
FLOOD CONTROL 
DISTRICT OF 
MARICOFA cour\iw 

A HYDROLOGIC ANALYSIS 
OF 

SAN DOMING0 WASH WATSRSAED 



R e p o r t  on 

A HYDROLOGIC ANALYSIS 
OF 

SAN DOMINGO WASH WATERSHED 

P r e p a r e d  by 

F lood  C o n t r o l  D i s t r i c t  of  Maricopa County 
Hydrology D i v i s i o n  

Watershed Management Branch 

Sandra  S h i l l i t o ,  H y d r o l o g i s t  
V a l e r i e  R i c e ,  H y d r o l o g i s t  

Doug P l a s e n c i a ,  H y d r o l o g i s t  

Oc tober  1989  

A HYDROLOGIC ANALYSIS 
OF 

SAN DOMINGO WASH WATERSHED 



TABLE OF CONTENTS 
Continued 

Appendix E : Lag Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  App-22 
Appendix F : BEC-1 Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  App-25 
Plate 1 : Drainage Map 

Plate 2 : Soils Map 



TABLE OF CONTENTS 

List of Tables 

List of Figures 

I. INTRODUCTION ........................................... 
A. Purpose 

B. Study Area 

11. WATERSHED CHARACTERISTICS ............... . .  .......... . .  
A. Watershed Delineation 

B. Land Use 

C. Soils 

D. Topography 

111. HYDROLOGIC METHODS ................................... 
A. Model 

B. Precipitation 

C. Rainfall Excess 

D. Unit Hydrograph 

E. Channel Routing 

IV. DISCUSSION ............................................ 
V. CONCLUSION ............................................ 
VI. REFERENCES ............................................ 

iii 

v 

1 

1 

1 

3 

3 

3 

3 

4 

5 

5 

5 

6 

6 

8 

9 

11 

12 

Appendix A : Precipitation Data ............................ APP-1 
Appendix B : Rainfall Excess ............................... App-6 
Appendix C : SCS Unit Hydrograph ........................... App-9 
Appendix D : Channel Routing ............................... App-11 



LIST OF TABLES 

Tiae Computational Interval 
San Domingo Wash 

Unix Discharge and Excess 
San Domingo Watershed 

100 Year Precipitation 
for San Domingo Wash Watershed 

SCS Type I1 Rainfall Distribution 

Surface Retention Loss 
-Lind Use and Surface Cover 

Initial and Uniform Loss Rate 
Values for Eare Ground 

Manning's Coefficient Values 

Routed Reach 1 
Velocity Calculated using 
Manning's Equation 

Routed Reach 5 
Velocity Calculated using 
Manning's Equation 

Routed Reach 9 
Velocity Calculated using 
Manning's Equation 

Routed Reach A 
Velocity Calculated using 
Manning's Equation 

Routed Reach B 
Velocity Calculated using 
Manning's Equation 

Routed Reach C 
Velocity Calculated using 
Manning's Equation 

iii 



LIST OF TABLES 
Continued 

D-8 Routed Reach D 
Velocity Calculated using 
Manning' s Equation 

D-9 Routed Reach E 
Velocity Calculated using 
Manning's Equation 

D-10 Routed Reach F 
Velocity Calculated using 
Manning's Equation 

E-1 Lag Comparison 



LIST OF FIGURES 

F i e u r e  

L o c a t i o n  Map 
San Domingo Wash Watershed 

1 0 0  Year ,  24 Hour P r e c i p i t a t i o n  
San Domingo Wash Watershed 

A r e a l  Reduc t ion  
Depth-Area R a t i o  Curves 

Time of  C o n c e n t r a t i o n  



I. INTRODUCTION 

A. Purpose 

The purpose of this study is to determine the flows within the San 
Domingo Wash watershed generated by a 100 year, 24 hour storm. 
These discharges will be used in the San Domingo Wash ~ l o d d  
Insurance Study. This hydrology may also be used in the future 
for drainage master studies, or public projects that occur within 
this watershed. 

B. Study Area 

San Domingo Wash is a well-defined ephemeral wash that lies 
between the unincorporated area of Morristown and the town of 
Wickenburg, in north-central Maricopa county (see Figure 1). The 
wash flows southwesterly for approximately 12 miles and drains 
desert highlands into the Hassayampa River. The study area lies 
in both Maricopa and Yavapai counties and is contained within the 
Flood Control District's Lower Hassayampa planning area (87). 



Figure 1 

Location Map 
San Doming0 Wash Watershed 



11. WATERSHED CHARACTERISTICS 

A. Watershed Delineation 

San Domingo Wash was delineated utilizing three 7-1/2-minute 
series (1=24,000) USGS topographic maps, Wickenburg, Red Picacho, 
and Morgan Butte (see Plate 1). Subwatershed areas, elevations, 
watercourse' length, and other pertinent information were also 
determined from these maps. 

The total area of this study is 20.28 square miles as measured by 
a manual planimeter. The watershed was subdivided into sixteen 
subwatersheds ranging in size from 0.41 square miles (262 acres) 
to 2.36 square miles (1510 acres). 

B. Land Use 

The study area is characterized as a natural dense upland 
watershed, having few inhibiting alterations or man-made 
structures. A gravel operation is located near the mouth of the 
wash, approximately three-quarter miles upstream. Land use is 
primarily cattle grazing, with few homes or roads, and 'some 
evidence of limited mining claims. 

C. Soils 

There are ten major soil association types within the San Domingo 
Wash watershed (see Plate 2). Six of the soil associations are of 
hydrologic soil group D, and four are of mixed hydrologic soil 
groups, as defined below: 

The six soil associations with a hydrologic soil group of D 
are the Cellar-Rock outcrop complex, the Dixaleta-Rock 
outcrop complex, the Gran-Wickenburg-Rock outcrop complex, 
the Lehmans-Rock outcrop complex, and the Rock 
Outcrop-Lehmans complex. They are described as having a 
shallow, well drained soil with moderately slow to moderately 
rapid permeability. The soils in this hydrologic soil group 
also have a low available water capacity and a medium to 
rapid runoff rate. These soils comprise approximately 80 
percent of the total watershed area. 



The four soil associations which are a mix of hydrologic soil 
groups (A, B, C, and D) are the Anthony-Arizo complex, the 
Eba-Nickel-Cave association, the Eba-Pinaleno complex, and 
the Nickel-Cave complex. The soils in this mix of hydrologic 
soil groups are deep well drained soils with moderately slow 
to slow permeability. These soils have a low available water 
capacity and a slow to medium rate of runoff. These soils 
comprise approximately 20  percent of the total watershed 
area. 

D. Topography 

Estimates of the main watercourse slope were developed from the 
USGS quadrangles for the study area. The mean elevation of the 
watershed is estimated at 2600 feet msl, ranging from 1 8 5 0  to 4400 
feet msl with an average slope of 5 . 4  4. 

San Domingo Wash is characterized by steep side slopes, an incised 
channel averaging 1 0 0  feet in width, and a relatively clean, sandy 
bottom. The vegetation within the watershed is composed of 
various cacti, creosote bushes, mesquite, palo verde trees, and 
other species which heavily vegetate the overbanks of San Domingo 
Wash. Near the mouth of the wash, isolated sandbars have formed 
in the channel which have vegetation much like the banks but 
somewhat less mature. 



111. HYDROLOGIC METHODS 

A. Model 

The hydrologic response to the 100 year, 24 hour storm was 
simulated using the U.S. Army Corps of Engineers HEC-1 computer 
program. 

B. Precipitation 

The 100 year, 24 hour storm was estimated as an average 
precipitation value of 4.60 inches total depth utilizing 
procedures for precipitation determination as described in the 
manual Hydroloeic Design for Highway Drainaee in Arizona (see 
Appendix A). Rainfall was distributed in time using the SCS Type 
I1 rainfall distribution, and computed with a 15 minute input 
step. 

Areal reduction was applied to adjust point rainfall to the entire 
watershed. The areal reduction curve for the 24 hour storm was 
taken from the NOAA Technical Memorandum NWS HYDRO-40 (see 
Appendix A). The document in part utilized the data from the 
Walnut Gulch Experimental watershed to develop the curves for the 
Southwest region of the United States. The ratios for the 24 hour 
storm were: 

Square Mile Ratio 

C. Rainfall Excess 

The initial and uniform loss rate method of HEC-1 was utilized to 
generate rainfall excess. The parameters for the initial and 
uniform rates were developed as outlined in the Preliminary 
Outline - Maricopa County Hvdroloav Manual (Reference 4). The 
range of values determined from this method were 0.55 to 0.62 
inches for the initial loss (STRTL), and 0.05 to 0.18 inches/hour 
for the uniform loss rate (CNSTL) (see Appendix B). 



Since the loss rates are based upon hydrologic soil types, they 
were weighted for each subwatershed based upon percentage soil 
type. As was mentioned in the Soils section, 80 percent of the 
soil exists as hydrologic soil group D which consists of shallow 
rocky and gravelly loam with 4 to 15 inches to bedrock. This type 
of soil is likely to generate rapid runoff rates because of little 
or no soil moisture storage capacities and small detention losses. 

D. Unit Hydrograph 

The Soil Conservation Service's "Dimensionless Unit Hydrograph" 
method was used in the HEC-1 model to generate runoff from 
rainfall excess. Input data for this method consisted of a single 
parameter, TLAG, which by definition is equal to the lag, in 
hours, between the center of mass of rainfall excess and the peak 
of the unit hydrograph. The empirical relation is 

TLAG = Tc * 0.6 

L = Lag Time (hours) 
Tc = Time of Concentration (hours) 

where the time of concentration is determined from a graph of area 
and slope developed by the SCS (see Appendix C). 

The HEC-1 program, by design, does not utilize different 
computational time intervals for each subbasin, therefore an 
analysis to determine the average computational time increment for 
the modeling of the entire study area was conducted using the 
methods as described in the National En~ineerine Handbook - 
Section 4 (Reference 8). The time increment was determined using 
the following equation: 

.133Tc = change in D 

Tc = Time of Concentration (hours) 
D = Duration of Unit Excess Rainfall (hours) 

Durations were determined for each subbasin and then averaged to 
obtain a time increment which would represent all of the 
subbasins. It was determined that a 5 minute time increment was 
appropriate, as listed in Table 1. 



Table I 

Computa t ion i?  Time I n t e r v a l  
S i n  Domingo Wash 

T o t a l  D u r a t i o n  o f  Excess  R a i n f a l l  - 81.30 minutes  
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E. Channel Routing 

The "normal-depthv routing method of the HEC-1 model was applied 
for channel routing. This routing method utilizes channel 
cross-sections and normal-depth computations to route computed 
storm runoff hydrographs through prescribed reaches. Channel 
cross-section locations were designated on the U.S.G.S. 
quadrangles to best represent the routing reach. Field 
cross-section data were obtained for each station. 

In the HEC-1 model routing procedure, the RS card allows a wedge 
coefficient value (Muskingum X) to be used. The Muskingum X value 
employed in this program was equal to 0.2. The number of steps 
(NSTPS) per routing interval is an input parameter essential for 
application of this method, and was obtained using the following 
equation: 

NSTPS = reach length/ average velocity 1300 

The normal-depth routing procedure in the HEC-1 program requires 
that a Manning's n value be determined for the left bank, channel, 
and right bank (see Appendix D). It was important to choose the 
values which represented the average routed channel reach. Thus, 
the channel characteristics were carefully evaluated for 
estimation of Manning's n values. The chosen values ranged from 
.045 to .054. 



IV. DISCUSSION 

The peak discharge determined for San Domingo Wash at U.S. Highway 
60/70 was 26,690 cfs. This seemed reasonable, considering the 
slopes, soil types and other watershed characteristics. Reach 
velocities averaged 17 fps, with a range of 11 to 23 fps. The 
discharge per square mile was 1316 cfs, with a total rainfall 
excess of 2.70 inches for the watershed. 

Subbasin discharges per square mile varied based on subbasin size 
and physical characteristics. The highest unit discharge was 2170 
cfs per square mile generated by subbasin 7, which had an area of 
0.63 square miles with steep slopes and rocky terrain. The lowest 
unit discharge was 1105 cfs per square mile from subbasin 14, 
which was 0.59 square miles in size and was mainly an area of more 
shallow slopes. A more detailed look at unit discharge and excess 
is provided in Table 2. 

Rough estimates of velocity for each routing reach were obtained 
by dividing reach length by the travel time generated by the HEC-1 
program. Concern developed when the resulting velocities 
reflected rapid channel travel times. Another analysis of 
velocity was done using a Flood Control District program called 
Manning. The field cross-section data was slightly altered to fit 
the manning's equation parameters, and approximate estimates of 
velocity were generated (see Appendix D). Using both methods, the 
velocities were high indicating that rapid travel times might, in 
fact, characterize the response of the watershed. The time to 
peak at the watershed outlet was 12.83 hours. This seemed 
reasonable for the given rainfall distribution and watershed 
characteristics. 

Total rainfall excess values were generated by the HEC-1 program 
and seemed reasonable for this watershed. As was stated earlier, 
the 20.28 square mile basin yielded 26,690 cfs and a total excess 
value of 2.70 inches for a storm of 4.60 inches. The hydrologic 
soil characteristics also play an important role in the total 
excess volume in that soil group D is shallow and rocky with 4 to 
15 inches to bedrock and a low water capacity. 

An analysis of subbasin lag times was also conducted to compare 
the results with other methods. Two methods were used for 
comparison; the Kirpich method and the method explained in the 
Hydrology Manual (see Appendix E). The results of this analysis 
indicate that the SCS method used in the HEC-1 model was 
consistent with the other methods, and has been found to be within 
reasonable difference of estimated lag times. 



Table  2 

Unit ~ i s c h a r ~ e  and Excess  
San Domingo Watershed 

SUBBASIN 

TOTAL PEAK Q = 26690 c f s  
TOTAL AREA = 20.23 s q u a r e  m i l e s  
DRAINAGE / AREA = 1316 c f s l s q u a r e  mi le  
EXCESS = 2.70 i n c h e s  

sq.mi. 

I . I I 

I 1 I 

U N I T  ' i DISHCARGE I EXCESS 1 PEAK Q 

cfs/sq. .mi.  

A R U  

i 
i n c h e s  I 



V. CONCLUSIONS 

The peak flow obtained using the HEC-1 model with areal reduction 
yielded 26,690 cfs for the 100 year flood at the confluence of 
San Domingo Wash and U.S. Highway 60/70. The resulting estimate 
of peak flow has been compared with other methods and has been 
found to be reasonable. 

The HEC-1 model provided subbasin peaks at various concentration 
points on the watershed and should be considered in future 
floodplain mapping or watershed planning models. 
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PRECIPITATION DATA 



. . 

. . .. . 
. . .  ADDENDUM t o . ~ & . ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  FOR. 

. . 
. . HIGHWAY 'DRAINAGE bl A R I Z O N A ' " : A ~ ~ ~ I  1975, 

Steps to be used to determine precipitation values for  various dura- 
tions and return periods. 

STEP 1. From the precipitation maps in the manual "Hydrologic 
Design for Highway Drainage in Arizona", determine the precipi- 
tation values for  the 6 and 24 hour duration storms fo r  return 
periods of 2, 5, 10, 25, 50 and 100 years. Tabulate these values 
in Table 1 in the column headed 'Map Values' 

TABLE A-1 

100 Year Precipitation for 
San Domingo Wash Watershed 

(Reference 3 )  

NOTE: There i s  a possibility of making an e r ro r  while reading the 
maps because, (1) a site i s  not easy to locate precisely on a se r ies  
of 12 maps,  (2) there may be some slight registration differences 
in printing, and (3) precise interpolation between isoLines is diffi- 
cult. 3n order to minimize any e r ro r s  in reading the maps, these 
values should be plotted on the diagram "Precipitation Depth versus 
Return Period" Fig. 1. 



FIGURE A-1 
1 0 0  Year ,  24 Hour P r e c i p i t a t i o n  

San Domingo Wash Watershed 
(Refe rence  3 )  

R e t u r n  P e r i o d  In Y e a r s ,  P a r t i a l  - D u r a t i o n  S e r i e s  

Figure I Prec ip i ta t ion  Deptt  Ve r sus  Return P e r i o d  f o r  
P a r t i a l  - Dura t ion  S e r i e s  

APP-3 



Table A-2 

SCS Type I1 Rainfall Distribution 
San Domingo Wash Hydrology 



FIGURE A-2 
Areal Reduction 

Depth-Area Ratio Curves 
(Reference 10) 

- 
(2-54--yr depth-ares rat io ,  s e e  eec- 4 - 3 )  f o r  3-, 6-.- 12-. and 

heast Arizona- Dashed l i n e s  are  3-hr and 24-hr Chicago (fro- 
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RAINFALL EXCESS 



Surface Eetention Loss 
-Land Use and Surface Cover 

(Reference 4) 

Land-Use and/or Surface C o v e r  S u r f a c e  
Rcten+i o n  L o s s  

i r ~ c h e s  

IJatural 
D e s e r t  a n d  rangeland, ilaf s l o p e  
H i l l s l o p e s ,  Sonoran d e s e r t  
M o u n t a i n ,  brush 

D e v e l o p e d  (Residential and C o m m e r c i a l )  
L a w n  a f i d  t u r f  
D e s e r t  landscape 
P a v e m e n t  

Agricultural 
T i l l e d  
Irrigated pasture 



I n i t i a l  Loss and Uniform Loss Rate  
Values  f o r  Bare Ground 

(Reference B - 4 )  

i n i t i a l  L o s s .  I n  i n c h e s  

H y d r o l o g i c  U n i f o r m  L o s s  R a t e  S T R T L '  

S o i l  G r o u p  CNSTL D r y  Normal S a t u r a t e d  

( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 1 )  

1 S e l e c t i o n  o f  STRTL: 
D r y  - f o r  n o n i r r i g a t e d  l a n d s  s u c h  a s  d e s e r t  a n d  r a n g e i s f l c l  

Normal  - f o r  i r r i g a t e d  l a w n ,  t u r f ,  a n d  p e r m a n e n t  p a s t u r e  
S a t u r a t e d  - f o r  i r r i g a t e d  a g r  i c u l l u r a !  l a n d  
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SCS UNIT HYDROGRAPH 



D r a i n a g e  A r e a  - s q .  m i l e s  

T I M E  O F  C O N C E N T R A T I O N  
FOR 

D R A I N A G E  A R E A S  LESS T H A N  10 S Q .  M I L E S  C ,o~ l  C o ~ r s c r v a t l o r i  S c r v i c c  
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112 UNIFORM Fl.OW 
A 

TABLE 5-6. VALUES OF TIIE ~ o u o a ~ e s s  COEFFICIENT n (contintced) - 
Type of chnntrcl nncl description I Ivlinirrtutn I Normal 1 Mnximurn 

C. EXCAVATED on Dnzr,oEl, 
a. Enrth, s t r n i ~ h t  and uniforln 

1. Clenn, rccently ca~nplctc<l 
2. Clcnn, nftcr nvxtlxring 
3. Gravel, oniforln section, clean 
4. \\'it11 short grass, few weeds 

b. Eurlh, winding nnd sh~ggisl! 
I. No vcgctntion 
2. Grnss, liotr~r? wcr~ls  
3. 1')cnsc wcc<ls o r  irrl~l:>lic pliuxln i u  

dccl~ e11ttnnt:ls 
4. 1SsrtI1 botlotn i\nll T I I I ~ I > I D  sidr:~ 
5. Stony hotlonl rind rvccdy hanks 
6. Cobble bottom nod clcsrn sides 

c. Drnglinc-cxenvntcrl or drcdgcrl 
I .  No vcgetatior~ 
2. Light brush on banks 

d. Rock cuts * 
W 1. Smootll nnrl oniforn~ 
'u 2. Jagged nnd irrcgulnr 
I 
w e. Channels not mnintnincd, xvceds nntl 
N br11s11 uncllt 

1. Lknse tvccds, lligh ns florr. depth 
2. Clenn bottom, brash on siclcs 
:I. Salnc, l ~ i ~ l > c s t  stnpc of llow 
4. Ilensc \,nlsh, high stngc 

D. N ~ r r i n * ~ .  STREALIS 
D-I. hlinor streams (top tvidth nt flood stfig,: 

< I00 It)  
n. ~1.1~(:1!1111 0 1 )  plniu 

1. Cleiln, s t rs igl~t ,  full ~ t n g c ,  no rills 01. 

llccll po,>lu 
2. S a ~ n c  ns nbovc, but  more stones ~ n r l  

W ~ E ~ R  

3. Clcnrt, winding, some pools ~ r n d  
shonls 

4. Same aa above, but  some weeds nnd 
stones 

5. Same as  above, lower stages, more 
ineffective slopes and sections 

6. Same as 4, b u t  more stones 
7. Sluggish reaches, weedy, deep pools 
8. Very weedy reaches, deep pools, or 

floodwaya with heavy stand of tim- 
ber and  underbrush 

D&VI.?LOI'hll'.NT O F  UNII'OIIM ]>LOW A N D  ITS FORMULAS 113 

TABLE 5-6. VALUES OF  TI^ ROUOIINESS COEFFICIENT n (continued) 

Type of chnnncl nnd rlescription AIinin~nm 

b. hlorlntnin strcnnls, no vcgctntion in 
cllsnnol, hattks ,lsu:llly stccg,, trrcv 
nnrl hnlsh nlonp bnnl-s sul,n,crged nt 
IligIt stngrs 
1. 13att0,n: gravels, cul,l,lrs, rrnd lc!r' 0.0:10 

booldcl.s 
2. Bottom: cobblcs rvitli lnrgc l>oi~ldcrs 0.010 

D-2. Flood nlnins 
n. I'i!stt,ro, no  I,l.!l~l, 

1. Short grass 
2. Iligh grnsr 

1). Cultiv;rLc<l 8rrc:rs 
1. No crop 
2. h n t u r e  row crops 
3. hlntrlt.c 6cld crojls 

c. Urush 
1. Scnttcrcd brush, 11cnx.y mccds 
2. Light brush nrtd trccs, i n  \vit~Lcr 
3. Liglbt hrusl, trccs, in sllrnrner 
4. Medium to dcnsr brush, in minter 
5. Mcdium to dcilse hrush, in summer 

0.050 

OOTO 

d. Trccs 
1. Ilcnsc ~villows, summcr, strnipht 0.110 
2. Clenred lnnd witll Lrrc s t i ~ ~ n p s ,  no 0.0:10 

sprouts 
3. Snrnc ns nhovc. Ih~rt ~ ~ i t h  hcsvy 0.050 

growth of s p r o ~ t s  
4 .  llcnvy stnnrl of tiinhrr, n frrr down 0.OSO 

0.035 
0.050 

0.040 
0.045 
0.050 

0.070 
OOGO 
0.0.90 
0.110 
0.1GO 

f,rW3, ~ i 1 , f . I ~  ,~O<!<!!'KV<>!V~.~>, fl<><>d s~.$#@c 
l,<!lr,\" l~r,,,,#:l,<~>~ 

6. S ~ ! n c  ns ahovc, Iwt \rith finoil s t n ~ e  
rcnch in~  hrnncl,rs 

D-3. M ~ j o r  strcnlns (top rviilth nt flood atngo 
> 100 It). 'Pl>o ?r v?rlur is log8 III>nrt tl>nt 
lor minor strerrms of sirrrillrr dcscription, 
bccnuse bnnks olIer lcss clicctive resistnncc. 
a. Reculnr scction with no bouldcrs or 0. OGO 

0. I00 

0.025 
brash 

b. Irregular nnd rorlgh section 1 0.035 I . . . . 1 0.100 

Table D-l 

Manning's Coefficient Values 
(Reference 5) 



Table D-2 

Routed Reach 1 
Velocity Calculated using Mannings Equition 

N= .04800 
Q- 4051.0 (CFS) 
S= .025000 (FT/FT) 
7.3 1.45:1 
B= 6?.O(FT) 

RESULTS : 
D= 4.65 (FT) 
A- 324.0 (SQ FT) 
(FT/SEC) 
V- 12.5 (FT/SEC) 
W.S. WIDTH= 76.5 (FT) 
CRITICAL DEPTH= 4.85 (FT) 
CRITICAL SLOPE- .021566 (FT/FT) 

CRITICAL VELOCITY= 11.92 

FROUDE NUMBER= 1.070 
SPECIFIC ENERGY, E= 7.07 (FT) 
WETTED PERIHETER= 79.37 (FT) 
HYDRAULIC RADIUS= 4.08 (FT) 



Table D-3 

Routed Reach 5  
Velocity Calculated using Mannings Equation 

N= .05800 
Q= 2350.0  (CFS) 
S= .032000 (FT/FT) 
Z= 3 . 5 2 : l  
B= 8 7 . 0  (FT) 

RESULTS : 
D= 2.83 (FT) 
A= 274.7 (SQ FT) 
(FTISEC) 
V= 8 . 5 5  (FTISEC) 
W.S. WIDTH= 1 0 6 . 9  (FT) 
CRITICAL DEPTH= 2.72 (FT) 
CRITICAL SLOPE= .036595 (FT/FT) 

CRITICAL VELOCITY= 8 . 9 3  

FROUDE NUMBER- . 9 4 1  
SPECIFIC ENERGY, E= 3 .97  (FT) 
WETTED PERIMETER= 1 0 7 . 7 3  (FT) 
HYDRAULIC RADIUS= 2 .55  (FT) 



T a b l e  D-4 

Rou ted  Reach 9  
V e l o c i t y  C a l c u l a t e d  u s i n g  Mannings E q u a t i o n  

N= .05900 
Q= 3697 .0  (CFS) 
S= .024000 (FT/FTJ 
Z =  2 . 7 1 : l  
B= 36 .0  (FT)  

RESULTS : 
D= 6.37  (FT)  
A= 339 .5  (SQ FT) 
(FT/SEC) 
V= 1 0 . 8 9  (FT/SEC) 
W.S. WIDTH= 70.5  (FT) 
CRITICAL DEPTH= 5 . 9 0  (FT) 
CRITICAL SLOPE= .031995 (FT/FT) 

CRITICAL VELOCITY= 1 2 . 0 5  

FROUDE NUMBER- .875 
SPECIFIC ENERGY, E= 8 . 2 1  (FT) 
WETTED PERIMETER= 7 2 . 8 2  (FT) 
HYDRAULIC RL.DIUS= 4 . 6 6  (FT) 



T a b l e  D-5 

Rou ted  Reach A 
V e l o c i t y  C a l c u l a t e d  u s i n g  Mannings E q u a t i o n  

RESULTS : 
D= 7 .15  (FT) 
A= 491.3  (SQ FT) 
(FT/SEC) 

V= 16 .67  (FT/SEC) 
W.S. WIDTH- 0 1 . 3  (FT) 
CRITICAL DEPTH= 7 . 9 8  (FT) 
CRITICAL SLOPE= .019068 (FT/FT) 

CRITICAL VELOCITY= 1 4 . 6 3  

FROUDE NUMBER= 1 . 1 9 5  
SPECIFIC ENERGY, E= 1 1 . 4 7  (FT) 
WETTED PERIMETER= 8 5 . 0 9  (FT)  
HYDRAULIC RADIUS= 5 . 7 7  (FT)  



Table D-6 

Routed Reach B 
Velocity Calculated using Mannings Equation 

N= .05600 
Q- 14561.0 (CFS) 
S= .025000 (FT/FT) 
Z= 4.15:l 
B= 86.0 (FT) 

RESULTS : 
D- 8.34 (FT) 
A= 1006.6 (SQ FT) CRITICAL VELOCITY= 14.45 
(FTJSEC) 
V= 14.47 (FT/SEC) FROUDE NUMBER= 1.001 
W.S. WIDTH= 155.3 (FT) SPECIFIC ENERGY, E- 11.59 (FT) 
CRITICAL DEPTH= 8.35 (FT) WETTED PERIMETER= 157.24 (FT) 
CRITICAL SLOPE= .024938 (FT/FT) HYDRAULIC RADIUS- 6.4 (FT) 



Table D-7 

Routed Reach C 
Velocity Calculated using Mannings Equation 

N= .05400 
Q= 16182.0 (CFS) 
S= .022000 (FT/FT) 
Z= 3.18:l 
B= 40.0 (FT) 

RESULTS: 
D= 12.42 (FT) 
A= 987.7 (SQ FT) CRITICAL VELOCITY= 16.36 
(FTJSEC) 
V= 16.38 (FT/SEC) FROUDE NUMBER= 1.002 
W.S. WIDTH* 119.0 (FT) SPECIFIC ENERGY, E- 16.59 (FT) 
CRITICAL DEPTH= 12.44 (FT) WETTED PERIMETER= 122.83 (FT) 
CRITICAL SLOPE= .021898 (FT/FT) HYDRAULIC RADIUS= 8.04 (FT) 



Table D-8 

Routed Reach D 
Velocity Calculated using Mannings Equation 

RESULTS : 
D= 17.00 (FT) 
A= 1394.3 (SQ FT) CRITICAL VELOCITY= 18.00 
(FTISEC) 
V= 16.13 (FTISEC) FROUDE NUMBER- .820 
W.S. WIDTH= 116.0 (FT) SPECIFIC ENERGY, E= 21.04 (FT) 
CRITICAL DEPTH= 15.24 (FT) WETTED PERIMETER- 124.04 (FT) 
CRITICAL SLOPE= .032074 (FT/FT) HYDRAULIC RADIUS= 11.24 (FT) 



T a b l e  D-9 

Routed  Reach E 
V e l o c i t y  C a l c u l a t e d  u s i n g  Mannings E q u a t i o n  

RESULTS : 
D= 9.12  (FT) 
A= 2549 .2  (SQ FT) 
(FT/SEC) 
V= 9.70 (FT/SEC) 
W.S. WIDTH= 422.8  (FT) 
CRITICAL DEPTH= 7 .55  (FT) 
CRITICAL SLOPE= .039118 (FT/FT) 

CRITICAL VELOCITY= 1 2 . 8 7  

FROUDE NUMBER= .696 
SPECIFIC ENERGY, E= 1 0 . 5 9  (FT)  
WETTED PERIMETER= 423.41  (FT)  
HYDPAULIC RADIUS= 6 . 0 2  (FT)  



Table D-10 

Routed Reach F 
Velocity Calculated using Mannings Equation 

N =  .07500 
Q= 26216.0 (CFS) 
S= .013000 (FT/FT) 
2 =  9.67:l 
B= 196.0 (FT) 

RESULTS: 
D= 10.18 (FT) 
A= 2999.1 (SQ FT) 
(FT/SEC) 
V= 8.74 (FTISEC) 
W.S. WIDTH= 393.0 (FT) 
CRITICAL DEPTH- 7.25 (FT) 
CRITICAL SLOPE= .045955 (FT/FT) 

CRITICAL VELOCITY= 13.59 

FROUDE NUMBEX= .558 
SPECIFIC ENERGY, E= 11.37 (FT) 
WETTED PERIMETER- 394.01 (FT) 
HYDRAULIC RADIUS= 7.61 (FT) 



APPENDIX E 

LAG COMPARISON 



Methods used for 
Lag Comparison 

Kirpich Method 

where Tc is the time of concentration, in hours 
L is the length of the catchment along the mainstream from the 
basin outlet to the most distant ridge, in feet 
H is the difference in elevation betveen the basin outlet and 
the most distant ridge, in feet 

Once the time of concentration has been found then the lag time can be 
determined by the following relation: 

Lag = Tc * 0.6 

Hydrology Manual Method 

Lag = C*(L*Lca)**m 
------------- 

s**p 

where Lag is basin lag, in hours 
L is length of the longest watercourse, in miles 
Lca is length along the watercourse to a point opposite the 
centroid, in miles 
S is watercourse slope, in feet per mile 
C is a coefficient (20*n, n is manning's coeffient) 
m and p are exponents equal to 0.38 and 0.5 



TABLE E-1 

Lag Comparison 

/ Wstershed 1 SCS 1 Kirpich / Hydrology 
1 Number Method Method Manual 



APPENDIX F 

HEC-1 OUTPUT 



* * 
FLOOD HYDROGRAPH PACKAGE (HEC-1) 

* FEBRUARY 1981 

" REVISED 16 MAY 89 

RUN DATE 10/10/1989 T IME 1 3 : 0 2 : 5 0  * 
* 
*****t*t~t**t**t******""~***"***.*.t***** 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER 

609 SECOND STREET 

DAVIS.  CALIFORNIA 9 5 6 1 6  * 
* (916) 551 -1748  * 
* * 
....................................... 

X X XXXXXXX XXXXX X 

X X X  X X XX 

X X X  X X 

XXXXXXX XXXX X XXXXX X 

X X X  X X 

X X X  X X X 

X X XXXXXXX XXXXX XXX 

T H I S  PRIXRAH REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl  (JAN 73 ) .  HEClGS, HEClDB, AND HECIKW. 

THE DEF IN IT IONS OF VARIABLES -RTIMP- I N 0  -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE 

THE D E F I N I T I O N  OF -AMSKK- ON Rfl-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE . SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 

DSS:READ T I N E  SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

1 HEC-1 INPUT PAGE 1 

L I N E  I D  ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 

1 I D  SAN DOMING0 WASH WATERSHED 

2 I D  1W YEAR. 2 4  HOUR STORM EVEN1 



ID MCFCD 19 JUNE 1989 

ID IN HOUSE STUDY W N E  BY SS 

ID USES INITIAL AND UNIFORM LOSS RATE 

ID SCS DIMENSIONLESS UNIT HYDROGRAPH 

ID NORMAL-DEPTH ROUTING 

ID AREAL REDUCTION 

ID 

ID 

ID THIS MODEL DETERMINES THE FLOW BY USING A 5 MINUTE TIME STEP AND ALL 

ID PARAMETERS HAVE BEEN ADJUSTED FOR THIS INCLUDING THE NSTPS. THE MANNING 

ID VALUES HAVE BEEN ADJUSTED FOR THIS RUN. THE PARAMETERS FOR THE CALCULATION OF 

ID THE MANNINGS N VALUES UTILIZED THE PROGRAN MANNING. 

ID 

ID 

ID 

ID 

*DIAGRAM 

IT 5 22JUL89 WW 300 

ID 5 0 

IN 15 

JD 4.60 .01 

PC .OO .01 .02 .04 .05 .06 .08 .W .l l .12 

PC .13 . I 5  . I6  .17 .19 .20 .22 .24 .26 .28 

PC .29 .31 .33 .35 .37 .39 .41 .44 .46 .48 

PC .51 .53 .55 .58 .61 .64 .68 .71 .75 .79 

PC .83 .88 .93 1.00 1.09 1.18 1.30 1.78 3.05 3.25 

PC 3.38 3.49 3.57 3.64 3.70 3.75 3.8D 3.84 3.87 3.91 

PC 3.94 3.97 4.00 4.02 4.05 4.08 4.11 4.13 4.15 4.18 

PC 4.20 4.22 4.24 4.26 4.28 4.30 4.31 4.33 4.35 4.37 

PC 4.38 4.40 4.41 4.43 4.44 4.45 4.47 4.48 4.49 4.51 

PC 4.52 4.54 4.55 4.56 4.58 4.59 4.60 4.60 4.60 4.60 

JD 4.37 10 

JD 4.23 20 

JD 4.14 30 



L I N E  

KK R 1  

KH ROUTE SUBBASIN 1 TO CONCENTRATION POINT A 

RS 1 ELEV 0 .20 

RC .051 .045 ,051 4700 ,025 

RX 80 98 119 152 168 182 

RY 23.75 19.66 1.50 0.00 1.M) 1.88 

KK AA 

KM COMBINE HYDROGRAPHS FOR SUBBASINS 2 AND 3 

HC 2 

KK A 
KM COMBINE HYDROGRAPHS FOR SUBBASIN 1 AND STATION AA 

HC 2 

KK RA 

KM ROUTE CONCENTRATION POINT A TO CONCENTRATION POINT B 

RS 2 ELEV 0 '  .20 

RC .048 ,042 ,048 10200 ,028 

RX 0 46 68 106 124 126 136 146 

RY 28.26 11.44 1.53 0.00 0.46 4.50 12.52 20.78 

PAGE 2 

..10 



L INE 

KK R5 

Kt l  ROUTE SUBBASIN 5A TO CONCENTRATION POINT B 

RS 3 ELEV 0 .20  

RC ,050 .043 ,050 8000 ,032 

RX 0 6 7  95 107  132  1 4 0  1 5 0  153  

RY 9.33 1.07 1.59 0 .12  0.32 4 . W  8.50 10.85 

KK 5 

KH COMBINE HYOROGRAPHS FOR SIIBBASINS 5A. AND 58 

HC 2 

KK BB 

Kt l  COMBINE HYDROGRAPHS FOR SUBBASIN 4 AND STATION 5 

HC 2 
HEC-1 INPUT 

KK B 

KH COMBINE HYDROGRAPHS FOR CONCENTRATION POINT A AND STATION BE 

HC 2 

KK RB 

Kt4 ROUTE CONCENTRATION POINT B TO CONCENTRATION POINT C 

RS 2 ELEV 0 .20  

RC .054 .048 .054 7 3 W  ,025 

RX 0 2 7  5 0  8 8  133 162  188  262  

RY 19.77 11.48 2.75 1.13 0.00 1 .33  7 . 7 5  21.33 

PAGE 3 

.. 9......10 



CC 

COMBINE HYDROGRAPHS FOR SUBBASINS 6 AN0 7 

2 

c 
COMBINE HYDROGRAPHS FOR CONCENTRATION POINT 8 AND STATION CC 

2 

RC 

ROUTE CONCENTRATION POINT C TO CONCENTRATION POINT D 

3 ELEV 0 .20  
,050 .042 .D50 13400  .022 

0 3 8  5 9  101 119 1 4 7  162  202  

19.66 11.89 3.29 0.00 0.35 2.95 10.11 18.56 

R9 

ROUTE SUBWATERSHED PA TO CONCENTRATION POINT D 

3 ELEV 0 .20  

.051 ,047 ,051 l lW .024 



RX 0 18 30 39 68 78 90 98 

RY 13.9 4.71 3.52 2.89 0.00 4.04 1O.W 13.80 

HEC-1 INPUT 

KK 9 

KM COMBINE HYDROGRAPHS FOR SUBBASINS 9A AND 98 

HC 2 

KK OD 

KH COMBINE HYDROGRAPHS FOR SUBBASIN 8 AND STATION 9 

HC 2 

KK D 

KH COHBlNE HYDROGRAPHS FOR CONCECTRATlON POINT C AND STATION DO 

HC 2 

KK RO 

KH ROUTE CONCENTRATION POINT 0 TO CONCENTRATION POINT F 

RS 1 ELEV 0 .20 

RC .050 .047 ,050 4200 .021 

RX 0 35 37 69 117 137 155 185 

RY 18.41 10.60 1.23 0.W 0.08 1.02 10.42 15.62 

PAGE 4 

. . .9.. . . . .10 



10 

COMBINE HYDROGRAPHS FOR SUBBASINS 10 AND 11 

2 

. %  
1 

'd 
I 

W L INE 
N 

E 

COMBINE HYDROGRAPHS FOR CONCENTRATION POINT D AND STATION 1 0  

2 

RE 

ROUTE CONCENTRATION POINT E TO CONCENTRATION POINT F 

6 ELEV 0 .20 

.048 ,045 .048 1 6 4 W  ,018 
0 3 7  144 215 307  406  46Ll 6W 

15.73 2.89 2.97 0.89 0 .00  3.71 2.00 17.35 

HEC-1 INPUT 

FF 

COMBINE HYDROGRAPHS FOR SUBBASINS 1 2  AND 1 3  

2 

F 

COMBINE HYDROGRAPHS FOR CONCENTRATION POINT E AND STATION FF 

2 

RF 

ROUTE CONCENTRATION POINT F TO CONCENTRATION POINT G 

PAGE 5 

.9.. . . . .10 



?&a RS 2 ELEV 0 .20  

189 RC ,048 ,045 ,048 5300 ,013 

190 RX 0 9 1  166 190 245 254 458 529  

1 9 1  RY 1 5 . W  0.63 0.83 0.W 0.45 1 . 5 6  1.97 24.48 

1 9 6  KK G 

197  Ktl  CONBINE HYDROGRAPHS FOR SUBBASIN 1 4  AND CONCENTRATION POINT F 

198 HC 2 

1 9 9  Z Z  

SCHEMATIC DIAGRAM OF STREAM NETWORK 

% INPUT 

L I N E  I 
W 
W 

NO. 

( v )  ROUTING (--->) DIVERSION OR PUMP FLOW 

(.) CONNECTOR (<---) RENRN OF DIVERTED OR PUMPED FLOW 



90 B . .  
v 
v 

93 RE 

BB... 

..... 

110 C . . . . .  ....... 
v 
v 

113 RC 





176 SUB13 

......... 180 FF... 

183 F.. ......... 
v 
V 

186 RF 

(**") RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
~*.****'**L'*"********t*t*tttttt*t***"*.** 

" * 
* FLOOD HYORDGRAPH PACKAGE (HEC-1) * 
* FEBRUARY 1981 

REVISED 16 MAY 89 

* 
* RUN DATE 10/10/1989 T I N E  13:02:50 * . 
*tt****t******~*******tt*ttttt**t**~.""** 

***tt**l***L********************"**"*** 

* 
U.S. ARNY CORPS OF ENGINEERS * 

* THE HYDROLOGIC ENGINEERING CENTER * 
* 6W SECOND STREET + 
* DAVIS, CALIFORNIA 95616 * 

(916) 551 -1748  * 
* 

SAN DOMING0 WASH WATERSHED 

103 YEAR, 2 4  HOUR STORM EVENT 

HCFCD 19 JUNE 1989 

I N  HOUSE STUDY DONE BY SS 

USES I N I T I A L  AND UNIFORM LOSS RATE 



SCS DlMENSIONLESS U N I T  HYDROGRAPH 

NORMAL-DEPTH ROUTING 

AREAL REDUCTION 

T H I S  MODEL DETERMINES THE FLOW BY USING A 10 MINUTE TIME STEP AND A L L  

PARAMETERS HAVE BEEN ADJUSTED FOR TH IS  INCLUDING THE NSTPS. THE MANNING 

VALUES HAVE BEEN ADJUSTED FOR T H I S  RUN. THE 

PARAMETERS FOR THE CALCULATION OF THE MANNINGS N VALUES U T I L I Z E D  THE 

PROGRAM MANNING, WHICH DIFFER I N  SLOPE VALUES. MANNINGS. ETC. 

20 I 0  OUTPUT CONTROL VARIABLES 

% IPRNT 5 PRINT  CONTROL 

V IPLOT 0 PLOT CONTROL 
I 

W QSCAL 0 .  HYDROGRAPH PLOT SCALE 
-2 

I T  HYDROGRAPH T I M E  DATA 

NMIN 5 MINUTES I N  COMPUTATlON INTERVAL 

IDATE 22JUL89  STARTING DATE 

I T I M E  WW STARTING T IME 

NO 3W NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 23JUL89  ENDING DATE 

NDTIME W 5 5  ENDING TIME 

ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 

TOTAL TIME BASE 2 4 . 9 2  HOURS 

ENGLISH UNITS 

DRAINAGE AREA SQUARE MILES 

PRECIPITATlON DEPTH INCHES 

LENGTH, ELEVATION FEET 

FLOW CUBIC FEET PER SECOND 

STORAGE VOLUME ACRE-FEET 

SURFACE AREA ACRES 

TEMPERATURE DEGREES FAHRENHEIT ' 



22 JO INDEX STORM NO. 1 

STRM 4.60 

TROA .01 

23 PI PRECIPITATION PATTERN 
.W .W 
. 00 .oo 
. 00 .01 

.01 .O1 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

% .01 .01 

w .O1 . 01 
I 

W .02 .02 
0) .03 .03 

.16 .42 

.04 .04 

.02 .02 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.01 .01 

.O1 .01 

. W  . W  

. W  .W 

.O1 .O1 

.01 .O1 

PRECIPITATION DEPTH 

TRANSPOSITION DRAINAGE AREA 

33 JO INDEX STORM NO. 2 

STRM 4.37 PRECIPITATION DEPTH 

TROA 10.W TRANSPOSITION DRAINAGE AREA 

0 PI PREClPITATION PATTERN 



INDEX STORM NO. 3 

STRH 4.23 

TRDA 20.W 

PRECIPITATION PATTERN 

.W .W 

. W .W 

.W .01 

.01 .O1 

.01 .01 

PRECIPITATION DEPTH 

TRANSPOSITION DRAINAGE AREA 



35 JD INDEX STORM NO. 4 
STRM 4.14 PRECIPITATION DEPTH 

TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 

.W .OD 

. W  .W 

. W  .01 

.01 .01 

.O1 .01 

.01 .01 

.01 .01 

.O1 .01 

.01 .O1 

.01 .01 



RUNOFF SUMMARY 

FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE F L W  FOR MAXIMUM PERIOD 

OPERATION STATION FLOW PEAK 
+ 6-HOUR 24-HOUR 72-HOUR 

HYOROGRAPH AT 

+ SUB1 4135. 12.17 653.  179. 1 7 3  

ROUTED TO 
+ R1 4051. 12.25 ' 652.  179.  173. 

HYOROGRAPH AT 
+ SUB2 2152. 12.17 316. 87 .  84 .  

HYDROGRAPH AT 
+ SUB3 2590. 12.17 398. 109. 105  

BASIN MAXIMUM TIME OF 

AREA STAGE MAX STAGE 



2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDRDGRAPH AT 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

2 COMBINED AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 



HYDROGRAPH AT 

+ SUB7 1367.  12 .08  194.  

2 COMBINED AT 
+ C 16507. 12.33 2960. 

ROUTED TO 
+ RC 16182. 1 2 . 5 0  2958 

+ 

HYDROGRAPH AT 
+ SUB8 1932.  12.25 324. 

HYDROGRAPH AT 

SUB9A 

ROUTED TO 

R9 

HYDROGRAPH AT 

SUB9B 

2 COMBINED AT 

9 

2 COMBINED AT 

DD 

2 COMBINED AT 

D 

ROUTED TO 

RD 

HYDROGRAPH A1 



HYDROGRAPH AT 

SUB11 

2 COMBINED AT 

10 

2 COMBINED AT 

E 

ROUTED TO 

RE 

HYDRDGRAPH AT 

SUB12 

HYDROGRAPH AT 

SUB13 

2 COMBINED AT 

FF 

2 COMBINED AT 
+ F 26531. 12.75 5424. 1447. 1394. 19.69 

ROUTED TO 
+ RF 26216. 12.83 5420. 1445. 1392. 19.69 

+ 

HYDRCGRAPH AT 
+ SUB1 4 652. 12.58 137. 34. 33. .59 

2 COMBINED AT 
+ G 26690. 12.83 5537. 1474. 1420. 20.28 

*** NORMAL END OF HEC-1 **' 
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SAN DOMING0 WASH WATERSHED 
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