material 
is classifed as an ML-CL soil. The compaction tests average 90.3% of the 
maximum dry density determined by ASTM D698. The dike is approximately 
325 feet long with a minimum crest elevation of 5648.5. At the maximum 
section the crest width is 11.8 feet, 4.97 feet high with 2 horz:l vert 
downstream slope and a 1.8 horz:1 vert upstream slope. The pond will 
retain water only during a storm event. The maximum water surface in 
Ditch 2 during a PMF is elevation 5647.99 leaving 0.51 feet freeboard to 
the top of detention pond dike. Ditch 2 drains the detention pond when 
not in use. Construction of the ditch will be completed by March 31, 
1990. 

The stability analysis for the dike was prepared by using a typical shear 
strength value ( ~) of 31.8 degrees for the sandy silty clay soil. Using 
stability charts from Bureau of Mines manual RI8564, a factor of safety 
equal to 1. 65 was determined. The required safety factor is 1. 5 so the 
dike is stable. 

In the event of a dike failure, the water stored in the pond would flow 
downstream and overtop a mill road approximately 50 feet downstream. 
Roughly 4 acre feet would be stored behind the mill road and the remainder 
would flow into Drainage Basin B3 eventually reaching Cell li. Some of 
the water would be retained in the soil between the cell and the pond. 
Assuming the entire 20 acre foot volume from the pond reached Cell li the 
water surface in Cell li would increase by .38 feet. 
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WHITE MESA MILL 
FLOOD RETENTION DIKE 
STABILITY ANALYSIS 

Material Properties: 

ASTM D698 Proctor Curve 
Max. Dry Density 
Optimum Moisture 

Visual Classification 
Atterburg Limits 

PI 
LL 

Unified Soil Classification 
Avg. Compaction 
Avg. Moisture Content 
Avg. Compacted unit weight ~) 

Shear Strength Parameters: 

110.2 PCF 
15.6% 
Sandy Silty Clay 

7 
25 
ML-CL 
90.3% of Max. 
7.2% of optimum 
99.8 pcf 

Values taken from averages listed in USBR "Small Dams" page 137 
Tan¢ = .62 ¢ = 31.8 
Cohesion - Co (psi) c1 = Co = 9.7 psi 

The factor of safety was determined using RI 8564 Bureau of Mines Report 
on Investigations/1981 "Factor of Safety Charts for Estimating the 
Stability of Saturated and Unsaturated Tailings Pond Embankments. 

1. c 1t~ H = 9.7 psi/99.8 pcf (4.3 ft) = .0226 

2. Avg Slope = 2.0 Harz to 1 Vert. 

3. Appendix A Figure A-4 F=1.65)>1.5 so embankment is stable 

Excerpts from the manual are attached along with the material 
properties. 



F-4 SOIL SAMPLING LOG 

SAMPLE NO. 1// PROJECT NO. ,?h~r Pr~ . .-nA..;:r"' 
v' 

DATE J//6/R? DELIVERED TO LABORATORY 
7~· 

SAMPLED BY /16e6k,_ DATE /~Lc59 

LOCATION ,& c~z-z ;1/ e-T ,.Ph- .. -~ 

(EXAMPLE: STOCKPILE, --------------------------------------------------------------------------------
BORROW AREA, TRUCK·--------------------------------------------------------------------------------
FILL) 

DEPTH t!l -/ / 

SAMPLE TYPE g~,,. :/~~: 
~~~~--------------------------------------------------------------

(EXAMPLE: LARGE BULK 

SAMPLE, DRIVE CYLINDER, ------------------------------------------------------------------------
ECT.) 

(_, ... L • , ..., '· 
VISUAL CLASSIFICATION .__.I ! [. ', _r I - \ \-'-;; ',' c I (I, '.! 

'"-- "-- '\' 

INTENDED USE 8ePrm tfb.,?~~;~, .... ,..J'7~vv 

(EXAMPLE: CLAYEY BORROW, ----------------------------------------------------------------------
RANDOM FILL, 
ETC.) 

TESTING PROGRAM .5'iwl!~, ? r )'} .. :~,: .. A;,,.-
J } 

(EXAMPLE: STANDARD COMPACTION TEST, -----------------------------------------------------------~ 
A TTERBERG LIMITS, 
ETC.) 



SOIL/ AGGREGATE· MOISTURE DENSITY RELATIONS 
-1 ( \ \ \ 

Type of Material_.::='~·._....._.;.:::· a;.;.' .:..\d4---S ... · .... ; _--.._· .:.....·· _
1

::;:··~"\:::..'...;. ·~~)_1'.:;:;\~-

Source of Material f "P'c - IVo r+t- .. _.:... \' " f --

~. C' . I'' 

Test Procedure ,"1 -·:- :' >"-i "'r·· 

Trial No. 1 2 

Water, estimated% 

Water, cc 

Wt. Sample + Mold .·--' ) ~~ --.:_ 

Wt.Mold 

Wt. Wet Sample, gm ,;; 
I . .....,. .... "'·' . ·. ,_.. 

.·v ,..._ _. 

Wt. Wet Sample, lbs. 

Wet Density, pcf 

Moisture Sample, wet -: \,_, :: 
..._ / '- ~ ..;,_/ 

Moisture Sample, Dry 

Wt. Moisture ,::..)_. ---:_ ..:._-.:. j 

Moisture,% 

Dry Density, pcf Ito ·2 

' ,{) 
II. 

1"-j.. 
I "'' 1.1. u a. 

)o ,_ 
iii 
z 
w 
Q 

o5~ -
Q 

' I 

•, '7 MOISTURE CONTE~~ %DRY WEIGHT 
\- i --

'I 

I 

Job No. 
0

- - 4_ A - \/\/ I'/\. 
Lab./lnvoice No. ________ _ 

Sampled By_...:.b...:i'-'1/~~ .J:..;:~:;...·.;.,c; .... i..;,.·J~I _____ Date I I - 1-- S 7 
.I 

SubmittedBY---~------~---------- Date----~-----

Tested/Calc. By_..::.\.:.;:.. . .f ________ Date---~....=...---
Reviewed Bv-------------- Date------

3 4 5 6 7 

2..0.:) 

"'"'2' ::)',..) / 

3;. ::r. 6 

- c_ 1 
- . 0 

J ' -
! I.-

Max. Dry density, pcf I / D .2 
Optimum Moisture Content, % 15' b 

Diameter of Mold, in. -•/,'"Y 

~ ,.., 
Height of Mold, in. - "'\-

No. of Layers 

Blows per Layer 

Wt. of Hammer, lbs. 

Height of Drop 

Material Used ··": f ·., 



F-10 GRADATION ANALYSIS WITH HYDROMETER -

WORKSHEET 
jTECHNICIAti:~·-_5.........._1""_·._! .-'·: ......__.::: ..... -_-____ PROJECT NO: · · ~:--. /- - ... 1 r / ~ 
I APPROVED BY .. DATE 

I • -- -- -

SAMPLE NO.---~-·--\~~~~---------------------------------------------------
VISUAL DESCRIPTION: ~:·1' 

RUN BY SAMPLE PREPERATION SIEVING TIME 

SIEVE SIZE 3" 1 1/2" 3/4 •• 3/a·· N0.4 SAMPLE WEIGHTS I 
CE PN4 IHJ SN.A..E WET DRY l 

WT. OF PAN TOTAL I 
SAMPLE '>lb l" I 33o ... + 1 

I 

DRY WT. RETAINED 1 

DRY WT. PASSING ~3o:A-_ 
R.ETAINEO 
ON NO. 4 

~ OF TOTAL PASSING I 0 o PASSING 
NO.4 

W~= 

RUN BY SIEVE AND HYDROMETER ANALYSIS SIEVING TIME 

SIEVE WEIGHT WEIGHT % OF 
:lf1: TOTAL FACTOR = NO. RETAINED PASSING PASSING w 

8 ( 1 0) '~ . -"'~ ~ ~ MOISTURE DETERMINATION 

16 ~-·0 ~ 1._f)_ 
... -4 

~~~ HYDRO. 
o,~ '-~ MATERIAL MATERIAL SAMPLE 

~ ~ 30 (40) -~ DISH NO. ~ .., , -..,... r. 

50 .,........ .... ..,.-. 
~· -' ..:j~ ":>·?. ~ cr:r. wr. WET SJL IHJ asH 

100 .-::_..., . .J -~ , ..... -.. <14· WT. DRY SOL NCJ DISH ',. 

200 .~ ., ?... .., _:..... / . ") - . " bO·O WT. DISH 

PAN -- WT. OF DRY SOIL _:w 
TOTAL -- " MOISTURE 

RUN BY. HYDROMETER ANALYSIS 

CYLINDEP. NO. SPECIFIC GRAVITY DISPERSING AGENT. 

DISH NO. DATE AMOUNT ml DATE CALIB. 

CLOCK TEST TIME TEMP. HYD. 6'JWR* ~~~9 ~ CFTOTAL ~~kfkft TIME c• READ II PASSI'G 
0 

START MIX -- -- -- -- ~ 
0 

STOP MIX -- -- -- -- < 0 
w z 
a: Ci.i 

0.5 min 0 "' 0.050 mm 
w < 

1.0 min 1- a.. 
0.037 mm Q ..J 

w < 
-4.0 min a: 1- u.O 19 mm a: 0 

0 1-
19 min Q 

~ 0.009 mm 
X 0 

60 min a: ~ 0.005 mm 
0 

7h 15 min ... 0.002 mm Q 
< 

25h 45 min ~ 0.001 mm 

GRAVEL " SAND " CLAY-SLIT " STORAGE LOCATION 



A. 79 

,; 
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F-12 GRADATION TEST RESULTS 
TECHNIC IAN _!----\...;.·_.,~_· -_1-_. '..:::L;_··· '-'_·' ..;..<:_. --- PROJECT NO. ---=---_L_· _-_f-:T_· _-_· 1_, !_' _l_:_ 

APPROVED BY DATE il---:f--Q,C. 

HYOROMfTER ANAlYSIS SIEVE ANALYSIS 
1 J S S I ANOARD SERIES CLEAR SQUARE OPENING 

24 HR 1 HR 
45 MIN 15 MIN fiO MI .. '" ...... • MIN 

100 
I MIN ";->O() '")() '16 .. . •. 1''1 .• 

90 

80 

70 

~60 
iii 
en 
« 
"-so ... z ... 
~40 ... 
Q. 

20 

10 

0 
.001 002 005 .009 Oti OJ7 074 149 297 I 590 1 19 2 38 9.52 19.1 38.1 

.42 2.0 

DIAMETER OF PARTICLE IN MILLIMETERS 

ClAY TO SilT 

GRAVEL 

LIQUID LIMIT 2 5 
SAMPLE OF 

HYDROMETER ANALYSIS 
TIMEAEAOIHGS 

24 HR 7 HR. 

SAND 

... 

FINE 

SILT AND ClAY 

PLASTICITY INDEX ,. 

FROM 

SIEVE ANALYSIS 
U.S. SlANOARO SERIES Cl£AR SQUARE OPeNINGS 

45 MIN 15 MIN 60 MIN 19 MIN 4 MIN 1 MIN "200 "100 ·so •40 ·30 
"10 ·1e ·e _1 

.. -- l\- :r . s-r 

0 z 
;; 
"' ~ 

1 

... 
:0: ... 
u 
a:: ... ... 

00 

90 

30 

20 

10 

0 
.001 002 005 009 0111 .037 

CLAY TO SilT 

GRAVEL 

LIQUID LIMIT 

SAMPLE OF 

074 149 297 590 - 1.19 1:138 4.76 
42 2.0 

DIAMETER OF PARTICLE IN MILLIMETERS 

SAND 

... 

FINE 

SILT AND CLAY 

PLASTICITY INDEX 

FROM 

9.52 19.1 36.1 76.2 127 

20 

lO 

10 

L .... 
0 ... 
z 

~ 
50C ... z 
eo 

70 

eo 

110 

"' u a:: ... 
Q. 

I 00 
2110 
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F-14 ATTERBERG, -200, MOISTURE & DENSITY 
WORKSHEET 

' - ~ ~ 1 .... -·~'"'"" 
r - ...:._-r~- I/(..;'_ TECHNICIAN· -- : PROJECT NO. -

APPROVED BY DATE n--:r-~ct 

SAMPLE NO. 
j::t:::- . 

i 

Sa..n d.l), sd~ CJuu - ~ 

SAMPLE DESCRIPTIOH I COLOR t·r-"'1"1 .. 'i ( 

AITEBBERG LIMITS 

PR••·; olaN 
NO. OF BLOWS 

DISH NO. 

WT. OF WET SOIL & DISH 

WT. OF DAY SOL & DLSH 

WT. OF DISH 

WT. OF WATER 

WT. OF DRY SOIL 

WATER CONTENT 

PL 

RUII 8Y ~ 

/-=?-

I • 

i . 0 1::) 

~-:)./LIQUID LIMIT. LL ,25 
PLASTIC INDEX. PI J 

MOISTURE CONTENT 

RUN 8Y 

DISH NO. 

WT. OF DISH & WET SOIL 

WT. OF DISH & DRY SOIL 

WT. OF DISH 

WT. OF WATER 

WT. OF DRY SOH.. 

~ \ 

LL 
-~200 ·-

~30 j RUII 8Y 

DISH NO. 

I
I \_, (, / 
. / ... / ·~") 

WT. OF DISH & DRY SOL 

WT. OF DISH & WASHED SOIL 

\. -- WT. OF DISH 

WT. OF -200 

WT. OF TOTAL SOL; DRY 

PERCENT -200 -----

DENSITY 

RUN 8Y 

LENGTH 

r::;: . c-: 
~ ·c)n. - DIAMETER 

-. ___.. 
. --- ;.-.. " .:_ ....__ VOLUME 

- .WT. OF WET SOIL 

.-. -- _ WT. OF DAY SOIL ... 
-· 

~ 

-~ 

.___M_o_•_s_T_u_R_e_c_o_N_T_e_N_T_3_._'=~-__ ~ _ ___.I '-I ___ D_a_v_D_e_N_s_•T_v_-_-_-_-_-_-_-_-_-_-_-___ PC_F~~ 
REMARKS: 

i 
1'-: 
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Foundations and Construction Materials 

distribution. The procedure for determining 
which of many submitted samples should be 
tested is in itself conducive to obtaining a rep
resentative range of values, since samples were 
selected from the coarsest, finest, and average 
soil within a potential source. 

For each soil property listed, the average 
and its 90 percent confidence limits are given 
where sufficient data were available to deter
mine them. Since all laboratory tests, except 
large-sized permeability tests, were made on 
the minus No. 4 fraction of the soil, data on 
average values for the gravels are not available 
for most properties. However, an indication 
as to whether these average values will be 
greater than or less than the average values 
for the corresponding sand group is given in 
the table. The averages shown are subject to 
uncertainties that arise from sampling fluctua
tions, and they tend to vary from the true aver
ages more widely if the number of observations 
is small. The plus or minus limits given are 
determined mathematically from the number 
of observations and from the standard devia
tion of the data used to determine the average. 
These limits imply that the true average, ob
tained by securing and testing more and more 
samples under the same essential conditions, 
lies within the plus or minus values 9 chances 

137 

out of 10 [4]. 
The values for Proctor maximum dry density 

and optimum water content were obtained by 
tests described in section 120. The other 
properties are based on tests made on samples 
compacted to Proctor maximum dry density at 
optimum water content. The value of void 
ratio, e01 is the ratio of the portion of the vol
ume of the soil mass occupied by water and air 
to the volume of the soil grains. It is derived 
from the Proctor maximum dry density and 
the specific gravity of the grains. The MH 
and CH soil groups have no upper boundary of 
liquid limits in the classification; hence, it is 
necessary to give the range of those soils in
cluded in the table. The maximum liquid lim
its for the MH and the CH soils tested were 81 
and 88 percent, respectively. Soils with high
er liquid limits than these will have inferior 
engineering properties. 

(b) Permeability.-The voids in the soil 
mass provide passages through which water 
may move. Such passages are variable in size 
and the paths of flow are tortuous and inter
connected. If, however, a sufficiently large 
number of paths of flow are considered as act
ing together, an average rate of flow for the 
soil mass can be determined under controlled 
conditions that will represent a property of the 

TABLE B.-Average properties of soils 

Proctor compaction Compressibility Shearing strength I 
Soil classlfi· Permeability, 

I I cation group Maximum Optimum Void ratio, e, k, 
dry density water feet per year @ 20 p.s.l., @50 p.s.l., c. C,ol tan .p 

I 
In pounds content, percent percent p.s.l. p.s.i. 

per cubic foot percent 
-- -----

GW >119 <13.3 (') 27,000± <1.4 (') (') (') >O. 79 
13,000 

GP >110 <12.4 (') 64,000:1: <o.8 (') (') (') >O.i4 
34,000 

GM >114 <14.5 (') >0.3 <1.2 <3.0 (') (') >0.67 
GC >115 <14. 7 (') >0.3 <1.2 <2.4 (') (') >0.60 
sw 119:!:5 13.3±2.5 0.37±' (') 1.4±' (') 5. 7±0. 6 (') 0. 79±0. 02 
SP 110±2 12.4±1.0 0. 50±0.03 >15.0 0.8±0.3 (') 3.3±0.9 (') 0. 74±0.02 
SM 114±1 14. 5±0. 4 0.48±0.02 7. 5±4. 8 1.2±0.1 3.0±0.4 7.4±0.9 2.9±1.0 0. 67±0.02 

SM-SC 119±1 12. 8±0. 5 0. 41±0. 02 0.8±0.6 1.4±0.3 2.9±1.0 7.3±3.1 2.1±0.8 0. 66±0.07 
sc 115±1 14. 7±0. 4 0. 48±0. 01 0.3±0.2 1.2±0.2 2. 4±0.5 10.9±2.2 1.6±0.9 0. 60±0. 07 
ML 103+1 19. 2±0. 7 0. 63±0. 02 0.59±0.23 1.5±0.2 2. 6±0.3 9. 7±1.5 1.3±' 0. 62±0.04 

ML-CL 109±2 16. 8±0. 7 0. 54±0. 03 0.13±0. 07 1.0±0.2 2.2±0.0 9.2±2.4 3.2±' 0. 62±0.06 
CL 108±1 17. 3±0. 3 0. 56±0. 01 0. 08±0.03 1.4±0.2 2.6±0.4 12. 6±1. 5 1.9±0.3 0. 54±0.04 
OL (') (') (') (') (') (') (') (') (') 
MH 82±4 36.3±3.2 1.15±0.12 0.16±0.10 2.0±1.2 3.8±0.8 10.5±4.3 2.9±1.3 0. 47±0. 05 
CH 94±2 25.5±1.2 0. 80±0. 04 0.05±0.05 2.6±1.3 3. 9±1.5 14. 9±4. 9 1.6±0.86 0.35±0.09 
OH (') (') (') (') {') (') (') (') (') 

The± entry Indicates 90 percent confidence limits of the average value. • Denotes insufficient data, > Is greater than, < Is less than. 
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the SRC charts and the assumptions accompanying their use. The SRC charts 
(which appear in the appendixes) provide estimates of stability for technical 
personnel responsible for judging the stability of soil and tailings embank
ments in the minerals industries. 

SLOPE STABILITY CHARTS 

Slope stability charts reduce a multidimensional problem that includes 
the following listed parameters into a two-dimensional graphic display for 
quick and easy reference: 

F 

y 

H 

<1>' or <j> = 

c' or c 

B = 

factor of safety. 

unit weight of soil, pounds per cubic foot. 

height of the embankment, feet. 

internal friction angle, degrees. 4 

cohesion, pounds per square inch (square foot). 

pore pressure ratio at a point, where u is the pore 
pressure at that point and h is the depth of the 
point below the soil surface. 

slope of the embankment in degrees, sometimes 
expressed as increments in the x and y directions 
respectively; for example, 2:1 = 26.57°. 

depth factor where L is the distance from the top 
of the embankment to the stiff base (fig. 1).5 

Previous studies have combined several parameters into different forms 
such as c'/FyH (11), c/yHtan<j> (2), or c/yH (10). From the available literature 
reviewed, the chart format presented by Sing~(10) for dry embankments is 
probably the easiest format to use if the factor-of safety is desired, given 
that all other parameters are known (fig 2). The charts in this publication 
employ a "Singh-like" format for both dry and saturated embankments. 

4The prime (')symbol indicates that the parameter is in terms of effective 
stress. 

Svalues of F for D = 1.00 and D = 1.50 are in the appendixes. Values of F for 
D = 1.25 were calculated but have been eliminated from the charts. Inves
tigation of 2,409 values of F showed that values of F for D = 1.50 are more 
critical (than for D = 1.25) 81 pet of the time. When values of F for D = 
1.25 are more critical, the difference is usually in the third decimal 
place. 
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for each slice. Further, the value of F was sometimes quite sensitive to 
small changes in ru, necessitating the calculation of ru to the nearest hun
dredth place for accuracy. This would require a large number of charts with 
ru in increments of 0.01 or interpolation by the user. 

Because of the above reasons, and in order to elimate the calculation of 
an average ru, the authors chose the second alternative--to make Y a fixed 
parameter and limit the steady-state seepage charts to the condition of 10 per
cent freeboard. 

The method used for generating the curves containing pore pressure is the 
same as described in the preceding section, except that c'/H is now plotted on 
they axis instead of c'/yH since y is now a fixed parameter. The location of 
the phreatic surface for input into the Bishop computer code was determined by 
running a finite-element program. Figure 7 illustrates the phreatic surface 
for an homogeneous slope of 2.5 to 1. 

A natural question is whether linear interpolation is valid for the 
charts--for example, if y = 95, what does one do? Because of the discreteness 

sa£ 

.. -
Bur 

of the Bishop process, one does not find a smoothness between points. Thus, If , 
interpolation should be done with caution, particularlly if F varies signifi- ~o 
cantly from chart to chart. fol 

USING THE SLOPE STABILITY CHARTS 

For Embankments With No Phreatic Surface 

If the factor of safety is desired for an embankment with no phreatic 
surface, the following steps are necessary: 

1. Calculate c'/yH. 

2. Determine the slope for the embankment and if the embankment is con
structed on a stiff base. If the embankment is on a stiff base, use appen
dix A. If the stiff base is approximately H/2 feet below the embankment, use 
appendix B. 

3. Locate the appropriate chart by using the information in the upper 
right-hand corner of the chart. 

4. Find where the ordered pair (m', c'/yH) intersects the factor of 
safety contours. This is the critical factor of safety desired. 

For Embankments With 10-Pct Freeboard 

1. Calculate c'/H. 

2. Determine the slope for the embankment, the density of the soil, and 
if the embankment is constructed on a stiff base. If the embankment is on a 
stiff base, use appendix C. If the stiff base is approximately H/2 feet below 
the embankment, use appendix D. 
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3. Locate the appropriate chart by using the information in the upper 
right-hand corner of the chart. 

4. Find where the ordered pair (~ 1 , c 1 /yH) intersects the factor of 
safety contours. This is the critical factor of safety desired. 

Example 1 

The following physical parameters are part of the data collected by the 
Bureau of Mines from West Virginia coal refuse embankments C2)• 

Ynatural = 90.74 lb/ft3, 

Ysaturated = 101.12 lb/ft3, 

C I 3.2 lb/in2 , 

~I = 33.48°. 

11 

u: If an embankment 100 feet high with slope 1. 5 to 1 and no phreatic surface is 
i. .- 'to be constructed on a stiff base, the factor of safety is obtained as 

:01 • 

t-' '; 
use 

r 

follows: 

yH 
= (3.2 :b ) • (144 in

2
) f )(90. 74 lb ) • 

~n2 ftZ L ft1" 
(100 ft) 1 = 0.051. 1. 

C I 

2. The slope is 1.5 to 1, and the embankment is to be constructed on a 
stiff base. 

3. The appropriate chart has 1.5 to 1 in the upper right-hand corner 
(fig. A-3). The ordered pair (~ 1 , c'/yH) = (33.48°, 0.051) lies close to the 
midpoint between the contour lines of F = 1.6 and F = 1.8, yielding a factor 
of safety of approximately 1.7. 

To verify the result, the Bishop program was run for the above case. 
The result (F = 1.729) verifies the factor of safety obtained via the charts. 

Example 2 

Suppose an embankment with the same physical properties and of the same 
geometry as in example 1 is to be constructed; however, a phreatic surface at 
10 percent freeboard is anticipated. The following steps are taken: 

1. ~ = (3.2 lb \ • (144 in 2 J f 100 ft = 4.61 lb 
H in2) ftZ ft3'". 

2. 6The slope is 1.5 to 1, and the density is rounded to 100 lb/ft 3• 

bA comparative computer run was made using 90.74 lb/ft3 for density above the 
phreatic line and 101.12 lb/ft3 for density below the phreatic line. The 
factor of safety was 1.205. 
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APPENDIX A.--STABILITY CHARTS FOR EMBANKMENTS WITH NO PHREATIC SURFACE AND DEPTH FACTOR= 1.00 

Heigh1 of 
embankment (ft.) 

,::;;:7,~ 

Effective \:) 
cohesion of / 
soil (lb/ft 2 ) 

KEY DIAGRAM Slope of embankment 
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FIGURE A-1. - Stability charts for embankments with no 
phreatic surface and depth factor = 1.0. 
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FIGURE A-2. - Factors of safety-1.0: 1 slope, no phreatic 
surface, D = 1.00. 
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FIGURE A-3. - Factors of safety-1.5: 1 slope, no phreatic 
surface, D = 1.00. 
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CELL 2 SPILLWAY 



Cell 2 Spillway 

Prior to completion of the interim cover on Cell 2, a spillway will be 
constructed from Cell 2 to Cell 3. The spillway will be lined with 40 mil 
PVC or HOPE liner having a low friction factor. The bottom width is 18 
feet wide with 20 foot long transitions on the side slopes and a slope of 

().05 ft/ft. The depth required is 1.2 feet with a freeboard of I foot to 
accommodate a peak flow of 1283 cfs. 



PMP (6 HR. STORM) 
CELL2 DRAINAGE 
CELL3 DRAINAGE AREA 

WHITE MESA MILL 
SPILLWAY FROM CELL2TO CELL3 

BASED ON TR 55 PROCEDURES THE PEAK RUNOFF FROM CELL 2 TO 3 WILL 
BE APPROXIMATELY 1283 CFS. 

10 INCHES 
87 ACRES 
83ACRES 

ASSUME THE SPILLWAY IS LINED WITH PvC AND 2 .2 FT BELOW CREST OF CELL 2 . 

SLOPE= 
MANNINGS N= 

. 05 FT/FT 
0.01 

fl. SG/:l .'-/ 

0= 1283 CFS 

1
1 

FREE. Bof\~u 

/.1. 
r 

18 

THE CHANNEL CAN BE 18 FT WIDE W/ 20 FT SLOPES AND A DEPTH OF 1.2 FT 

Page 1 
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HYDROLOG Y SUMAMRY 

I ) 
10. 0 Inches 6-Hour Thunderstorm PMP = 

6-Hour General Storm PMP 11 = 5.63 Inches 

TRIBUTARY AREA 
BASIN (Acres) 

A, 23 

A2 84 

B, 45.4 

B2 2.6 

B3 64 

c 80.7 

D 78.3 

E 43.25 

F zi 44 

1) PMP from NWS Hydrometeoro logical Report 49. 

6-H our thunderstorm used for design. 

2) Ce ll 4 - Pha se B to be construc ted at future da te. 
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