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1.0 Introduction 
Work on this task was authorized under On-Call Contract FCD 2003C018, Assignment 
No. 5. The objective of this assignment was to provide assistance to the District in 
determining the statistical significance of the hydrologic model, specifically using the 
Skyline Wash hydrologic model as part of the Sun Valley Area Drainage Master Plan. 

1.1 Purpose and Scope of Work 
This first task of a series of proposed tasks is the start of an uncertainty analysis of water 
resources technical areas that will eventually encompass hydrology, hydraulics, scour 
analysis, and other areas as deemed necessary. This current task is to develop procedures 
to determine the uncertainties of hydrologic modeling inputs and their relative effects on 
peak discharges. As the uncertainty procedures are described, they are applied to the 
Skyline Wash models and designed to show the techniques and typical results. 

The eventual end products will be usable by practicing water resources engineers to 
perform uncertainty analyses. The uncertainty analysis will be beneficial in selecting the 
appropriate alternatives in relation to acceptable risk. Also, it would be helpful in 
determining the importance (or the relative influence on the results) of model inputs, 
which in turn, would be helpful in deciding the level of effort that should be expended in 
obtaining the input variables. 

The purpose of this report is to present the procedures and results in a very brief manner 
and will be more explanatory when converted for general use by water resources 
engineers. 

1.2 Acknowledgments 
The preparation and review of this document could not have been completed without the 
input and review of many key individuals. We would like to thank the following 
individuals at the Flood Control District of Maricopa County: Mr. Bing Zhao, Ms. 
Valerie Swick, Mr. Doug Williams, Ms. Julie Cox, and Ms. Mona Merkeuicius. 

2.0 Procedure 
This section details the developed procedures for Uncertainty Analysis and their 
application on the Skyline Wash hydrologic model. 

2.1 General Description of Procedures 
Two uncertainty analysis techniques were originally considered with this project: the 
Monte Carlo simulation method, and the first order analysis method. Through several 
trials and meetings, it was decided to use the Monte Carlo simulation method throughout 
the project. The Monte Carlo simulation was used because the first order of analysis is 
an approximate method and the Monte Carlo simulation is more accurate if enough 
simulations are performed. 



2.2 Hydrologic Parameters 
The desired end product is a probability density function (PDF) and a cumulative 
distribution function (CDF) of the peak discharge and volume at the alluvial fan apex of 
Skyline Wash. The alluvial fan apex is located at concentratiun point HC13 in the 
existing hydrologic model created as part of the Sun Valley ADMP for the 100-year, 6- 
hour flood peak. The association statistics are the mean peak discharge, the maximum, 
the minimum, and the standard deviation. The basis of the density function is the 
probability weighing of 3 hydrologic parameters. These parameters are precipitation, 
initial abstraction (IA), and the Green and Ampt loss rate parameter of hydraulic 
conductivity at natural saturation (XKSAT). These parameters were selected because 
they have the most influence on runoff volume and peak rates. Routing (lag) parameters 
were considered but not included because of their complexity which made it difficult and 
cumbersome to obtain statistical information. In addition, it was decided that the other 
three parameters had a greater influence on peak discllarges. 

2.3 Description of Procedure 
The following is a brief description of the procedure to determine the PDF of the 100 
year peak discharge for Skyline Wash. Detailed descriptions of each step are presented 
later in this report. 

1. Research mean and range of values for the 100-year precipitation, initial 
abstraction and XKSAT. 

2. Determine the mean and standard deviation for the 100-year 6-hour rainfall values 
based on NOAA Atlas 2. Compute the log-based mean and log-based standard 
deviation based on the formulas given by Mays and Tung if the log-normal 
random variable generator requires the log-based mean and standard deviation. 

3. Determine the minimum, maximum, mode and standard deviation values for 
initial abstraction. Since the mean value is equal to 1/3*(min+max+mode), the 
mode can be solved easily if the mean is known. Note: standard deviation and 
mean are the required values for the lognormal PDF random variable generator. 

4. Determine the mean and standard deviation for the Green Amp; hydraulic 
conductivity or the parameters that are used to generate the Green Ampt hydraulic 
conductivity. (Note: An alternate method that may have been necessary would 
have been to compute the log-based mean and log-based standard deviation based 
on formulas given by Mays and Tung, but only if the log-normal random variable 
generator required the log-based mean and standard deviation. However, it was 
found that this is not necessary, that our particular program performed the log 
calculations.) 

5. Use @Risk to randomly generate a set of 100-year precipitation values, initial 
abstraction values and XKSAT values. Use log-normal probability distribution 
for the 100-year precipitation. Use log-normal for XKSAT or the parameters that 
are used to compute XKSAT such as bubbling pressure, pore distribution index.. . 
Use triangular distribution for initial abstraction or the parameters that are used to 
generate the initial abstraction such as curve number. 

6. Input randomly generated values into HEC-1 input file and run HEC-1 to get the 
peak flow rates and runoff volumes (Note: three random variables must be 
generated simultaneously; do not fix any as constants). 



7. Repeat Step 5 and Step 6 for a large number of times, say 100, to obtain numerous 
peak flow rates and runoff volumes. The simulation number can be chosen such 
that the mean and standard deviation of peak and volume becomes convergent to 
a fixed value. Simulatioq 1 numbers for each of the three parameters were input 
into the first HEC-1 file, and so on, up to the chosen number of repetition. The 
minimum amount of repetition is 100 or more. 

8. Compute the exceedance probability values for a series of peak flow rates and 
runoff volumes. 

2.4 Descriptions of Computational Components 

2.4.1 Probability Distribution Functions 
To use the Monte Carlo simulation technique (described later), a probability density 
function had to be developed for each hydrologic variable. It has been demonstrated that 
nature produces variations about a mean value in a fashion that is termed normal or log- 
normal probability distribution (some also call it a cumulative probability curve or 
cumulative distribution function). This distribution looks as follows (from 
Wikipedia.org). 

Figure 1. Examde of a Cumulative Probabilitv Curve 

In this example, p is  the mean, o is the standard deviation and o2 is the variance. The Y 
axis is the probability of occurrence in fractions and the x axis is the value of the function 
of interest. In this instance, p is  set to 0 and -2, but its value can be the mean vaIue of any 
hydrologic parameter we select and the shape of the curve is determined by the variance. 



While statisticians and mathematicians uniformly use the term "normal distribution" for 
this distribution, physicists sometimes call it a Gaussian distribution and, because of its 
curved flaring shape when converted to a probability density function (PDF), social 
scisntists refer to it as the "bell curve. The following is an illustration of such a curve 
(from Wikipedia.org). 

Figure 2. Examole of a Probabilitv Densitv Function (PDF) Curve 

1 

Note that as o2 (and standard deviation) increases, the base of the dstribution increases, 
the mean stays the same, and the probability of the mean value decreases. This infers that 
the smaller the variance, the higher is the probability that the mean value occurs. In other 
words, this implies that the smaller the standard deviation, the more confident we can be 
in the selection of the mean as the appropriate value to use. For the uncertainty analyses, 
it is assumed that the selected hydrologic parameters have measurement and/or natural 
variations that behave in this manner. Therefore, a probability density function is 
determined for each major hydrologic input. 

Many of the hydrologic inputs do not have statistical information such as standard 
deviation and true mean values. Often, these cited values, although physically based, 
were not actually measured but were "back computed" using models to fit observations - 
meaning that no statistical information could be obtained. Because of the lack of 
statistical information on some of the hydrologic parameters, it was decided to use a 
lognormal probability distribution that approximated the normal probability density 



function for the three hydrologic parameters. This is useful jecause many hydrologic 
parameters have means as well as lower and upper values. Such information is conducive 
to developing a lognormal distribution curve. The mean is then the average value of the 
variable and the standard deviation is the difference between the lower or upper value and 
the mean. 

2.4.2 The Monte Carlo Technique 
The Monte Carlo technique has inherently been used since humans started studying the 
world around them. If a w hen omen on's behavior could not be exdicitlv determined bv 
equations (often because it was not a perfect system), scientists would often vary input 
and observe the output. The inputs were generated randomly, but probability weighted, so 
that there would be no bias in the output. This was done many times to determine the 
probability of a certain outcome for a known range of input values. This process was 
formalized in the 1940s and termed the Monte Carlo technique because of the seemingly 
random but identifiable probability distributions of cards dealt in card games in Monte 
Carlo, which was the most prominent gambling destination of its time. 

The Monte Carlo simulation (there are many types of simulations) used in this 
application is accomplished by repeatedly sampling values from the PDF of the 
hydrologic parameter to produce trial values of the parameter. These trials are then put 
into the HEC-1 model to produce peak discharges. The resulting PDF of the peak 
discharges are inherently determined by the PDF of the input parameter. When applying 
the Monte Carlo technique simultaneously to the 3 PDFs of the peak discharges resulting 
from the Monte Carlo simulations of the 3 hydrologic parameters, the 3 PDFs are all 
sampled to produce a series of peak discharges with associated statistical information. 
The Palisade's computer program @RISK was used to perform the Monte Carlo 
simulations; however, many other commercially available software programs are 
available that will perform these types simulations. 

2.5 Development of HEC-7 files and Excel Spreadsheets 
Monte Carlo simulations were performec! on the HEC-1 input parameters using the 
@RISK software. The base HEC-1 model for Skyline wash was then used to create 100 
new models for each of the three parameters, using the randomly generated numbers from 
the Monte Carlo simulations. Descriptions and detailed information on the analysis are 
contained in Appendix A of this report. 

2.6 Hydrologic Parameters 

2.6.1 Precipitation 
The Skyline Wash HEC-1 input model was based on the 100-year, 6-hour storm. The 
Frequency Atlas of the Western United States, Volume VIII - Arizona (NOAA Atlas 2) 
listed the mean value for precipitation for Arizona for the 100-year, 6-hour storm as 3.50" 
with a standard error of 0.50". The Skyline Wash model, however, used a precipitation 
value of 3.40". A standard error of 0.50" and a precipitation value of 3 . 4 0  was used in 
this analysis to be consistent with the original Skyline model. It should be noted that 
NOAA Atlas 2 has been superseded as of August 2003 by NOAA Atlas 14; however, the 
Skyline Wash model used the NOAA Atlas 2 precipitation values. Therefore, the 



statistics were based on the original NOAA Atlas 2. The lognormal distribution requires 
a mean and a standard deviation. For this analysis it is reasonable to assume that the 
standard error and the standard deviation are equal, therefore, the coefficient of variation 
(standard deviation divided by the mean: 0.50'73.40") is 15%. From this, 100 Monte 
Carlo simulations were performed using mean of 3.40" and a standard deviation of 0.50", 
resulting in 100 precipitation values for a 15% error. The 100 precipitation values were 
generated for input into the existing HEC-1 Skyline model (See Section 2.6.4). 

2.6.2 Initial Abstraction, IA 
TO calculate the lognormal PDF for initial abstraction, the upper, lower, the "average" 
values and the standard deviation for initial abstraction were determined. The values 
given in Table 4.2, p. 4-17, in the Drainage Design Manual for Maricopa County @DM) 
were used as the "average" values for each land use category. This table is included 
below for reference as Table 1. 

Table 1. IA. RTMP, and Vegetative Cover Densitv for Representative Land Uses in Maricopa 
QgltJ 

After having researched the documents referenced in the DDM for initial abstraction, the 
statistical parameters behind the values listed in Table 1 were not found. Therefore, the 
information to obtain the upper and lower values for initial abstraction was determined 
from the equations and tables listed in the USDA SCS National Engineering Handbook 
(NEH) Section 4, Hydrology, Chapter 10, as shown below in Table 2. 



Table 2. Curve Numbers ( C N  and Constants for the Casc I. = 0.2B 
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If the variation in IA can be associated with uncertainty in the Antecedent Moisture 
Condition (AMC) of the soil, then the following procedure can be developed to explicitly 
determine this association. Equation 10.9 in the NEH is: IA = 0.2s where S is the 
potential maximum retention after runoff begins. S was calculated for each IA value 



listed in the DDM. The calculated S .values were then associated with a curve number 
(CN) for AMC Condition 11 (average value), as shown in NEH Table 2. In Table 2, each 
CN listed is associated with upper and lower CN values. The S value for each land use 
category vas then taken from the respective upper and lower CN values. The upper and 
lower IA values were then calculated from the upper and lower S values on the table. 
Thus, the upper and lower IA values, along with the standard deviation were computed 
for each land use category listed in Table 4.2 of the DDM. 

An example is as follows. For Very Low Density Residential, the suggested IA is 0.30 
from Table 1 of the DDM and is assumed to be associated with a CN of Condition II. For 
IA of 0.30, S is 0.3010.2 = 1.5. From Table 2 and for S = 1.5, CN for Condition 11 is 87. 
Also from the table and for a CN of 87 for Condition 11, CN is 73 and 95 for Condition I 
and III, respectively. For a CN of 73 and assuming now that it represents Condition 11, S 
= 3.7 from Table 2. IA for the upper bound is 3.710.2 = 0.74. For CN of 95, Condition 
11, and Table 2 again, S = 0.526. IA for the lower bound is 0.52610.2 = 0.1052, rounded 
to 0.11. The standard deviation is the square root of ((0.302+0.742+0.112-(0.30*0.74)- 
(0.30*0.11)-(0.74*0.11))118) = 0.1328. 

The results for each land use are shown in Table 3, below. 

Table 3. Basis of Triandar PDF for Initial Abstraction by Land Use 

Mountain Terrain 1 0.09 1 0.25 1 0.65 1 0.1170 

The Skyline Wash HEC-1 input file listed three land-use types that were used in the 31 
sub-basins: Nllslopes/Sonoran Desert, Mountain Terrain, and Rural 43. Rural 43 is not a 
land-use category listed in the new DDM, however, in the previous versions of DDM, 
Rural-43 was p& of very low density residential. Therefore, it is assumed that the Rural- 
43 category used in the Skyline model has the same values as the very low density 
residential category in the new DDM. 



A Monte Carlo simulation was then run using the lognormal distriblition of the initial 
abstraction values for each of the three land-use types listed in the Skyline Wash model. 
100 IA outputs were obtained for each land-use type. These IA outpit values were then 
adjusted according to the percent composites (because some land use categories were a 
composite of several other land uses) used in the original model. The 100 adjusted IA 
values were generated for input into the existing HEC-1 Skyline model (See Section 
2.6.4). 

2.6.3 Green and Ampt Loss Rate Parameter, XKSAT 

Table 4.1 in the DDM lists values for XKSAT for eleven different soil texture 
classifications and is included below as Table 4 for reference: 

Table 4. Green and Ampt Loss Rate Parameter Values for Bare Ground 

0.35 IE25 
0.35 'a25 
0.4111 a25 
0.35 'D-15 
0 . 8  815 
0.25 'n15 
0.m 0-15 
n.m a i o  
0.m a10 
0.15 &a5 

For the statistical parameters behind the XKSAT values, the DDM references a study 
conducted by Walter J. Rawls, Green-Ampt Infiltration Parametersfrom Soils Data. 
This study is attached in Appendix B. Equation 7 in that study calculates the saturated 
hydraulic conductivity based on three parameters: effective porosity (cp.), bubbling 
pressure ( q ~ b ) ,  and pore-size distribution index (A). The equation is: 

(Equation 7) 

It also states that hydraulic conductivity is one-half of the saturated hydraulic 
conductivity. The Rawls study references a 1981 Rawls study, Soil Water 
Characteristics, which is attached as Appendix C. In Table 4 in Soil Water 

9 



Characteristics, the mean and standard, deviation about the mean for effective porosity, 
bubbling pressure, and pore size distribution are listed. 

The PDFs qf the XKSAT parameters were developed using the lognormal distribution 
method. The lognormal distribution only requires the mean and standard deviation. 
Thus, the upper and lower values were used to develop the standard deviation. The 
results of the Monte Carlo simulation were used for further analysis in equation 7 to 
produce XKSAT values. 

Table 5. Basis of Triangular PDF for Bubbling Pressure Iwb) bv Soil Tvpe 

Table 6. Basis of Trianmlar PDF for Pore Sue Distribution (A) bv Soil T v ~ e  



Table 7. Basis of Trianrmlar PDF for Effective Porositv (me) by Soil Tvve 

The values for XKSAT calculated from Equation 7 were for the saturated condition of 
XKSAT. Therefore those values were reduced by a factor of two, multiplied by 3600, 
and divided by 2.54 to get a resulting hyd~aulic conductivity in incheslhr. For each HEC- 
1 run, the simulated XKSAT values were adjusted according to the soil types, soil 
composite percentages, and vegetation factors listed in the original Skyline Model. The 
Monte Carlo method was run 100 different times to produce 100 different probability 
weighted XKSAT values for each subbasin. 

2.6.4 Combined HEC-1 Runs 

The 100 simulated XKSAT values for each subbasin, the precipitation values, and the 
adjusted IA values run were therl input into the HEC-1 Skyline model. The original 
Skyline Wash HEC-1 model is attached in Appendix D for reference. As previously 
stated, the fust randomly generated value for each of the three parameters was input into 
the fust HEC-1 run, and so on, up to 100. This resulted in 100 different flow and volume 
values for the Skyline model and concentration point HC13, at the apex of the fan. 

2.7 Results from Combining PDFs of Peak Discharges 
The peak discharges and volumes resulting from the Monte Carlo simulations of 
variations in precipitation, initial abstraction, and the Green and Arnpt XKSAT parameter 
were obtained from the HEC-1 out~ut. The exceedance ~robabilitv values were . . 
computed by ranking the values and computing the percentiles. The results are presented 
in Tables 8 and 9 for flows and volumes, respectively. Additionally, the exceedance 
probability function was graphed in Figures 3 and 4.- Although theresulting CDF appears 
rough, additional simulations beyond the 100 performed in this study would provide a 
graphically smoother line. 



Table 8. Exceedance Probabilitv Values for Peak Flow Rates 

Figure 3. CDF of Peak Discharges for Combined Variations in Precipitation. Initial Abstraction, and 

Exceedan- Probabfllty CornpulaUon for Peak Flow 

I( 
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Table 9. Exceedanee Probabilitv Values for Peak Volu.:le 

Figure 4. CDF of Peak Volume for Combined Variations in Precipitation. Initial Abstraction. and 

Exceedance Probsblllty Computation for Volume 



3.0 Conclusions 

The Uncenainty Analysis yielded a 90% confidence interval range ir, flows and volume 
at the anex of the fan on Skyline Wash based on the uncertainty statistics of three 
important hydrologic initial abstraction (IA), hydraulic conductivity 
(XKSAT), and precipitation. Exceedance probability, or risk, tables were created, which 
can be applied during future usages of the peak flow or volumes in hydraulic 
computations and design. 

The procedure developed for performing the Uncertainty Analysis can be further 
developed into a manual for practicing engineers in the future. Ad&tionally, this 
procedure can be researched for use in other water resource arenas, such as hydraulics, 
scour, and geomorphology. 
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Appendix A - Excel Description of Spreadsheet Inputs 



Excel Description of Spreadsheet Inputs 

Input data 

This contains all the input spreadsheets needed to create the Monte Carlo simulations for 
1.4, XKSAT, and the precipitation input files needed to do the 100 simulations to 
calculate the values that were input into the HEC-1 model. There are many tabs in 
"Input-data" that show how the composites were created to simulate the original Skyline 
model. 

The "precip" tab shows the lognormal distribution inputs used in the computation. 

The "IA Table" tab shows a table that explains the calculations behind finding the 
statistical parameters behind IA (NEH 4 and CN used to determine upper and lower 
values and standard deviation for lognormal distribution). 

The IA values for each land use type were then put into the "parameters" table to create 
the same composites as used in the original file. 

The "parameters" tab table shows the composites used for each of the 31 subbasins. This 
table was created to simulate the existing Skyline model. It shows % soil types and % 
land use types. 

The "XKSAT", "XKSAT Table", and "XKSAT Soils" tabs were created for my 
reference. 

The "XKSAT Soils-log" tab shows the mean and the process used to calculate the 
standard deviation values for each soil type to be used for the lognormal distribution 
(parameters based on the equation and the table in Rawles research) 

The "Soil Types" tab was created to sinulate the actual soil type number composites used 
in the original model. 

The "area" tab was created for my reference 

The "MC Inputs" tab shows the mean and standard deviation values for each parameter 
and the MC lognormal distribution formula calculates a value for each one 

The tabs entitled Final-IA, Final-Precip, and Final-XK show the values that were used 
for each of the 31 subbasins for a given Monte Carlo simulation. The spreadsheet was 
simulated 100 times and each one of the Final- sheets was printed 100 times. The values 
for each of the 31 subhasin for each of the 100 simulations were entered into the HEC-1 
model. 



For precipitation: The "MC Inputs" tab created the precip lognormal distribution 
simulation, and the FInalPPrecilI shows this value (100 different simulations donel. 
These values were entered into-~Ec-1. 

For IA: The "MC Inputs" tab referenced the "IA" table to get the lognormal distribution 
needed. The "Parameters" tab then took the MC simulated value and applied the 
appropriate composite to each subbasin. These composite values were then shown in 
"Final-IA" for entry into E C - I .  This was done 100 different times. 

For XKSAT: The "XKSAT Soils-log" provided the statistical parameters needed in the 
"MC Simulation" tab. "Soil types" then took the MC simulated values to create a 
composite for each soil type number. This value was then brought into "Parameters" to 
create the same composites of soil numbers that was used in the original model. These 
composite values were then shown in "Final-XKSAT" for entry into HEC-1. This was 
done 100 different times. 

Exceedance Probability: 

This spreadsheet shows the 100 different HEC-1 flows calculated for the 100 HEC-1 
iterations for IA, XKSAT, and precipitation. 



PDFICDF for Combined Variations in Precipitation, Initial Abstraction, and XKSAT 

Exceedance Probability Computation for Peak Flow 

Peak Flow (cfs) Rank Percent Exceedance Probabilily for Peak 
71 95 1 100.00Ob .OO% 

Appendix A Spreadsheet Attachment 
1 of 6 



PDFICDF for Combined Variations in Precipitation, Initial Abstraction, and XKSAT 

Exceedance Probability Computation for Peak Flow 

Peak Flow (cfs) Rank Percent Exceedance Probability for Peak 
431 2 50 50.50% 49.50% 

Appendix A Spreadsheet Attachment 
2 of 6 



I PDFlCDF for Combined Variations in Precipitation, Initial Abstraction, and XKSAT 

I Exceedance Probabll~ty Computat~on for Peak Flow 

Peak Flow (cfs) Rank Percent Exceedance Probabfhty for Peak 

I 
730 99 1 .OO% 99 00% 
693 100 ,007'0 100.00% 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Append~x A Spreadsheet Attachment 
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PDFlCDF for Combined Variations in Precipitatian, Initial ~bstraction, and XKSAT 

Exceedance Probability Computation for Runoff Volume 

Runoff Volume (ac-ft) Rank Percent Exceedance Probability for Runoff Volume 
608 1 100.00% .OO% 

mdix A Spreadsheet Attachment 
4 of 6 



PDFICDF for Combirled Variations in Precipitation, Initial Abstraction, and XKSAT 

Exceedance Probability Computation for Runoff Volume 

Runoff Volume (ac-ft) Rank Percent Exceedance Probability for Runoff Volume 
342 50 50.50% 49.50% 
340 51 49.40% 50.60% 
338 52 48.40% 51.60% 
335 53 46.40% 53.60% 
335 53 46.40% 53.60% 
334 55 45.40% 54.60% 
330 56 44.40% 55.60% 
329 57 43.40% 56.60% 
321 58 42.40% 57.60% 
301 59 41.40% 58.60% 
298 60 40.40% 59.60% 
296 61 39.30% 60.70% 
295 62 38.30% 61.70% 
289 63 37.30% 62.70% 
286 64 36.30% 63.70% 
279 65 35.30% 64.70% 
259 66 34.30% 65.70% 
257 67 32.30% 67.70% 
257 67 32.30% 67.70% 
251 69 31.30% 68.70% 
247 70 30.30% 69.70% 
240 71 29.20% 70.80% 
235 72 28.20% 71.80% 
226 73 27.20% 72.80% 
219 74 26.20% 73.80% 
21 1 75 25.20% 74.80% 
208 76 24.20% 75.80% 
202 77 23.20% 76.80% 
191 78 22.20% 77.80% 
186 79 21.20% 78.80% 
149 80 20.20% 79.80% 
127 81 19.10% 80.90% 
123 82 18.10% 81 .go% 
121 83 17.10% 82.90% 
118 84 16.10% 83.90% 
117 85 15.10% 84.90% 
114 86 14.10% 85.90% 
112 87 12.10% 87.90% 
112 87 12.10% 87.90% 
110 89 10.10% 89.90% 
110 89 10.10% 89.90% 
101 91 9.00% 91.00% 
100 92 8.00% 92.00% 
98 93 7.00% 93.00% 
97 94 6.00% 94.00% 
95 95 5.00% 95.00% 
93 96 4.00% 96.00% 
91 97 3.00% 97.00% 
88 98 1 .OO% 99.00% 

Appendix A Spreadsheet Attachment 
5 of 6 
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W. J. ~ a w l s 2 ,  D. L. Brakensiek3, and K. E. saxton4 

ABSTRACT 

Relationships of s o i l  water tension and conductivity with s o i l  water 
content a r e  needed t o  quantify plant  avai lable  water and to model the movement 
of water and so lu te s  i n  and through s o i l s .  F ie ld  and laboratory measurement of 
these hydraulic  s o i l  propert ies  is very d i f f i c u l t ,  laborous, and cos t ly .  To 
provide the bes t  est imates possible from previous analyses, a comprehensive 
search of the l i t e r a t u r e  and data sources fo r  hydraulic conductivi ty and 
re l a t ed  soil-water data was made i n  1978. From t h i s  search, da ta  fo r  1,323 
s o i l s  with about 5,350 horizons from 32 s t a t e s  were sumarized. Reported here 
a re  summaries of the  s o i l  p r o f i l e  descr ip t ions ,  s o i l  textures,  p a r t i c l e  s i z e  
d i s t r i b u t i o n s ,  organic carbon contents,  bulk dens i t i e s ,  se lec ted  chemical da ta ,  
hydraulic conduct iv i t ies ,  s o i l  water r e t en t ion  data, sample loca t ion ,  and the  
spec i f i c  reference o r  data source. The Brooks and Corey equation parameters, 

: s o i l  water r e t en t ion  volumes a t  0.33 bar  and 15 bar ,  and sa tura ted  conductiv- 
i t i e s  f o r  the major s o i l  textures c lasses  a re  reported. Relat ionships f o r  
predic t ing  water re tent ion  volumes f o r  p a r t i c u l a r  tensions and sa tu ra t ed  
hydraulic  conduct iv i t ies  based on s o i l  p rope r t i e s  are a l s o  presented. 

INTRODUCTION 

To incorporate the pr inc ip les  of s o i l  water physics in to  hydrologic 
modeling (Mein and Larson, 1973), it is necessary to specify the  r e l a t i o n s h i p s  
between s o i l  tension and hydraulic conductivi ty a s  a £unction of s o i l  water 
content.  Measurement of these re la t ionships  is very cos t ly  and time consuming, 
making t h i s  approach d i f f i c u l t  t o  use in  watershed hydrology modeling. To 
overcome these d i f f i c u l t i e s ,  an extensive l i t e r a t u r e  and data search f o r  s o i l  
water retension,  hydraulic  conductivity, and re l a t ed  s o i l s  information was 
performed i n  1978. In addition, more than 400 s o i l  s c i e n t i s t s  were contacted,  
many of whom contr ibuted unpublished data. The r e s u l t s  of t h i s  survey a r e  
sumar ized  i n  two par ts :  (1) the s o i l  water re tent ion  and analys is  da ta  base  
and ana lys i s  and (2) the  hydraulic conductivi ty data base and ana lys i s .  

WATER RETENTION-MATRIC POTENTIAL 

The l i t e r a t u r e  and data search fo r  water re tent ion  and re l a t ed  s o i l s  
information produced 30 sources of data each covering a t  l e a s t  a matr ic  suc t ion  
range from 100 cm t o  2,000 cm. The da ta  sources are given i n  Table 1 and 
contain 1,323 s o i l s  with about 5,350 horizons. As shown i n  Figure 1, the  d a t a  
were from 32 states. Table 2 contains a sumary  of the data f o r  each s o i l  
l i s t e d  a lphabe t i ca l ly  by soil. s e r i e s  name. Included are loca t ion  ( s t a t e  and 
county), source reference number, range of moisture tension values,  number of 

l ~ o n t r i b u t i o n  of the  USDA-ARS Hydrology Laboratory, B e l t s v i l l e ,  Maryland, 
USDA-ARS, Northwest Watershed Research Center,  Boise, Idaho, and USDA-ARS, 
Pullman, Washington. 

2 ~ y d r o l o g i s t ,  USDA-ARS Hydrology Laboratory, B e l t s v i l l e ,  Maryland 20705 
3 ~ y d r a u l i c  Engineer, USDA-ARS Northwest Watershed Research Center, Boise, 

Idaho 83705 
4 ~ y d r o l o g i s t ,  USDA-ARS, Pullman, Washington 99164 



I 
d ive r s i ty  of s o i l s  a d  methods used to  obtain data.  Even though the  Gupta and 
Larson (1979) equations produced acceptable r e s u l t s  there is a need fo r  a 
s e r i e s  of predic t ion  equations u t i l i z i n g  d i f f e r e n t  avai lable  s o i l s  da ta .  We 
developed three l e v e l s  of  mult iple  l inear  analysis  r e l a t i n g  the  s o i l  

I water retent ion a t  spec i f i c  matr ic  percent p a r t i c l e  s i z e  
content (sand, s i l t ,  c l ay ) ,  organic and bulk dens i ty ;  

percent p a r t i c l e  ze content ,  organic matter ,  bulk density and 15 b a r  

I retent ion;  a  percent pa r t i c l e  s i z e  content,  organic u t t e r ,  bulk 
densi ty,  and 113 and 15 bar water retent ion.  These levels  o f  ana lys i s  
demonstrate the predic t ive  a b i l i t y  achieved by adding fac tors  which r equ i re  

I 
more cos t ly  and/or time consuming laboratory procedures to  the  s o i l  survey 
data  analysia. For example, p a r t i c l e  s i z e  d i s t r i b u t i o n  and organic matter da ta  
a re  the l e a s t  expensive data  to  obtain while 113 bar water r e t en t ion  and bulk 
dens i ty  data are  the most expensive. The 15 bar water r e t en t ion  value is  an 

I intermediate cos t  item. 

The three l e v e l s  of  regression equations a re  sumarized i n  t ab le  5 f o r  the  

I 12 matric po ten t i a l s  reported i n  the Gupta and Larson (1979) paper. The 
addi t ion  of the 15 ba r  water content t o  the p a r t i c l e  s i z e  da ta ,  bulk dens i ty  
and organic matter  content  markedly increased t h e  accuracy, e spec ia l ly  i n  the  

I 
range of -.33 t o  -10 bar  water content while the addit ion of both t h e  -0.33 
and -15 bar water contents  caused a  s t i l l  g rea t e r  increase i n  the  accuracy a t  
a l l  water contents.  I n  general ,  the -0.33 bar value has g rea t e r  value at  the  
po ten t i a l s  l e s s  than -0.33 bar, and the  -15 bar value has g rea t e r  va lue  above 

I the -0.33 bar value. 

The data used t o  develop the equations i n  t ab le  5 included 2,541 s o i l s  
horizons with a  wide range of sand (mean 56%, range 0.1-99x1, s i l t  (mean 26X, 
range 0.1-93x1, c lay  (mean 18%, range 0.1-94%; organic matter (mean 0.66, 
range 0.1 - 12.5%; bulk densi ty (mean 1.42 gm/cd),  range 0.1 - 2.09). These 
represent  most a g r i c u l t u r a l  s o i l s .  So i l s  included both expanding (montmoril- 
l on i t e )  and nonexpanding ( k o l i n i t e ,  i l l i t e ,  c h l o r i t e ,  and vermicul i te )  type 
c lay  minerals. 

HYDRAULIC CONDUCTIVITY 

A generalized s e t  o f  unsaturated hydraulic conductivity values was def ined  
f o r  the USDA s o i l  t ex tu re  c l a s ses  (SCS, 1975) by combining the r e s u l t s  o f  
numerous exper iments reported i n  l i t e r a t u r e .  Table 6 contains the  p r i n c i p l e  
references from which the unsaturated hydraulic conductivity data  were 
obtained. The general ized conductivity curves were defined by f i r s t  d i g i t i z i n g  
the many reference curves by enough points  t o  adequately define them by 
s t r a i g h t  l ine  segments. Using information from the  reference or s tandard s o i l  
survey repor ts ,  these  da ta  were classed and sor ted  according to  the USDA s o i l  
tex ture  classes.  An average representat ive curve was estimated by v i s u a l  ana l -  
yses  fo r  each s o i l  t ex tu re  c lass .  Some minor adjustments of the  average curves 
were made to  provide a  uniform family of re la t ionships  as  shown i n  f i g u r e  2. 

I The saturated hydraul ic  conduct ivi t ies  derived from figure 2 a r e  given i n  
t ab le  4. Using the  sa tu ra t ed  hydraulic conduct ivi ty data s e t  compiled by 
Mualem (1976) a  s e t  o f  m n  saturated hydraul ic  conductivity values were 

I + 
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Table 1. Water r e t e n t i o n l n a t r i c  ~ o t e n t i a l  data sources (cont 'd)  . 

Reference rubl ica t ion  
Code 

12 Mathers, A. C., H. R. Gardner, F. B. Lotspeich, H. M. Taylor, 
G. R. Lease, R. E. Daniell .  1963. Some morphological, physical ,  
chemical, and mineralogical  proper t ies  of seven southern Great P la ins  
so i l s .  USDA, ARS 41-85, 63 pp. Washington, D.C. 

Krother, E. M. ,  V. C. Jamison, and H. E. Grogger. 1960. So i l  
moisture survey o f  some representat ive Missouri s o i l  types. USDA, 
ARS 41-34, 57 pp. Washington, D.C. 

Longwell, T. J., W. L. Parks, and M. E. Springer. 1963. Moisture 
c h a r a c t e r i s t i c s  o f  Tennessee so i l s .  University of Tennessee, 
Agricul tural  Experiment S ta t ion;  and SCS, USDA Bull. 367, 46 pp. 
Knoxville, Tennessee. 

Long, F. L., H. F. Perkins,  3. R. Carreker, and J. M. Daniels. 1969. 
Morphological, chemical, and physical c h a r a c t e r i s t i c s  of  eighteen 
representa t ive  s o i l s  of  the Atlant ic  Coast Flatwoods. USDA, Southern 
Branch, S o i l  and Water Conservation Research Division, ARS, Univers i ty  
of Georgia, College of  Agriculture Experiment S ta t ion ,  Research 
Bull. 59, 74 pp. Athens, Georgia. 

Rourke, R. V. and R. Bangs. 1975. Chemical and physical p r o p e r t i e s  
of the  Bangor, Dixmont, Caribou, Conant, Perham and Daigle s o i l  
mapping un i t s .  L i f e  Sciences and Agriculture Experiment S ta t ion ,  
Technical Bull. 75, University of Maine, 102 pp. Orono, Maine. 
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37 pp. Tucson, Arizona. 

Lutz, J. F. 1970. Movement and storage o f  water i n  North Carol ina 
Soils .  Department of  S o i l  Science, North Carolina S ta t e  Univers i ty ,  
Soi l  Information Se r i e s  No. 15, 29 pp. Raleigh, North Carolina. 

Cassel, D. K. and M. D. Sweeney. 1976. In  s i t u  s o i l  water holding 
capac i t i e s  of se lec ted  North Dakota s o i l s .  Agricul tural  Experiment 
S ta t ion ,  North Dakota S ta t e  University of Agriculture and Applied 
Science, Bull. No. 495, 25 pp. 

Car l i s l e ,  V. W., R. E. Caldwell, F. Sodek, 111, L. C. Haunuond, F. G -  
Calhoun, M. A. Granger, and H. L. Breland. 1978. Charac ter iza t ion  
data fo r  se lec ted  Flor ida  s o i l s .  I n s t i t u t e  of Food and Agr i cu l tu ra l  
Sciences, Universi ty of  Florida;  USDA, SCS, So i l  Science Research 
Report No. 78-1, 335 pp. Florida.  
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TABLE 2. (CONTINUED) 
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TABLE 2. ~CONTINUED) 

BASIC PARTICLE SIZE - INCLUDES SAND. SILT AND CLAY 

DETAILED PARTICLE SIZE - INCLUDES DETAILED BREAKDOWN OF SAND AND SILT 

REF - REFERENCE8 CITED IN  TABLE 1. 

BURFACE T E X T U R E  CODES 

2 - Sand 

3 - Flne rand 

6 - Loamy coarae sand 

6 - Loamy S a n d  

7 - Loamy fine sand 
10 - Sandy loam 
12 - Very line randy loam 

l a  - Loam 

14 - Silt loam 

18 - Sandy clay loam 
17 - Clay loam 
18 - S11ty clay loam 

20 - 8 1 1 1 ~  c l a y  

21 - Clay 

34 - Humlc materlal 

38 - Suprlc materlal 
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Table 4. Rydrologic soil properties classified by soil texture 

Texture 
elass 

S a d  

L o a q .  . 
sand 

Sandy 
L7 lose 

Loam 

Silt 
loam 

Sandy 
clay loam 

Clsy 1- 

Silty 
clay laam 

Sandy clay 

Silty clay 

Clay 

I/~ir.t lime is che meam value 
S e e d  line is * one standard deviation about the mean 

/Antilog of the log mean 

z/oht.imed from figure 2 

Sample 
size 

762 

3 38 

666 

383 

1206 

498 

366 

689 

45 

127 

291 

Total 
poroaity 

( + I  

cm31cm3 

0.4371' 
C.374-.500) 

.437 
(.368-.506) 

.453 
C.351-.555) 

-463 
(.375-.551) 

.501 
(.420-.582) 

.398 
(.332-,461) 

-461 
C.409-.519) 

.471 
C.418-.524) 

.4Y) 
(.370-,490) 

.b79 
C.425-.533) 

.475 
(.427-.523) 

Bcsidu.1 
saturation 

(er) 

cm31cm3 . 

0.020 
(.001-.'039) 

.035 
(.003--067) 

.041 
(-.024-.lob) 

,027 
(-.020-,074) 

.015 
(-.028-.058) 

.068 
(-.001-~137) 

.075 
(-.024-,174) 

-040 
(-.ON-.118) 

.I09 
(.013-.205) 

.056 
(-.024-.136) 

.090 
(--015--195) 

- 
Effec Live 
porosity 

em3Icm3 

0.417 
(.354-.480) 

.401 
(.329-.473) 

.412 
(.283-.541) 

.430 
(.3%-.534) 

-486 
(.3%-.578) 

-330 
(.235-.425) 

.390 
(.279-.Sol) 

.432 
(.347-.517) 

.321 
(.207--435) 

.423 
(.334--512) 

.385 
(-269-.Sol) 

Bubbling 
pressure 

($b) 
Arithmetic ~eometriey 

cm 

15.98. 
t.24-31.72) 

20.58 
(4.64-45.20) 

30.20 
(-3.61-€4.01) 

40.12 
(-20.07-100.3) 

50.87 
(-7.63-109.4) 

59.41 
(4+.62-123.4) 

56.43 
(-11-44-124.3) 

70.33 
(-3.26-143.9) 

79.48 
(-20.15-179.1) 

76.54 
(4.47-159.6) 

85.60 
(-4.92-176.1) 

CI 

7.26 
(1.36-38.74) 

8.69.. ' 

(1.80-41.85) 

14.66 
(3.4559.24) 

11.15 
(1.63-76.40) 

20.76 
(3.581-120.4) 

28.08 
(5.57-141.5) 

25.59 
(5.80-115.7) 

(6.68-158.7) 32.56 

29.17 - 
(4.96-171.6) 

34.19 
(7-04-166.2) 

37.30 
(7.43;187.2) 

Pore sise ' 
distribution 

(A 1 
Arithmetic ~e-trifL/ 

0.694 
(.298-1.090) 

.553 

Saturates 
Aydraulic 
~onductivit&/ 

(Ik) 
cmfhr 

.'rl.oo\/. 2 '* /b  

Water 
retained at 
-0.33 bar 
tension 
cd lcm3 

0.091 
(.018-.I641 

.I25 

0.592 
(.334-1.051) 

r .474 6.11 

i & 
1.32 , a s  

.43 ,06 
2 3  ( 0 ~  

-12 8 0 ' ~  

'O9 

.06 ,G ( 

Water 
retained at 
-15 bar 
tension 
cu? Icd 

0.033 
C.007-.059) 

.055 
(.019-.091) 

.095 
(.031-.159) 

,117 
(.Om-.165) 

.I33 
(.078-.188) 

C.085-.211) .I48 

.I97 
(.115-.279) 

(.L38-.278) -208 

.239 
(.162-.316) 

.250 
C.193-.307) 

.272 
(.208-.336) 

.(.234-.872) 

.378 
(.140-.656) 

.252 
(.086-.418) 

234 
(.105-.363) 

.319 
(.079.-.559) 

.242 
(.070-.414) 

C.039-.315) .I71 

.223 
(.ME-.398) 

.1M 
(.MO-.260) 

.I65 
(.037-,293) 

C.271-.827), 
\~ .: - - 

.322 
c.186-.558) 

.220 
(.137-;355) 

i 
.211 

C.136-.326) 

c.125-.502) .250 

-194 
(.loo-.377) 

C.090-.253) .151. 

.I@- 
(.078-.364) 

-127 
(.074-.219) 

-131 
(.068-.253) 

(.060-.190) 

.207 
(.126-.288) 

.270 
(.195-.345) 

.330 
(.258-.402) 

(.lab-.324) .255 

.318 
(.250-.386) 

(.3M-.428) .366 

.339 
(.245-.433) 

.387 
(.332-.442) 

-3% 
(-326-.466) 
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Appendix C - Green-Ampt Infiltration Parameters from 
Soils Data 



By Walter J. Rawls,' M. ASCE, Donald L: Brakensiek,' 
and Norman Mil ld  . ::, a . .. 

. y ::. ' 

h s m r c r :  The analysis of appmx 5.W horimm%dicated that Green and ,. 
Ampt paiameterr (e f fdve  porosity, wetting h.&t capillmy pressure, and hg- 
dmuiic wnductivity) could not be developed based on phase. of soil order or 
suborder. Hwrwer, sets of average parameters are developed based an soil 
h o h n  or soil texhlre das. or both. A procedure for detamining the Grem 
and Ampt paameters based on soil properties utilizing full spectmm of 
soil s w e y  information b outlined. 

If physically based infiltration models are to be used in operational 
hydrology, procedures for estimating infiltration model parameters 
based on soil properties must be dweloped. Not only are improved pro- 
cedures needed for estimating point soil parameters, but also methods 
are needed for quantifying the areal and temporal variation of the soil 
parameters (14). 

The Green and Ampt infiltration model has been found to have wide 
applicability for modeling the infiltration process (10,15). The Green and 
Ampt rate equation is written as 

and its integrated fonn is 

k in which K = hydraulic conductivity, in centimeters per hour; Jt, = wet- 
ting front capillary pressure head, in centimeten; and n = available po- - msity which is calculated as the effetive porosity, 8. (total porosity, 6, 
.minus residual sahuation, B,), minus initial soil water content. Equation 

3 ,  
H Y ~ . ,  U.3. Dept. of Agr.. Agricultural Research Station, BeltsviUe, Md. 

t %'&. %F., U.S. Dept. of Ag., Agriculhual Research Station, Boise, Idaho. < 'Hyd~. Enm., U.S. De~t. of Am.. SCS. Lanham MA --- -.r - Note.-Di&&on open u n t i l k e  1, 1983. To extend the dosing date one 
month, a written request must be Filed with the A X E  Manager of Technid and 
Professional F'ublitations. The manusaipt for this paper was submitted for re- # view and possible publication on September 16, 1981. This pa is part of the Journal af Hydraulic Engineering, Vol. 109, No. 1, January, I~~?OASCE. Pmc. 1 NO. 17613. 

MMbles are f = infiltration ate, in cenheters per hour; F = infiltcation 
amount, in centimeters; and t = time, in hours. 

by Clapp and Homberger (3, Brakensiek, et al. (3), and McCuen, et al. 
(9). Since past work has used only a small portion of the available soil 
survey information, specifically soil texture, it is the purpose of this 
study to report on pcedicting the Green and Ampt parameters (K, 8, q,) 
from soil properties utilidng the full spechum of soil survey information. 

The National Cooperative Soil Survey (a joint effort by cooperating 
Federal agencies, lanq grant universities, and other state and local agen- 
cies), uses a national system of soil classification (11,16). This system is 
based primarily or! soil properties that can be observed in the field (e.g., 
texture) or inferred from other properties observable in the field (e.g., 
day mineralogy). The differentiating soil properties are those that 
mainly affect plant growth and engineering use of the soil, such as par- 
tide size distribution, clay mineralogy, organic matter, soil temperat= 
regime, soil moisture regime, cmbonate content, and salt content. 

Soil taxonomy is a hierarchy of six categories and each category in- 
dudes a set of classes that are d&ed at about the same level. The most 
general definitions, with the fewest differentiating properties, are in the 
highest category, which consists of 10 orders. The most specific defini- 
tions, with the most differentiating properties, are in the lowest cate- 
gory, which is the soil series. There are more than 12,000 series. Soil 
series are the classes most commonly used to define and name map 
units in soil surveys, but dasses in other categories are also used. The 
system is designed to facilitate both the interpretation of the soil data 
for practical application, and because it is national-the transfer of soil 
information from one location to another. A soil survey for an individual 
area is designed to meet certain objectives and satisfy the needs iden- 
tified by local users and cooperating agenaes. The distinguishing char- 
acteristics of soil surveys are summarized in Table 1. 

A map unit delineated on a soil map is a unique soil area recognized 
in a particular soil survey area. Map units are named for the dominant 
soil or soils in the unit. The named soil can be at any of the categoric 
levels in the soil classification system. The more general the soil resource 
information needed, the higher the category used for the reference 
name. 

Map unit delineations contain indusions not identified in the map unit 
name. These units are named and identilied by the taxonomic class they 
represent. Soils are natural bodies, and their properties have a charac- 
teristic natural scatter or variability. Because of this variability, &air 
properties may fall outside the precise limits defined for the named tax- 
onomic class. Also, the map scale may be too small for precise mapping 
of a small area of these induded soils. Map units are designed so that 
no more than about 15% of the unit consists of inclusions dissimilar 
enough that their use and management differ, and these indusions are 
desaibed in map unit descriptions. Generally, map units of soil surveys 
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TABLE 1.4riterIa for Mentlfylng Klnds ot So11 Surveye 

&vwfimrplss MirXmm 
~ O l  m o l m a p  la"'%ol 

Fkst m d s  mainly p b  d roil the soils in each ddinntion 1:u.m 
mmodabbnr &a a iden- by 
and ram= 4ansertMn a d  hmn'ig. measured size-information, measured soil water retention val- 

S o i ~ u e  ues, organic matter percentage, bulk density, and saturated hydraulic 
obrand tlmmgh0111 thdr conductivity Such detailed information might be available for higher 
Imgth; .h. photo med m ord& ,soil surveys; however, because of the large map scale. their use- 
aid boundvden-tb" 

%nd m k t i o n s .  phax. of d th seain c ~ h  I : Q , ~ I : ~ I , W  1.5 urra- fulness might be extremely limited. 
md= as=d=tiom, wda ue idenwed by Sources of detailed soils information are the SCS Technical Service 

a d  -pi- banvmDn and asvming; 
soil boundmi" ,.e pbw 

center, the sCS National Soil Surrey Laboratory, the state SCS offices, 
bi 0bxra6on md state universities (usually the soil science or agricultural engineering 
interprctllion of - ~ y  departments), and publications, Such as Ref. 13. 
xnred &ta: bavlduia 
an "dkd at daacIy 
sparPd inblnb 

llird -ti- rnd phurs d soil lhe soils in nch delineation 1:2%m0-1:Ii0.~~~ 6 rcrrs-6M 
m e  =tier md arc idenli~cd by 

and some abmlion and 
interpation by r r m e l y  
xnnd dab and voiaed 

rubvnp9 their pa- md 
mmpoai6on d e m n h d  The basic data covered most agricultural soils with the physical prop- 
%' b.&g; mbqumt erties induding a wide range of sand content (mean 56%, range 0.19,- 
delineations msppd 99%), silt content (mean 26%, range 0.1%-93%), day content (mean 
by m e  -g. bp 
some *.6aq md by 18%, range 0.1%-94%), organic matter content (mean 0.66, range 0.1%- 
i n m t a h  of -h)y 12.5%), and bulk density (mean 1.42 gm/m3, range 0.6-2.09). The soils 
s d  data spisd by iduded also both expanding (montmorillonite) and nonexpanding (ka- - ~ t i t i n r  olinite, illite, chlorite, and vermiculite) type day minerals. 

It has been shown that the Green and Ampt parameters can be esti- 
-ted fmm soil water data using the Brooks-Corey equation (Ref. 3). 

m-, mrmimg-mas(l5 
and orders rg milc% %, + uith The Brooks and Corey equation (Ref. 4) is written as 

b t m d &  
sweps, or dlamtk ly ,  

&. (2) in 
St (effective saturation) = - . . . . . . . . . . . . 
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flG. 1rDistributlon of Soils 

in which B = soil water content, in cubic centimeters per cubic centi- 
meter; 0, = residual saturation, in cubic centimeters per cubic centimeter; 
+ = total porosity, in cubic centimeters per cubic centimeter; 4, = bub- 
bling pressure, in centimeters; Jr = capillary pressure, in centimeters; 
and A = the nore-size distribution index. 

The Green Bnd Ampt parameters can be calculated from the estimated 
Brooks and Corey constants as follows: The wetting front capillary pres- 
sure term, $,, is calculated by (2) 

The effective porosity, 0 ,  is calculated as 

in which + = the total porosity, in cubic centimeters per cubic centi- 
meter, and is calculated from bulk density and partide density; and 0, 
= the residual soil-water content, in cubic centimeters per cubic centi- 
meter. The Green and Ampt hydraulic conductivity, K! based on BOU- 
w d s  (4) findings that it is one-half the saturated hydraulic conductivity, 
is calculated as 

in which the saturated conductivity, K,, h calculated by an equation 
(Ref. 5) derived by substituting the Brooks and Corey equation into the 
Childs, Collis-George permeability integral (6) given by 

in which a = a constant representing the effects of various fluid con- 
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5 -. 
s h k  and The consfant a equals 270 crn /sec accordhg to BN~- 
=ert (5). 

~h~ ~ ~ o @  and Corey equation was fitted to the water retention data 
using pattei;;:search optimization. Only the optimizations which pro- 
duced a correlation coefficient significant at the 95% level were used. 
The Green and Ampt parameters were calculated from the Brooks and 
C&ey parameters using Iiqs. 4-7. Checking the saturated hydraulic con- 
ductivities derived from Eq. 7 with those reported in Rawls. et el. (131, --- . -. . 
we h d  that Eq. 7 produced saturated hydrs&c conductivities that &&e 
am-tely one order of magnitude too high; therefore, we d i t e d  
the -mt in Eq. 7 to the Rawls, et al. (13) 11 soil textures. This fitting 
pr&,duced a -due  of the a constant equal to 21.0 an)/sec. 

The data included six of the 10 soil orders and 17 of the 49 soil subor- 
d m .  Analysis of the data indicated that mean Green and Ampt param- 
eter values were not significantly ddferent for soil orders and suborders, 
thus we concluded that use of the Green and Ampt infiltration model 
is inappropriate for the Order 5 soil surveys. 

Analysis of the data according to soil texture classes, horizon, and clay 
mineralogy indicated that soil texture classes were the most significant 
disaiminators of the Green and Ampt parameters. Also, a further di- 
vision according to major horizons (A,B, C) yielded further classification 
accuracy. Clay mineralogy was not found to be significant. The mean 
parameter values and standard deviations are summarized in Table 2 for 
the 11 USDA soil texture classifications and major horizons. The values 
given in Table 2 can be used when applying the Green and Ampt infil- 
tration model using orders 2-4 soil surveys. 

We considered using more detailed soil information, sud. as particle 
size distribution, organic matter. bdk density, and 1/3 and 15 bar mois- 
ture retention values, to make better estimates of the Green and Ampt 
parameters (41~, 8,, K) than just average values according to soil texture 
dass and horizon. First, we attempted to relate the Green and Ampt 
parameters to the particle size distribution, organic matter, and bulk 
density using regression analysis; however, these relationships yielded 
conelation coefficients of approx 0.6-0.75, which we felt were not ad- 
equate for predictive purposes. Therefore, we used the approach pre- 
sented by Gupta and Larson (8), and Rawls, et al. (12,13) in which the 
soil water retention values for -0.1, -0.2, -0.33, -0.60, -1.0, -2.0, 
-4.0, -10.0, and -15.0 bar matric potentials were related to the particle 
size, percentages, organic matter, bulk density, and measured soil water 
content at spedfic matric potentials. Depending upon which parameters 
were included in the relationship, this approach predicted soil water 
retention at s p d c  matric potential with a correlation coefficient rang- 
ing between 0.80 and 0.98. A sensitivity test on day, sandy loam, and 
silt loam textures was performed utilizing various combinations of the 
10 water retention matric potential values. We concluded that for the 
purpose of determining the Green and Ampt parameters, ody six points 
on the water retention matic potential curve are needed. The best com- 
bination of points is the 0.1, 0.33, 1, 4, 10, and 15 bar water retentions. 

CONCWSION 
Appropriate procedures for determining Green and Ampt infiltration 

I t - = - - ,  
p q e t e r s  (effective porosity, wetting front capillary prrssure, and hy 
draulic conductivity) could not be developed for order 5 soil sweys. 
However, for orders 1-4 soil surveys, the methods for determining the 
Green and Ampt parameters, ranked according to accuracy, are: 

1. Fit the Brooks and Corey equation to measured water retention 
matric potential data and determine the Green and Ampt parameters 
from the Brooks and Corey parameters. This probably is the most ex- 
pensive and time-consuming approach. 

2. Fit the Bmks and Corey equation to published water retention 
matric potential data obtained fom literahue sources, such as Rawls, et 
al. (13), and determine the Green and Ampt parameters from the Brwks 
and Corey parameters. 

3. Predict the moisture tension w e  based on particle size distribu- 
tion, organic matter, bulk density, and either 113 or 15 bar water con- 
tent, or both, using appropriate set of equations given in Rawls, et 81. 
(13), or Gupta and Larson (8) for the 0.1, 0.33, 1, 4, 10, and 15 bar mois- 
ture values. Fit the Brooks and Corey equation to the water retention 
mtric potential curve and then predict the Green and Ampt parameters 
from the Brooks and Corey parameters. 

4. Estimate the parameters based on profile horizon and soil texture 
classes (Table 2). 

5. Estimate the parameters based on soil texture classes (Table 2). 
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Appendix D - Original Skyline Wash HEC-1 Model 



* FLWD HYDROGRAPH PACKAGE (HEC-1) * 

* RUN DATE 08/19/98 TIME 15:18:15 * 
* 

*m**n***w***********H*m*.*-***** I* 

*.*.*****t*H*H*****X"*.t"""*tt."t*.** 

* 
U.S. ARMY CORPS O f  ENGINEERS * 

* HYDROLOGIC ENGINEERING CENTER * 
* 609 SECOND STREET t 

* DAVIS, CALIFORNIA 95616 e 

* (916) 551-1748 * 
" 

****.**.******.****"H"***.***X*****"** 

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 

THlS PROGRAM REPLACES ALL PREVIWS VERSIONS OF HEC-1 KNOUN AS HECl (JAN 73). HEClGS, HECIDB, AN0 HECIKU. 

I JHE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FRW THOSE USED UlTH THE 1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AE(SKK- ON RM-CARD WAS CHANGED UlTH REVISIONS DATED 2 8  SEP 81. THlS I S  THE FORTRAN77 VERSION 
NEU OPTIONS: DAUBREAK WTFLOV SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION. DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:CREEN AN0 M P T  INFILTRATION 

KINEMATIC UAVE: NEU FINITE DIFFERENCE ALGORITHM 

HEC-1 INPUT 

I0  SKYLINE UASH AN0 TRIBUTARIES 
I D  FLMDPLAIN DELINEATION STWY 
I D  Fa) 96-08 
I D  
I D  HEC-I 
I0  
I0 DATE: 8-19-98 
I D  STORM: 100-YR 6-HWR STORM 
I D  FILE NAUE: SKYLINE6.DAT 
I D  
I0  
I D  DDM MCUHPZ SKYLINE UASH-BUCKEYE, ARIZONA 
*D IAGRAH 
I T  3 300 
I N  15 

1 0  . 5 
JD 3.40 0.01 
PC .OOO .008 .016 .025 .033 .OL1 .050 .058 .066 
PC .087 .OW .I18 . I38 .216 3 7 7  .834 .911 .931 
PC .962 .972 .983 .991 1.000 

JD 3.38 0.50 , 
JD 3.33 2.80 

\ 
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PC .OOO .009 .016 .025 .034 
PC .087 .I00 .I20 .I63 .252 
PC .950 -963 ,975 .988 1.000 
JD 3.13 16.0 

PC .OOO .Of5 .020 .030 .048 
PC .I35 .152 .I75 .222 .304 
PC .946 .960 .9?3 .987 1.000 
JD 2.75 90.0 
PC .OOO .021 A35 .051 .071 
PC .I79 2 0 1  232 .281 .364 
PC .927 .945 .964 .982 1.000 
JD 1.94 500.0 
PC .OOO .024 .W3 .059 .078 
PC .212 .239 2 7  .321 .408 
PC .907 .930 .954 .977 1.000 
* BUIN S1 - BEGINNIHG OF SKYLINE UASH 
* oon **a* updated -* 

KIC Sl 
KH BASIN St 
KII THE FOLLCUlNP PARAMETERS UERE PROVIDED FOR THIS BASIN 
KH La 1.2 Lea= .6 S= 1102.5 Kw .050 LAG= 16.6 
KH PHOENIX MOUNTAIN S-GRAPH V I S  USED FOR THIS BASIN 
BA .51 
LP -25 .25 3.95 .53 18.00 
Ul 103. 273. 577. 783. 1122. 746. 585. 489. 400. 306. 
UI 248. 206. 151. 123. 1 2  79. 60. 51. 48. 20. 
UI 20. 20. 20. 20. 20. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* USlN S2 - UPSTREAM Stl8BASlN TRIBUTARY TO SKYLINE WASH 

DDU *"*** Updeted - 
HEC-1 lNPUT PAGE 2 

KK S2 
m BASIN s2 
KH THE FOLLCUING PARAUETERS WERE PROVlOED FOR THIS BASIN 
KH L= .9 L a =  .6 S= 916.1 Kw .OZO LAG= 16.0 
KH PHOENIX WJNTAIN S-GRAPH WS USED FOR THIS BASIN 
BA -22 
LG .25 .25 3.95 .53 18.00 
UI 46. 130. 269. 364. 496. 310. 251. 207. 166. 124. 
UI 105. 82. 60. 51. 38. 32. 23. 23. 12. 9. 
UI 9. 9. 9. 9. 0. 0. 0. 0. 0. 0. 
U l  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* Don *I** Preserved ***** 

KK HCS 
KH CCMBINE HYDROGRAPHS FROPI S1 AND S2 - UPSTREAM PORTION OF SKYLINE MASH 
HC 2 0.7296 
* DDn *** Preserved I**** 

KK R2-3 
KH RWTE HYDROGRAPH HC2 THRCUGH S3 - SKYLINE UASH 
RS 2 FLCU - 1 
RC .07 . O M  .07 2930 .029 

RX 1000 1030 1100 1120 ,1130 1190 1220 1250 

RY 1626 1624 1594 1594 1596 1624 1626 1625 



LINE 

* BASIN $3 - IU lN  SUBBASIN FOR GRANITE FALLS UASH 
DOH *- Updated *-** 

KK -33 

131 MSIN S3 
KH THE FOLLCUING PARAUETERS UERE PROVIDED FOR THIS BASlN 
Kn L* 1.5 L c w  1.0 9- 481.0 bh= .040 LAG= 21.0 
Kn PHOENIX JUUNTAIN S-GRAPH UAS USEO FOR THIS BASIN 
BA .65 
LO .20 .25 4.00 .52 13.00 
UI  104. 180. 422. 652. 797. 1088. 945. 652. 567. 492. 
U1 420. 3 8 .  274. 245. 212. 164. 133. 115. 99. 80. 
U l  70. 51. 51. 49. 20. 20. 20. 20. 20. 20. 
UI  20. 20. 0. 0. 0. 0. 0. 0. 0. 0. 
U1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DOH - Preserved **-* 

KK HC3 
Kn CMlBINE HYDROGRAPH R2-3 UITH HYOROGRAPH FRW S3 - CONFLUENCE OF SKYLINE 
Kn U4SH AN0 GRANITE FALLS MASH 
HC 2 1.3787 
* DOM -** Preserved ***** 

KU R3-4 
Kn ROUTE CCWBINED HYDROGRAPHS HC3 THRWGH $4 - SKYLINE WASH 

RS 2 FLOW - 1 
RC .07 .036 .07 2927 .032 
RX 1000 1030 1085 1160 1200 1240 1250 1275 
RY 1520 1518 1496 .1496 1498 1516 1518 1520 
* BASIN S4 - UPSTREAM SUBBASIN TRIBUTARY TO SKYLINE UASH 

DDH m++ Updated - 
HEC-1 INPUT 

KK S4 
Kn BASINS4 
XW THE FOLLWINII PARAMETERS WERE PROVIDED FOR THIS BASIN 

Kn L= 1.3 Lca- .6 S= 503.9 Kn= .@A0 LAG- 16.2 
Kn PHOENIX mXlNTAIN S-GRAPH WAS USEO FOR THIS BASIN 
BA .41 
LO .20 .25 4.00 .52 13.00 
UI  85. 231. 486. 656. 913. 579. 465. 386. 312. 234. 
U1 196. 156. 114. 95. 73. 63. 41. 41. 28. 16. 
U I  16. 16. 16. 16. 0. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DOH - Preserved *-- 

KK HC4 
Kn CMlBINE HYOROGRAPH R3-4 WITH HYDROGRAPH FRW S4 - CONCENTRATION POINT 

ON SKYLINE UASH. 
HC 2 1.7864 
* DOH **- Preserved - 
KK R4-7 
KW RWTE CCWBINEO HYDROGRAPHS HC4 THRWOH ST - SKYLINE WASH 
RS 1 FLW - 1 
RC .07 .036 -07 2211 .022 

RX 1000 1025 1055 1120 1145 1180 1240 1370 
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RY 1462 1460 1462 1462 1432 1432 1456 1462 
* BASIN S7 - TRIBLnARY BASIN 70 NWNTAIN WSH NEAR AT CONFLUENCE WITH SKYLINE 

UASH 
* DOH -** Updeted -" 
M S7 
M BASIN S7 
101 THE FOLLWING PARAMETERS UERE PROVlDEO FOR THlS BASIN 

M La .9 ~ c a *  .6 S= 955.3 Kw -040 LAG;: 12.7 
M PHOENIX WOUNTAIN S-GRAPH UAS USED FOR T H l S  BASIN 
8A .13 
LG .2O 2 5  4.00 .52 12.00 
U I  37. 147. B4. 365. 229. 178. 137. 97. 78. 53. 
U l  41. 30. 22. 17. 12. 7. 7. 7. 7. 0. 
U l  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DOH **** Preserved **** 

KK lHC7 
Kn CDnBlNE HYDROGRAPHS R4-7 AllD S7 - UPSTREAM OF CONFLUENCE UITH MUJNTAIN 
m W H  
HC 2 1.9208 
* MS1N S5 - BEGIHNINQ OF MWNTAIN UASH 
* OW *- Updated -* 

HEC-1 INPUT PAGE 4 

KK S5 
M BASIN S5 
M THE FOLLWING PAWMETERS UERE PROVIDED FOR THlS BASIN 
~n La 1.4 Lcaa .7 S= 654.8 KIV .OSO LAG- 20.2 
Kn PHOENIX WOUWTAIN S-GRAPH UAS USED FOR THlS BASIN 
BA .53 
LG .25 .25 3.95 .53 20.00 
Ul  89. 164. 385. 573. 705. 988. 689. 532. 459. 396. 
U I  334. 265. 219. 195. 157. 120. 104. 93. 68. 65. 
UI 43. 43. 43. 18. 17. 17. 17. 17. 17. 17. 
U! 17. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDn ** Preserved m* 

KK 6 - 6  
Kn ROUTE HYDROGRAPH S5 THRCUGH S6 - WNTAIN WASH 

RS 1 FLDU -1 
RC .07 .036 .07 2494 .030 
RX 1000 1025 1075 1105 1150 1170 1220 1240 
RY 1480 1476 1476 1460 1454 1454 1478 1480 
* BASIN S6 - SUBBASlN TRIBUTARY TO WNTAIN WASH 

* Don - updated *-• 

S6 
EASIN S6 
THE FOLLWING PARAMETERS UERE PROVIDED FOR THlS BASIN 
La .8 Lca- .4 S= 491.4 Kw .042 LAG- 12.3 
PHOENIX W T A I N  S-GRAPH WAS USED FOR THlS BASIN 
.25 
.21 .25 4.00 .52 15.00 
75. 289. 495. 680. 415. 323. 244. 172. 135. 93. 



UI 71. 52. 35. 33. 13. 13. 13. 13. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDM *a** Preserved ***** 

KK HC6 
101 COIIBlNE HYDROORAPHS R5-6 WITH SUBBASIN $6 - UPSTREAM OF CONFLUENCE WITH 

Kn SKYLINE WASH 
HC 2 0.?767 
* Don -** Preserved **** 

KK HC7 
m CWBINE HYDROGRAPHS IHC7 WITH HC6 - CONFLUENCE OF WNTAIN WASH UlTH 

131 SKYLINE WASH 
HC 2 2.6995 
* DDM "*a* Prenerved **- 

KK R7-12E 
101 RWTE COIIBINED HYDROGRAPHS AT HC7 THRWGH S12E - SKYLINE WASH 
RS 1 FLW - 1 
RC .07 .036 .07 1930 .0166 
RX 1000 1085 1170 1240 1255 1265 1310 1350 
RY 1430 1424 1422 1420 1422 1424 1428 1430 
* 
* BASIN Sl2E - SUBBASIN TRIBUTARY TO PYRITE WASH AND SKYLINE WASH CONFLUENCE 
* Don **- updated -* 

HEC-1 INWT PAGE 5 

KK SIZE 
101 BASIN S12E 
101 THE FOLLWlNG PARAMETERS UERE PROVIDED FOR THIS BASIN 
101 La .6 Lee- .2 S= 142.9 Kn= .030 LAG- 7.8 
Kn PHOENIX WDUNTAIN S-GRAPH WAS USED FOR THlS BASIN 

BA .05 
LO .15 .25 3.91 .55 18.00 
U1 47. 167. 200. 114. 70. 44. 27. 16. 11. 5. 
UI 5. 5. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DOH **m Preserved -- 
KK HCl2E 
m COIIBINE HYDROWUPHS S12E UITH R7-12E - CONFLUENCE OF PYRITE UASH UITH 
101 SKYLINE UASH 
HC 2 2.7544 
* BASIN S8 - BEGINWING OF PYRITE WSH 
* DDH **- Upleted *- 

sa 
BASIN S8 
THE FOLLWlNG PAMETERS WERE PROVIDED FOR THlS BASIN 

L= .8 Lea= .4 S= 692.1 Kn= .050 LAG= 13.0 
PHOEWlX MWITAItt S-GRAPH WAS USED FOR THlS BASIN 

.34 

.25 .25 3.95 .53 20.00 
88. 352. 614. 906. 585. 452. 354. 254. 200. 145. 

105. 81. 62. 43. 38. 17. 17. 17. 17. 17. 

0. 0. 0. 0. 0. 0. 0. 0. 0. 0 .  , 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 



LINE 

* DOH - Preserved **** 

KK RB-9 
Kn ROUTE HYDROGRAPH S8 THROUGH S9 - PYRITE WASH 
RS 1 FLOW - 1 
RC .07 6 .07 911 .013 
RX 1000 1020 1050 1065 1080 1125 1185 1190 
RY 1518 1518 14% 1492 1494 1494 1520 1524 
* BASIN S9 - SUBBASIN TRIBUTARY TO PYRITE UASH 

* DDM Updsted *** 

KK S9 
Kn BASIN S9 
131 THE FOLLWING PARAMETERS UERE PROVIDED FOR THIS BASIN 
Kn Lm 1.0 Lea= .7 S= 415.7 KF .040 LAG= 15.9 
kM PHOENIX MXNTAIN S-GRAPH UAS USED FOR THIS BASIN 
BA .21 
LG .20 .25 3.95 .53 17.00 
U I  44. 126. 259. 351. 471. 293. 238. 1%. 157. 117. 
U I  99. 77. 56. 48. 35. 29. 22. 22. 10. 8. 
U I  8. 8. 8. 8. 0. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* ODW "*'* Preserved ***** 

HEC-1 INPUT 

KK HC9 
Kn COMBINE ROUTED HYDROGRAPH R8-9 UlTH HYDROGRAPH $9 - CONCENTRATION POINT 
Kn 011 PYRITE WASH 
HC 2 0.5472 
* DDW *- Preserved **** 

KK R9-11 
Kn ROUTE CDWBINED HYDROGRAPHS HC9 THROUGH 511 - PYRITE WASH 
RS 3 FLCU -1 
RC .07 .036 .07 3462 .023 
RX 1000 1080 1090 1120 1140 1290 1340 1375 
RY 1496 1494 1492 1472 1471 1472 1490 1494 

BASIN S l1  -PYRITE WASH UPSTREAM OF CONFLUENCE WITH WAGON WASH 
* DDW - Updated -* 

KK s11 
Kn BASIN S11 
Kn THE FOLLCUING PARAMETERS UERE PROVIDED FOR THIS BASIN 
Kn L= .7 Lca= .3 S- 797.1 KF .040 LAG= 9.3 
m PHOENIX KUNTAIN S-GRAPH WAS USED FOR THIS BASIN 

BA .17 
LO .20 .25 4.00 .52 11.00 
U1 96. 360. 590. 366. 262. 169. 119. 73. 51. 32. 
U I  23. 12. 12. 12. 0. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
' DDW ** Preserved *** 

KK IHCl l  

Kn CfflBlNE ROUTED HYDROGRAPH R9-11 WITH HYDROGRAPHS S11 - UPSTREAM OF 
Kn CONFLUENCE UITW UAOON UASH 

HC 2 0.7154 
* BASIN S10 - BEGINNING OF WAGON UASH 

PAGE 6 



LINE 

KK 910 
KU BASIN SlO 

KU THE FOLLMllHG PARAWTERS UERE PROVIDED FOR THlS BASIN 
131 1- 1.0 Lca= .5 S* 896.9 Kn= .048 LAG- 14.2 
KM PHOENIX MOUNTAIN S-GRAPH WAS USED FOR THlS BASIN 
BA .19 
LG .24 .25 3.95 .53 18.00 
U I  46. 157. 302. 430. 397. 263. 213. 167. 122. 101. 
U I  71. 55. 43. 35. 23. 23. 11. 9. 9. 9. 
U I  9. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
U1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDH ***** Preserved "*** 

KK HCll 
Kn CWBINE HYDROGRAPH IHCl l  WITH HYDROGRAPH S10 - CONFLUENCE OF WGON WASH 
KI1 WITH PYRITE WSH 
HC 2 0.9089 
* DDH *** Preserved OW* 

HEC-1 INPUT PAGE 

KK R111N 
m RWTE C~BINED HYDROGRAPHS n c l l  THRWGH ~ 1 2 ~  - CONTINUATION OF PYRITE 
KU WASH DOUNSTREAH OF CONFLUENCE WITH WAGON MASH 
RS 1 FLW -1  
RC .07 .036 .07 1501 .019 
RX 1000 1030 1065 11.50 1240 1330 1375 1410 
RY 1422 1420 1610 1410 1410 1412 1414 1428 
* BASIN S12U - SUBBASIN TRIBUTARY FOR PYRITE WASH AND SKYLINE UASH 

DDH - Updated  -* 

KK S I N  
YII BASIN S l t Y  
KW THE FOLLOUING PARAMETERS MERE PROVIDED FOR THIS BASIN 
YII L= .7 Lea= .2 S= 153.6 Kn= .030 LAG= 8.2 
Kn PHOENIX MUJNTAIN S-GRAPH WAS USE!J FOR THIS BASIN 
BA .09 
LG .15 .25 3.91 .55 18.00 
U I  68. 246. 330. 189. 1 79. 47. 31. 19. 11. 
U I  7. 7. 0. 0. 0. 0. 0. 0. 0. 0. 
U1 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

DDH - Preserved - 
KK H C l N  
101 CCUBINE HYDROGRAPH R l l l N  WITH HYDROGRAPH S12U - CONFLUENCE OF SKYLINE 
KU UASH WITH PYRITE WASH 

HC 2 0.5594 
* DOH - Preserved **** 

KK UC12 
KU CCUBINE RWTED HYDROGRAPH HClZY AN0 HCl2E 
m MIIFLUEHCE OF SKYLINE WASH AH0 PYRITE WASH 
HC 2 3.7538 
* ODH - Preserved *** 



LINE 

M RWTE WBINED HYDROGRAPHS HC12 THRWGH 513 - SKYLINE UASH 
RS 1 FLW - 1 
RC .07 .036 .07 1854 .Of7 
RX 1000 1080 1110 1320 1370 1420 1500 1550 

RY 1400 1392 1384 1382 1382 1380 1380 1400 
* BASIN S13 - SKYLINE UASH DOWWSTREM OF CONFLUENCE OF PYRITE MASH 

* Don W* Updated *** 

KK S13 
KH BASIN 513 
KN THE FOLLOUING PARAMETERS ERE PROVIDED FOR THIS BASIN 
ffl L= .9 Lea= .3 S= 174.2 Kn= .030 LAG= 10.1 
m PHOENIX MOUNTAIN S-GRAPH UAS usen FOR THIS BASIN 
BA .17 
LO .15 .25 3.88 .56 4.00 
UI  82. 312. 550. 397. 278. 195. 135. 90. 64. 43. 
UI  28. 20. 11. 11. 11. 0. 0. 0. 0. 0. 

U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* ODW ** Preserved *- 

HEC-I INPUT PAGE 8 

KK HC13 
ffl COMBINE RWTED HYDROGRAPH R12-13 UITH HYDROGRAPH 513 - SKYLINE MASH 
HC 2 3.9274 
* DON **** Preserved **'** 

KK 0113 
Kn SPLIT FLW AT CP13: MAIN F l W  To S24 Avo RrNOR FLOU TO s l 4  
OT Dl24 
D l  0 201 556 1353 2595 4157 
DO 0 201 461 879 1427 2078.5 
* ODM "rrn preserved **** 

KK RD113 
KM ROUTE HYDROGRAPH 0113 THRWGH S14 -SKYLINE UASH DWSTREAU OF SPLIT 
RS 3 FLW -1 
RC .07 .036 .D7 4353 .021 
RX 1000 ioa rzm 1280 1320 3 0  r 3 m  1385 
RY 1360 1354 1354 1356 1356 1358 1358 1360 
* BASIN 514 - 8EGlNNING OF CDYOTE UASH 
+ oon -** updated *- 

KK 514 
ffl BASIN S14 
ffl THE FOLLWlNG PARAHETERS YERE PROVIDED FOR THIS BASIN 
ffl La 1.2 Lean .6 Sa 340.7 Kn= .030 LAG= 12.4 
KH PHOENIX lWUNTAlN S-GRAPH UAS USED FOR THIS BASIN 
BA .49 
LO .15 .25 3.91 .55 11.00 
UI  144. 562. 962. 1341. 822. 640. 487. 343. 270. 185. 
UI  145. 101. 72. 65. 31. 25. 25. 25. 25. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
U l  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDM **- Preserved *** 

KK HC14 
KH CCllBlNE RWTED HYDROGRAPH R13-14 UlTH HYDROGPAPH 514 - SPLIT FLW FROM 



Kn SKYLI!!E UASH AND COYOTE UASH SUBBASIN 
HC 2 4.4139 
* DDn H*n P r e s e r v e d  m** 

KK Rf4fdS 
KN ROUTE EOWBlNED HYDROGWHS HC14 THRWGH S16S - SKYLINE UASH DWNSTREAM 
ffl OF CONFLUENCE WITH COYOTE WASH 

RS 2 F L W  -1 
RC .07 .036 .07 3140 .017 
RX 1000 1035 1150 1180 1320 1360 1480 1481 
RY 1236 1234 12% 1232 1232 1234 1236 1236 
* BASIN $15 - SUBBASIN I N  AREA OF EXISTING A.D.O.T. BORRW PITS 

* oon *- updated ****a 

HEC-1 INPUT PAGE 9 

KK S15 
KU BASINS15 
KU THE FOLLOUING PAWETERS UERE PROVlDED FOR THIS BASIN 
m L* .8 Lca= .3 S= 105.0 KIT .030 LAG. 9.8 
KU PHOENIX WYJNTAIN S-GRAPH WAS USED FOR THlS BASIN 
BA .ll 
LO .15 -27 3.40 .TI .OO 
U I  56. 213. 370. 246. 176. 120. 84. 54. 37. 25. 
U I  19. 9. 7. 7. 7. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
+ DDW *.*** P r e s e r v e d  **l* 

KK R1516S 
ffl RWTE HYDROGRAPH HC15 THROUGH S16S - SKYLINE UASH DOUNSTREAU OF 
ffl CONFLUENCE UlTH COYOTE UASH 
RS 2 F L W  - 1 
RC .07 .036 .07 2218 .018 
RX 1000 1035 1150 1180 1320 1360 1480 1481 
RY 1236 1234 1234 1 1232 1234 1236 1236 
* BASIN S l 6 S  - SUBBASIN AT SKYLINE UASH OWNSTREAM OF CONFLUENCE UlTH COYOTE U. 
* DDW - Updated  -* 

KU $160 
KI( BASIN 516s  
KN THE FOLLCUING PARAMETERS UERE PROVIDED FOR THlS BASIN 
ffl L= .6 Lca= .3 S- 116.4 Kn= .030 LAG= 9.3 
KN PHOENIX WYJNTAIN S-GRAPH UAS USED FOR THIS BASIN 
BA .17 
LO .15 .25 3.95 .53 6-00 
U1 100. 373. 611. 379. 271. 175. 123. 76. 53. 34. 
U I  23. 12. 12. 12. 0. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* OD# *.*** P r e s e r v e d  - 
KK IHC16S 
KU CCWBINE R W T W  HYDROOWH R14-16s A I D  R15-16s YITH HYDROGRAPH S16S 

ffl DOUWSTRW OF CONFLUENCE OF SKYLINE WASH UITH COYOTE UASH 

HC 3 4.6952 
* BASIN S16H - SOBBASIN TRIBUTARY TO SKYLINE UASH 
* DDW m** UFdatad  *"" 



Kt4 BASIN S16N 
KM THE FOLLOUING PARAMETERS MERE PROVIDED FOR THIS BASlN 

YII L= .9 Lea- .6 S= 653.2 Kn.  -050 LAG= 16.5 
M PHOENIX ((OUNTAIN S-GRAPH WAS LISED FOR THlS BASIN 
BA .17 
LO .U .25 3.95 .53 18.00 
UI Ib. 90. 189. 256. 366. 238. 189. 158. 1 2  98. 
UI 80. 66. 48. 39. 32. 26. 19. 16. 15. 6. 
U1 6. 6. 6. 6. 6. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* Don *- Preserved *.** 

HEC-1 IWWT PAGE 10 

KK R16N-S 
m RWTE HYDROGRAPH Sl6N THRWGH S16S 
RS 2 FLW -1 
RC .07 . a 6  .07 3230 .022 
RX 1000 1035 1150 1180 1320 1360 1480 1481 
RY 1236 1234 1234 1232 1232 1234 1236 1236 
* oDn m** Preserved - 
KK HC16S 
Kn CWBINE RWTm HYOROGRAPH R16N-S AND IHC16S 
Kn SKYLINE WASH OWNSTREM OF COYOTE WASH 

HC 2 4.8652 
Don *'** Preserved ***** 

KK 0116s 
m SPLIT FLW AT CP16S; WllW FLOY TO S17 AND MINOR FLW TO S22 
DT Dl22 
Dl  0 46 144 344 708.5 1223 
Da 0 0 8 52 153 329 
* DDM - PrOSsrVed **.* 

KK RDI16S 
Kt4 RWTE HYDROGRAPH D116S THRWGH 017 
RS 3 FLOV -1 
RC -07 .036 .07 4341 .015 
RX 1000 10M) 1090 1120 1145 1180 1200 1320 
RY 1202 120Ol lW.5 1200 1199 1199 1200 1202 
* BASIN 517 - WBBASIN OF SKYLINE WASH SWTH OF MCDWELL ROAD ON EAST SIDE 

OF WATERSHED 
* Don - updated -* 

KK $17 
Kn BASIN S17 
m THE FOLLOUlNG PARAMETERS WERE PROVIDED FOR THIS BASlN 
Kn L= .9 Lea= .5 S= 117.9 Kn= .030 LAG= 12.8 
KH PHOENIX ((OUWTAIW S-GRAPH WAS USED FOR T H l S  BASlN 
BA -29 
LO .15 .26 3.60 .67 .00 
U1 79. 311. 540. 784. 495. 385. 298. 212. 170. 117. 
UI 89. 66. 50. 37. 28. 15. 15. 15. 15. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DOH *- Preserved - 



I 400 KK HC17 
401 ffl CMBINE RWTEO HYDROGRAPH R16-17 WITH HYDROGRAPH S17 AT EAST SIDE OF 

402 YII BUCKEYE F.R.S. NO. 3 

I 
403 HC 2 5.1537 

* BASIN S18 - BEGlNNlNO OF RATTLER WASH 

DOH **** Updated -- 
1 HEC-1 INPUT PAGE 11 

I LINE I D  ....... 1 ....... Z ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

KK Sl8 
BASIN S18 

KM THE FOLLWIHG PARMETERS UERE PROVIDED FOR T H l S  BASIN 

ffl La .8 LC= .4 S= 292.7 KW .WO LAG= 12.9 
f f l  PHOENIX WNTAIN S-GRAPH WAS USED FOR THlS BASIN 

BA .M 
LG .20 2 5  3.95 .53 17.00 
UI 96. 380. 662. 968. 618. 479. 373. 267. 211. 149. 
UI 111. 84. 64. 46. 38. 18. 18. 18. 18. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

DDM "*.* Preserved Om' 

KK R18-19 
Kn RWTE HYDROGRAPH HC18 THRWGH S19 

RS 3 FLOU -1 
RC .07 .OM .07 4253 .02 
RX 1000 1050 1100 1125 1140 1180 1240 1241 
RY 1266 1264 1242 1240 1242 1264 1266 1266 
* BASIN S19 - SUBBASIN OF RATTLER WASH 

* DDM **** Updated -* 

KK S19 
ffl BASIN S19 
f f l  THE FOLLWING PMETERS UERE PROVIDED FOR THIS  BASIN 
KI1 L= 1 Lea= .8 S= 824.8 Kn;; .030 LAG= 11.6 
m PHOENIX WNTAIN S-GRAPH WAS usm FOR THIS BASIN 

BA .29 
LG .15 .25 4.00 .52 12.00 
UI 102. 389. 662. 802. 483. 372. 266. 195. 138. 99. 
UI 72. 51. 41. 22. 16. 16. 16. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

DDM "m+ Preserved **- 

KK HCl9 
13) CMBIWE RWTED HYDROGRAPH R18-19 WITH HYDROGPAPH S19 - RATTLER WASH 

HC 2 0.6498 
* Don "m+ Prasewed -* 

KK R19-20 
ffl RWTE CDWBINED HYDROGRAPHS HC19 THRWGH SZO - RATTLER WASH 

RS 3 FLW -1 
RC , .07 .036 .07 3740 .022 
RX 999 1000 1030 1095 1130 1150 1220 1221 
RY 1208 1208 1206 1204 1204 1206 1208 1208 
* BASIN S2O - SUBBASIN OF RATTLER WASH 
' DDM - updated - 



LINE 

M BASIN 920 
131 THE FDLLOUING PARAMETERS WERE PROVIDED FOR THIS BASIN 
KW L= .9 LCW .4 S= 84.1 Kn= .030 LAG= 13.0 
M PHOENIX HWNTAIN S-GRAPH WAS USED FOR THIS BASIN 

BA .09 
HEC-1 INPUT PAGE 12 

LO .15 .26 3.60 .67 4.00 
UI 22. 88. 155. 228. 147. 114. 89. 64. 50. 36. 
UI 26. 20. 16. 11. lo. 4. 4.  4. 4. 4. 

UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* ODW **** Preserved *- 

KK HC2D 
M CMBlNE ROUTED HYDROGRAPH Rl9-20 WITH HYDROGRAPH SZO AT FAR EAST SIDE 
M OF STmY AREA NORTH OF BUCKEYE F.R.S. NO. 3 
HC 2 0 . W  

BASIN S21 - SUBBASIN NORTH OF BUCKEYE F.R.S. NO 3 SPILLWAY 
* DDH *** Updated *m* 

KK S21 
Kn B1SIN S21 
M THE FOLLOUING PARAMETERS UERE PROVIDED FOR THIS BASIN 
Kn L= 1.2 Lea= .6 S= 780.6 Kn= .030 LAG= 11.0 
Kn PHOENIX HWNTAIN S-GRAPH WAS USED FOR THIS BASIN 
BA .62 
LO .15 .25 4.10 .51 10.00 
UI 245. 927. 1593. 1636. 1019. 766. 522. 392. 260. 190. 
UI 136. 93. 67. 36. 36. 36. 0. 0. 0. 0. 

UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* MSIY SU - SUBBASIN IN MIDDLE LWER PART OF WATERSHED 
* DDM - Updated *- 

a: S22 
M BASIN S22 
M THE FOLLOUING PARAMETERS UERE PROVIDED FOR THlS BASIN 
M L= 1.3 LC* .4 S= 110.1 KG= .029 LAG= 13.7 
KH PHOENIX WJNTAIN S-GRAPH WAS USED FOR THIS BASIH 

BA .55 
LG .16 .25 3.91 .53 1.00 
UI 135. 496. 909. 1351. 1029. 742. 594. 451. 332. 268. 
UI 188. 151. 108. 84. 66. 51. 26. 26. 26. 26. 
UI 26. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

DDW "m* Preserved *** 

KK D I P  
M RETURN DIVERTED HYDROGRAPH TO ROUTE AND CCUBINE WITH S24 
DR Dl22 
* DDM - Preserved - 
KK RDIU 

M RWTE HYDROGRAPH 0122 THRWGH S22 - PORTION OF DIVERT OF SKYLlNE WASH 

RS 4 FLW -1 
RC .07 .036 .07 4253 .015 

RX 997 998 999 1000, 1060 1210 1300 1300 
RY 1217 1216 1216 1215 1215 1216 1216 1217 



* DDn ***** Preserved +*m 
HEC-1 INPUT 

KK CP22 
M COMBINE HYDROGRAPHS AT CP22 
HC 2 5.4141 
* BASIN $23 - SUBBASIN IN MIDDLE LOUER PART OF UATERSHEO 
*DDM -UpdPtedm 

KK SZ3 
M BASIN SU 
M THE FOLLOUlNG PARAMETERS ERE PROVIDED FOR THIS BASIN 
M L= 1.6 Lcaa .5 S= 112.1 Kn= .028 LAG= 15.2 
f f l  PHOENIX WNTAIN S-GRAPH WAS USE0 FOR THIS BASIN 
A .49 . 
LG .17 .26 3.50 .m 2-00 
U1 108. 331. 660. 901. 1086. 670. 547. 446. 338. 263. 
UI 217. 155. 125. 98. 81. 53. 53. 31. 21. 21. 
UI 21. 21. 21. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* BASIN $24 - SUBBASIN OWNSTREAM OF SKYLINE UASH SPLIT FLOU 
* Don -** Updated *-* 

PAGE 13 

KK 524 
KU BASIN S24 
M THE FOLLOUING PARAMETERS YERE PROVIDED FOR THIS BASIN 
Kn La 2.4 Lca= 1.2 S= 113.8 Kn= -037 LAC= 32.2 
M PHOENIX WNTAIN S-GRAPH UAS USED FOR THIS BASIN 

A .32 
LG .20 2 4.00 .51 1.00 
U1 33. 33. 66. 117. 171. 211. 242. 2i3. 350. 361. 
UI  1 206. 189. 172. 157. 142. 129. 111. 96. 84. 
Uk 78. 73. 65. 54. 45. 42. 37. 36. 30. 25. 
UI . 22. 16. 16. 16. 16. 13. 6. 6. 6. 
UI 6. 6. 6. 6. 6. 6. 6. 6. 6. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* ODn - Preserved -* 

10: 0124 
m RETURN DIVERTED HYDRMiRAPH TO RWTE AN0 MBINE UITH $24 

OR Dl24 
* ODn *-* Preserved *"* 

KK RD124 
M RWTE HYDROGWH 0124 THRCUGH S24 
RS 7 FLDU -1 
RC .07 .036 .07 5929 .02 
RX 1000 1045 lW 1060 1100 1120 1155 1220 
RY 1222 1220 1218 1218 1216 1216 1220 1220 
* DDII , - Preserved ***** 

HEC-1 INPUT PAGE 14 



m CWBINE HYDROGRAPHS AT CP24 
HC 2 4.2443 
* BASIN S2f - UPSTREAM END OF SllALL WATERSHED EAST OF PROSPECT WASH 

* Don *** Updated  a-** 

KK S25 
m BASIN S25 
ffl THE FOLLWINQ PARAMETERS MERE PROVIDED FOR THIS BASIN 

KM L a  .7 Lcs. .3 S= 103.0 Kn= .030 LAG. 10.0 
m PHOENlX IKLINTAIW S-GRAPH UAS USED FOR THIS BASIN 

A .03 
LG .15 .25 4.15 .49 .OO 
U I  13. 50. 87. 61. 43. 30. 21. 14. 10. 
U I  4. 3. 2. 2. 2. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDM *-* P r e s e r v e d  - 
KK R25-26 
KH RWTE HYDROGRAPH S25 THRWGH S26 CROSSING NEAR THE INTERSECTION OF 
m WTSON ROAD AND MCDWELL ROAD 
RS 5 F L W  -1 
RC .07 .036 .07 6571 .02 
RX 1000 1045 1060 1080 1100 1120 1155 1220 
RY 1222 1220 1218 1218 1216 1216 1220 1220 
* BASIN S26 - SUBBASIN ON THE LWER UEST SIDE OF STUDY AREA 
* DDM **** Updated  ."** 

KK S26 
m BASIN S26 
ffl THE FOLLWlNG PARAMETERS UERE PROVIDED FOR THIS BASIN 

ffl L a  1.2 Lca= .5 S= 119.7 K F  .O29 LAG* 13.8 
KII PHOENIX MWNTAIN S-GRAPH UAS USEO FOR THIS BASIN 
BA .I1 
LP .I6 .25 4.20 .47 1.00 
U I  52. 187. 7 .  513. 403. 286. 230. 177. 129. 
U I  74. 59. 43. 33. 25. 21. 10. 10. 10. 
U I  10. 0. 0. 0. 0. 0. 0. 0. 0. 
U I  0. 0. 0. 0. 0. 0. 0. 0. 0. 
* DDM *- P r e s c n n d  - 
KK HC26 
m CWBINE RWTED HYDROGRAPH ~ 2 5 - 2 6  UITH HYDROGRAPH $26 
m AT UEST SIDE OF UATERSHEO NORTH OF BUCKEYE F.R.S. NO. 3 
HC 2 0.2377 
* BASIN 527  - BEGINNING OF PROSPECT WASH 

DDM *-* Updated  -* 

KK S27 
KH BASIN S27 
f f l  THE FOLLOWING PARAMETERS UERE PROVIDED FOR THIS BASIN 
a L= 1.4 Lea= .5 S= 345.2 ~ n =  . O ~ O  LAG= 12.6 
KN PHOENIX W N T A l N  S-GRAPH MAS USEO FOR THIS BASIN 
BA .51 
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* Don am* Preserved **** 

568 KK R27-28 
569 m RDUTE HYDROOWH S27 THRWOH S28 
57a RS 2 FLW - 1 
571 RC .07 .036 .07 2482 .022 
572 RX 1000 1060 1090 1100 1120 1130 1160 1230 
573 RY 1250 1248 1240 1238 1238 1240 1242 1250 

* BASIN S28 - SUBBASIN OF PROSPECT WASH 
C DDII **- Updated -* 

574 KK $211 
575 131 BASIN 9 8  
576 KH THE FOLLDVING PARAMETERS UERE PROVIDED FOR THIS BASIN 

1 
577 m L= .4 ~ e a -  .2 s= 120.0 Kn= .028 LAG= 6.2 
578 KM PHOENIX MOUNTAIN S-GRAPH UAS USED FOR THIS BASIN 
579 BA .04 
580 LG .17 .25 4.15 -48 2.00 

I 581 UI 55. 180. 114. 65. 36. 19. 11. 4. 4. 0. 

582 UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
583 UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

I * 0011 m** Preserved **" .. 
5BO KK HC28 
585 m CD~BINE RWTED HYDROGRAPH ~27-28 WITH HYDROGRAPH $28 - PROSPECT WASH 

I 586 ffl AT WATSON ROlD CROSSlNO 
587 HC 2 0.5526 

* DDIl ***** Preserved ***** 

A 588 
' KK R28-29 

589 m ROUTE CMBINED HYDROOWHS HC28 THRWGH s29 

3 
590 RS 3 FLW -1 

591 RC .07 .036 -07 3804 .Ole4 
592 RX 1000 1000 1110 1125 1165 1170 1250 1251 

593 RY 1192 1192 1190 1188 1188 1190 1192 1192 

i * BASIN S29 - SUBBASIN OF PROSPECT WASH 
DDIl - Updated - 

594 KK S29 

I 595 KH BASIN S29 
5% KM THE FOLLWING PARAMETERS UERE PROVIDED FOR THIS BASIN 
597 m La .7 Lea= .3 S= 102.9 Kn= .030 LAG; 9.4 

i 598 m PH~EMIX WNTAIN S-GRAPH UAS USED FOR THIS BASIN 

599 8A .10 
600 LO .15 -25 4.15 .49 .OO 

1 601 UI  55. 207. 343. 215. 154, 101. 71. 44. 31. 20. 

d 602 UI 14. 7. 7. 7. 0. 0. 0. 0. 0. 0. 

603 UI 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
* Don Mr Preserved rn** 
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LINE I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

I f i 
604 KK HC29 
645 Kt4 CWBINE RWTED H Y D R O G ~ + ~  ~28-29 WITH HYDROGRAPH ~ 2 9  - PROSPECT WASH 

v 606 YII AT BUCYEYE F.R.S. NO 3 
607 HC 2 0.6515 



* 
* Dan *** P r e s e r v e d  **** 

INPUT 

I NO. 

608 KK HCBESS 
609 KW CWBINE ALL HYDROGRAPHS AT BUCKEYE FRS-3 
610 WC 8 8.7485 
61 1 If 

SCHEMATIC DIAGIUII OF STREAM NET= 

(V) RWTING (--->) DIVERSION OR PUUP F L W  

(.) CONNECTOR (<---) RETURN OF DIVERTED OR WMPED F L W  

s2 

HCZ ............ 
v 
v 

R2-3 

S3 









-> RUNOFF ALSO COWWED AT THIS LOCATION 
mt*t.H...mn*m...*mm*m**." 

" 
FLOQ) HYDROGWLPH PACKAGE (HEC-1) * 

MAY 1991 * 
VERSION 4.0.1E * 

* * 

F RUN DATE 08/19/98 TlME 15:18:15 * 
* 

SKTLINE WASH AWD TRIWTARIES 
FLOOOPUIN DELINEATION STUDY 
Fa) 96-08 

HEC- 1 

DATE: 8-19-98 
STORR: 100-YR 6-HOUR STORM 
F I L E  NAIIE: SKYLINE6.DAT 

DDM MWHP2 SKYLINE HASH-BUCKEYE, ARIZONA 

I 15 10 CUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 

I  as^^ O. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 3 MINUTES I N  COIIWTATION INTERVAL 

IDATE 1 0 STARTING DATE 
IT IME 0000  STARTING TIME 

I 
)IQ 300  NWBER OF HYDROGRAPH ORDINATES 

NDDATE , 1 0 ENDING DATE 
NDTIME 1457 ENDING TIME 

U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 
t 609  SECOND STREET * 
* DAVIS. CALIFORNIA 95616 " 
* (916) 551-1748 * 
* t 

*** . t**t***t**u** l*X***t*"* . t tX*ntt*  



I ICENT 19 CENTURY MARK 

COFIWTATIOW lNTERVAL 0.05 HWRS 

I TOTAL TIME BASE 14.95 HWRS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 

I PRECIPlTATlW DEPTH lNCHES 
LENGTH, ELEVATION FEET 
FLOV CUBIC FEET PER SECCUD 

I STORAGE VOLUlE ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

1 16 JD INDEX STORN NO. 1 
STRn 3.40 PRECIPITATION DEPTH 
TROA 0.01 TRANSPOSITlON DRAINAGE AREA 

I 17 P I  PRECIPITATICU PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.02 
0.03 0.03 0.03 0.03 0.03 0.09 0.09 0.09 0.09 0.09 

I 0.02 0.02 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 

\ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Lo INDEX STOW NO. 2 
SnUI 3.38 PRECIPITATION DEPTH 

I TRDA 0.50 TRANSPOSITION DRAINAGE AREA 

0 P I  PRECIPITATION PATTERN 

I 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.02 0.02 

I 0.M 0.03 0.03 0.03 0.03 0.09 0.09 0.09 0.09 0.09 
0.02 0.02 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 21 Jo 
INDEX STORM NO. 3 

S l W  3.33 PRECIPITATION DEPTH 
TRDA 2.80 TRANSPOSITION DRAINAGE AREA 

3 rpl PRECIPlTATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 , 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I 



INDEX STORM NO. 4 
STRI 3.13 PRECIPITATION DEPTH 
TRDA 16.00 TRANSWSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.01 0.01 0.01 0.01 0.01 
0.03 0.03 0.03 0.03 0.03 
0.03 0.03 0.03 0.03 0.03 
0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

INDEX STOW NO. 5 
STRR 2.75 PREClPITATlON DEPTH 
TRDA 90.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 

0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

0.01 0.01 0.01 0.01 0.01 
0.03 0.03 0.03 0.03 0.03 
0.02 0.02 0.02 0.02 0.02 
0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 

INDEX STORM NO. 6 
STRn 1.94 PRECIPITATION DEPTH 
TRDA 500.00 TRlVlSWSlTlON DRAINAGE AREA 

PREClPlTATlON PATTERN 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.01 0.01 
0.01 0.01 
0.02 0.02 
0.02 0.02 

0.01 0.01 
0.00. 0.00 



RUNOFF SUMNARY 
F L W  I N  CUBIC FEET PER SECOND 

TIME I N  HOURS. AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLDV FOR llAXl1111M P E R I W  I OPERATION STATION F L W  PEAK 
6-HWR 24-HWR 72-HOUR 

I HYDROGRAPH AT 

ROUTED TO 

I 
HYDROGRAPH AT 

I RCUTED TO 

HYDROGRAPH AT 

I 
I 

HYDROGRAPH AT 

1 HYDROGRAPH AT 

BASIN M I M U M  TIME OF 
AREA STAGE MAX STAGE 



ROUTED TO 

HYDRDCRAPH A7 

2 CDnBlNED AT 

HYDROOMPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 CWBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 -1NED AT 

HYDROGRAPH AT 

2 MWBINED AT 

RWTED TO 

HYOROWUPH AT 

2 MWBINED AT 

2 UI(B1NED AT 

ROUTED TO 

HYDROGRAPH AT 

2 MWBlNED AT 

DIVERSION' TO 

175. 175. 2.70 

4.  4. 0.05 

179. 179. 2.75 

27. 27. 0.34 



8 RWTED TO 
I , RDI13 

I RWTED TO 
R1416S 

I 
HYDROGRAPH AT 

S15 

RWTED TO 

I R1516S 

HYDROGRAPH AT 

I DIVERSION TO 
0 1 2 2  

ROUTED TO 

I RD116S 

SIB 

ROUTED TO 
R18-19 



I ~ 

HYDROGRAPH AT 

I 
HYDROGRAPH AT 

HYDROGRAPH AT 

I 
RWTED TO 

1 HYDROGRAPH AT 

HYDROGRAPH AT 
D l 2 4  

R M E D  TO 
RD124 

R M E D  TO 
R25-26 

HYDROGRAPH AT 
8 2 7  

RWTED TO 
R27-28 



I 
8 CWBINED AT 

HCBEQ 4673. 4 -35 1085. 440. 440.  8.75 

NORHAL END OF HEC-I *** 



Appendix E - Monte Carlo Simulation Documentation 



I 

FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C. Simulation 1 I 

Basin Name I A 
Basin S1 0.35", 
Basin 52 
Basin 53  
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin 514 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S26 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)KC. Simulation 2 I 

Basin Name IA , 
Basin S1 0.32 ", 
Basin 52 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S1 2E 
Basin S12W 
Basin S1 3 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S1 9 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name IA , 

Basin S1 0.23 
Basin S2 0.23 
Basin 53 0 . 3 0 5  
Basin S4 
Basin S5 0 . 3 0 ~  0.23 
Basin S6 0.29 J 
Bas~n 57 
Basin 58 
Basin S9 
Basin S10 
Basin S11 0.30 

Basin S12E 0.37 
Basin S12W 0.37 
Basin 513 0.375, 
Basin S14 0.37 J 

Basin 515 
Basin S16N 0.23 0.37 J 
Basin S16S 0.37J 
Basin S17 0 . 3 7 5  
Basin S18 0.30 J 
Basin S19 
Basin 520 
Basin 521 0.37 
Basin S22 0.30 J 
Basin S23 
Basin 524 
Basin 525 0.37 
Basin S26 
Basin 527 
Bas~n S28 
Basin 529 0.37 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name IA , 
Basin S1 0.38 v/ 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin ,318 
Basin S19 
Basin S20 
Basin 521 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name IA , 

Basin St 0.47 
Basin S2 0.47; 
Basin S3 
Basin S4 
Basin S5 
Basin S6 0.39 
Basin S7 J 
Basin S8 0.47 0.36 / 
Basin S9 0.36 J 

Basin S10 0.45 
Basin S11 0.36 

Basin SIZE 0.25; 
Basin S12W 0.25 
Basin S13 0.259 
Basin S14 0.25J 
Basin 515 

Basin S16N 0'25 J 
Basin S16S 
Basin S17 

0":;; J 
0.255 

Basin S18 0.36 / 
Basin S19 0.25 J 

Basin S20 0.25 
Basin S21 0 . 2 5 9  
Basin S22 
Basin 523 0.33 0.36 J' 
Basin S24 0.39 J 

Basin S25 0.25 
Basin S26 0 .315  
Basin S27 0.25 
Basin S28 0.36 
Basin S29 0.25 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Slmulatlon 6 I 
Basin Name IA , 

Basin S1 0.32 " 
Basin 52 0.32 7 
Basin S3 0.23 J 

Basin 54 0.23 
Basin S5 0 . 3 2 5  
Basin S6 0.25 
Basin S7 
Basin S8 
Basin S9 0 .235 
Basin S10 
Basin S11 

Basin S12E 
::;: J 

Basin S12W 
Basin S1 3 
Basin S14 
Basin S15 

Basin S16N 0.32 
Basin S16S 0.155 
Basin S17 
Basin S18 0.23 J 
Basin S19 0.15 9 
Basin 520 0.15 
Basin S21 0 .155  
Basin S22 
Basin S23 0.28 0.24 J 
Basin 524 0 .285  
Basin S25 0 . 1 5 ~  
Basin S26 
Basin S27 
Basin S28 

00:: J 
0 . 2 8 ~ ~  

Basin S29 0.15 \/ 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

(M.c. Simulation 7 I 

Basin Name IA . 

Basin S1 0.46*// 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin 518 
Basin S19 
Basin 520 
Basin S21 
Basin 522 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C. Slmulatlon '8 I 

Basin Name IA , 
Basin S1 0.37" 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)KC. Simulation 10 I 

Basln Name I A 
Basin S1 0.26 V' 

Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.41 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin 522 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.22 v 
Basin 52 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Slmulatlon 14 I 
Basin Name I A 

Basin S1 0.22 ir 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin St4 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 









FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

JM.c. ~imulation 18 I 

Basin Name I A 
Basin S1 0.44 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin 526 
Basin 527. 
Basin S28 
Basin S29 









FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C. Simulation 22 I 

Basin Name I A 
Basin S1 0.47 
Basin S2 0.47 
Basin S3 0.32 
Basin S4 0.32 
Basin S5 0.47 
Basin S6 0.35 
Basin S7 0.32 
Basin S8 0.47 
Basin S9 0.32 

Basin S10 0.44 
Basin S11 0.32 

Basin S12E 0.18 
Basin S12W 0.18 
Basin S13 0.18 
Basin S14 0.18 
Basin S15 0.18 

Basin S16N 0.47 
Basin S16S 0.18 
Basin S17 0.18 
Basin S18 0.32 
Basin Sl9 0.18 
Basin S20 0.18 
Basin S21 0.18 
Basin S22 0.19 
Basin S23 0.20 
Basin S24 0.31 
Basin 525 0.18 
Basin 526 0.19 
Basin S27 0.18 
Basin S28 0.20 
Basin S29 0.18 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.C. Slrnulatlon 24 I 

Basin Name I A 
Basin S1 0.26 
Basin 52 0.26 
Basin S3 0.19 
Basin 54 0.19 
Basin S5 0.26 
Basin S6 0.20 
Basin 57 0.19 
Basin S8 0.26 
Basin S9 0.19 

Basin S10 0.24 
Basin S11 0.19 

Basin S12E 0.12 
Basin S12W 0.12 
Basin 513 0.12 
Basin 514 0.12 
Basin S15 0.12 

Basin S16N 0.26 
Basin S16S 0.12 
Basin S1 7 0.12 
Basin S18 0.19 
Basin S19 0.12 
Basin S20 0.12 
Basin 521 0.12 
Basin S22 0.17 
Basin 523 0.19 
Basin S24 0.21 
Basin S25 0.12 
Basin S26 0.16 
Basin 527 0.12 
Basin 528 0.19 
Basin S29 0.12 







FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

(M.c. Simulation 27 i 

Basin Name IA 
Basin S1 0.31 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin 523 
Basin 524 
Basin S25 
Basin S26 
Basin 527 
Basin 528 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Slmulatlon 28 I 

Basin Name I A 
Basin Sf 0.63 
Basin 52 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin 521 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

M.C. Simulation 30 I 

Basin Name I A 
Basin S1 0.41 
Basin 52 0.41 
Basin S3 0.25 
Basin S4 0.25 
Basin 55 0.41 
Basin S6 0.28 
Basin 57 0.25 
Basin S8 0.41 
Basin S9 0.25 
Basin 810 0.38 
Basin S11 0.25 

Basin S12E 0.09 
Basin S12W 0.09 
Basin S13 0.09 
Basin S14 0.09 
Basin S15 0.09 

Basin S16N 0.41 
Basin S16S 0.09 
Basin 517 0.09 
Basin S18 0.25 
Basin SIB 0.09 
Basin S20 0.09 
Basin S21 0.09 
Basin 522 0.17 
Basin 523 0.21 
Basin 824 0.27 
Basin S25 0.09 
Basin S26 0.15 
Basin 527 0.09 
Basin 528 0.20 
Basin S29 0.09 











FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 35 I 

Basin Name I A 
Basin S1 0.38 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin St 6N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S2l 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.27 
Basin 52 0.27 
Basin 53 0.27 
Basin 54 0.27 
Basin S5 0.27 
Basin S6 0.27 
Basin 57 0.27 
Basin S8 0.27 
Basin S9 0.27 
Basin S10 0.27 
Basin S11 0.27 

Basin S12E 0.28 
Basin S12W 0.28 
Basin 513 0.28 
Basin S14 0.28 
Basin S15 0.28 

Basin S16N 0.27 
Basin S16S 0.28 
Basin S17 0.28 
Basin S18 0.27 
Basin S19 0.28 
Basin S20 0.28 
Basin S21 0.28 
Basin 522 0.31 
Basin S23 0.33 
Basin S24 0.30 
Basin 525 0.28 
Basin 526 0.30 
Basin S27 0.28 
Basin S28 0.32 
Basin S29 0.28 







FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C.  Simulation 39 I 

Basin Name i A 
Basin S1 0.46 
Basin 52 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin 524 
Basin 525 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 41 I 

Basin Name IA 
Basin S1 0.17 
Basin S2 0.1 7 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S1 3 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin 528 
Basin 529 











FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 46 1 

Basln Name I A 
Basin S1 0.21 
Basin 52 0.21 
Basin S3 0.29 
Basin S4 0.29 
Basin 55 0.21 
Basin S6 0.28 
Basin S7 0.29 
Basin S8 0.21 
Basin S9 0.29 
Basin S10 0.22 
Basin S11 0.29 

Basin S12E 0.38 
Basin S12W 0.38 
Basin S13 0.38 
Basin S1 4 0.38 
Basin S15 0.38 

Basin S16N 0.21 
Basin S16S 0.38 
Basin S1 7 0.38 
Basin Sl8 0.29 
Basin S19 0.38 
Basin S20 0.38 
Basin 521 0.38 
Basin S22 0.33 
Basin 523 0.30 
Basin S24 0.27 
Basin S25 0.38 
Basin S26 0.34 
Basin S27 0.38 
Basin 528 0.3J 
Basin S29 0.38 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basln Name I A 
Basin S1 0.31 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin 57 
Basin 58 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin 526 
Basin S27 
Basin 528 
Basin S29 









FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)KC. Slrnulatlon 52 3 

Basin Name I A 
Basin S1 0.12 
Basin S2 0.12 
Basin S3 0.12 
Basin 54 0.12 
Basin S5 0.12 
Basin S6 0.12 
Basin S7 0.12 
Basin S8 0.12 
Basin S9 0.12 

Basin S10 0.1 2 
Basin S11 0.12 

Basin S12E 0.12 
Basin S12W 0.12 
Basin S13 0.12 
Basin 514 0.12 
Basin S15 0.12 

Basin S16N 0.12 
Basin S16S 0.12 
Basin 517 0.12 
Basin S18 0.12 
Basin S19 0.12 
Basin S20 0.12 
Basin S21 0.12 
Basin 522 0.17 
Basin S23 0.20 
Basin S24 0.15 
Basin S25 0.12 
Basin S26 0.16 
Basin S27 0.12 
Basin 528 0.19 
Basin S29 0.12 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.c. Simulation 53 I 

Basin Name I A 
Basin S1 0.25 
Basin 52 
Basin 53 
Basin 54 
Basin $5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S I 6  
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin 527 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. ~imulation 54 I 

Basin Name I A 
Basin S l  0.32 
Basin 52 
Basin 53 
Basin 54 
Basin S5 _ 
Basin S6 
Basin S 7 4  
Basin SB 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S17- 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin 524 
Basin 525 
Basin S26 
Basin 527 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.c. Simulation 55 I 

Basin Name I A 
Basin S1 0.42 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin 524 
Basin 525 
Basin 526 
Basin 527 
Basin 528 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 57 I 

Basin Name I A 
Basin S1 0.27 
Basin S2 0.27 
Basin S3 0.21 
Basin S4 0.21 
Basin S5 0.27 
Basin S6 0.22 
Basin S7 0.21 
Basin S6 -9.27 
Basin S9 0.21 
Basin S10 0.26 
Basin S11 0.21 
Basin S12E 0.15 
Basin S12W 0.15 
Basin S13 0.15 
Basin 514 0.15 
Basin S15 0.15 

Basin S16N 0.27 
Basin S16S 0.15 
Basin S17 0.15 
Basin S18 0.21 
Basin S19 0.15 
Basin S20 0.15 
Basin S21 0.15 
Basin S22 0.23 
Basin 523 0.27 
Basin S24 0.25 
Basin S25 0.15 
Basin S26 0.21 
Basin S27 0.15 
Basin S28 0.27 
Basin S29 0.15 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

(M.c. Simulation 59 1 

Basin Name I A 
Basin S1 0.55 
Basin S2 0.55 
Basin 53 0.40 
Basin S4 0.40 
Basin S5 0.55 
Basin S6 0.43 
Basin S7 0.40 
Basin S8 0.55 
Basin S9 0.40 

Basin S10 0.52 
Basin S11 0.40 

Basin S12E 0.26 
Basin S12W 0.26 
Basin S13 0.26 
Basin S14 0.26 
Basin 51 5 0.26 

Basin S16N 0.55 
Basin S16S 0.26 
Basin 517 0.26 
Basin S18 0.40 
Basin S19 0.26 
Basin 520 0.26 
Basin S21 0.26 
Basin S22 0.31 
Basin 523 0.34 
Basin S24 0.41 
Basin S25 0.26 
Basin S26 0.30 
Basin S27 0.26 
Basin S28 0.34 
Basin S29 0.26 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulatlon 61 1 

Basin Name I A 
Basin S1 0.26 
Basin S2 
Basin 53 
Basin 54 
Basin S5 
Basin S6 
Basin 57  
Basin S8 
Basin S9 
Basin S10 
Basin S l  1 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin 518 
Basin S19 
Basin S20 
Basin 521 
Basin S22 - 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 63 I 

Basin Name IA 
Basin S1 0.55 
Basin 52 
Basin 53 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin 518 
Basin S19 
Basin 520 
Basin 521 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 65 I 

Basin Name I A 
Basin S1 0.14 - 

Basin S2 0.14 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin 518 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Slmulatlon 67 1 

Basin Name I A 
Basin S1 0.27 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S1 3 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

M.C. Simulation 69 I 

Basin Name I A 
Basin S1 0.49 
Basln S2 0.49 
Basin S3 0.44 
Basin S4 0.44 
Basin S5 0.49 
Basin S6 0.45 
Basin 57 0.44 
Basin S8 0.49 
Basin S9 0.44 
Basin S10 0.48 
Basin S11 0.44 

Basin S12E 0.39 
Basin S12W 0.39 
Basin 513 0.39 
Basin 514 0.39 
Basin S15 0.39 

Basin S16N 0.49 
Basin S16S 0.39 
Basin S17 0.39 
Basin S18 0.44 
Basin S19 0.39 
Basin S20 0.39 
Basin 521 0.39 
Basin S22 0.34 
Basin S23 0.32 
Basin S24 0.40 
Basin 525 0.39 
Basin S26 0.35 
Basin 527 0.39 
Basin 528 0.32 
Basin 529 0.39 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C. Simulation 71 1 

Basin Name I A 
Basin S1 0.24 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin $13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S16 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin 524 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name IA 
Basin S1 0.28 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 51 3 
Basin S14 
Basin 51 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin 521 
Basin S22 
Basin 523 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.29 . 

Basin 52 0.29 
Basin 53 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S l l  

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.56 
Basin 52 0.56 
Basin S3 0.34 
Basin S4 0.34 
Basin S5 0.56 
Basin S6 0.39 
Basin 57 0.34 
Basin S8 0.56 
Basin S9 0.34 
Basin S10 0.52 
Basin S11 0.34 

Basin SIZE 0.1 2 
Basin S12W 0.1 2 
Basin S13 0.12 
Basin S14 0.12 
Basin S1 5 0.12 

Basin S16N 0.56 
Basin S16S 0.12 
Basin S17 0.12 
Basin S18 0.34 
Basin S19 0.12 
Basin S20 0.12 
Basin 521 0.1 2 
Basin S22 0.23 
Basin S23 0.28 
Basin S24 0.37 
Basin S25 0.1 2 
Basin S26 0.20 
Basin S27 0.12 
Basin S28 0.28 
Basin S29 0.12 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

~M.C. Simulation 77 1 

Basin Name I A 
Basin S1 0.49 
Basin 52 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S1 8 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Initial Abstraction 

)M.c. Simulatlon 79 I 

Basin Name I A 
Basin S1 0.27 
Basin 52 0.27 
Basin S3 0.30 
Basin S4 0.30 
Basin S5 0.27 
Basin S6 0.29 
Basin 57 0.30 
Basin 58 0.27 
Basin S9 0.30 

Basin S10 0.27 
Basin S11 0.30 

Basin S12E 0.33 
Basin S12W 0.33 
Basin S13 0.33 
Basin St4 0.33 
Basin 515 0.33 

Basin S16N 0.27 
Basin S16S 0.33 
Basin S17 0.33 
Basin S18 0.30 
Basin S19 0.33 
Basin 520 0.33 
Basin 521 0.33 
Basin S22 0.30 
Basin S23 0.28 
Basin S24 0.28 
Basin S25 0.33 
Basin S26 0.30 
Basin 527 0.33 
Basin S28 0.28 
Basin S29 0.33 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.29 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin Sf7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin 523 
Basin 524 
Basin S25 
Basin S26 
Basin 527 
Basin S26 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulatlon 81 I 

Basin Name I A 
Basin S1 0.58 
Basin S2 0.58 
Basin S3 0.41 
Basin 54 0.41 
Basin S5 0.58 
Basin S6 0.44 
Basin S7 0.41 
Basin S8 0.58 
Basin S9 0.41 
Basin S10 0.54 
Basin S11 0.41 

Basin S12E 0.23 
Basin S12W 0.23 
Basin S13 0.23 
Basin S14 0.23 
Basin S15 0.23 

Basin S16N 0.58 
Basin S16S 0.23 
Basin S17 0.23 
Basin S18 0.41 
Basin St9 0.23 
Basin S20 0.23 
Basin S21 0.23 
Basin S22 0.27 
Basin S23 0.29 
Basin S24 0.40 
Basin S25 0.23 
Basin S26 0.26 
Basin 527 0.23 
Basin S28 0.29 
Basin S29 0.23 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Slmulatlon 83 I 

Basin Name I A 
Basin S1 0.24 
Basin S2 0.24 
Basin S3 0.19 
Basin S4 0.19 
Basin S5 0.24 
Basin S6 0.20 
Basin S7 0.19 
Basin S8 0.24 
Basin $9 0.19 
Basin S10 0.23 
Basin S11 0.19 

Basin S12E 0.14 
Basin S12W 0.14 
Basin 513 0.14 
Basin S14 0.14 
Basin S15 0.14 

Basin S16N 0.24 
Basin S16S 0.14 
Basin St7  0.14 
Basin S18 0.19 
Basin S19 0.14 
Basin S20 0.14 
Basin S21 0.14 
Basin S22 0.25 
Basin S23 0.31 
Basin S24 0.26 
Basin S25 0.14 
Basin S26 0.23 
Basin S27 0.14 
Basin S28 0.31 
Basin 529 0.14 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

M.C. Simulatlon 85 I 

Basin Name I A 
Basin S1 0.34 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 51 3 
Basin 514 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Initial Abstraction 

)M.c. Simulation 87 I 

Basin Name I A 
Basin S1 0.42 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin 527 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

[M.c. Simulation 89 I 

Basin Name I A 
Basin S1 0.16 
Basin S2 0.16 
Basin S3 0.14 
Basin 54 0.14 
Basin 55 0.16 
Basin S6 0.15 
Basin $7 0.14 
Basin S8 0.16 
Basin S9 0.14 
Basin S10 0.16 
Basin S11 0.14 

Basin S12E 0.12 
Basin S12W 0.12 
Basin 513 0.12 
Basin S14 0.12 
Basin 515 0.12 

Basin S16N 0.16 
Basin S16S 0.12 
Basin 517 0.12 
Basin S18 0.14 
Basin S19 0.12 
Basin S20 0.12 
Basin S21 0.12 
Basin S22 0.12 
Basin S23 0.12 
Basin 524 0.14 
Basin S25 0.12 
Basin 526 0.12 
Basin S27 0.12 
Basin S28 0.12 
Basin 529 0.12 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

Basin Name I A 
Basin S1 0.29 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin 521 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-7 Inputs for Initial Abstraction 

~M.C. Simulation 93 i 

Basin Name I A 
Basin S1 0.1 1 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin ST9 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 95 1 
Basin Name I A 

Basin S1 0.15 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

(M.c. Simulation 97 I 
Basin Name I A 

Basin S1 0.39 
Basin S2 0.39 
Basin S3 0.28 
Basin S4 0.28 
Basin 55 0.39 
Basin S6 0.30 
Basin 57 0.28 
Basin S8 0.39 
Basin S9 0.28 

Basin S10 0.37 
Basin S11 0.28 

Basin S12E 0.17 
Basin S12W 0.17 
Basin S13 0.17 
Basin S14 0.17 
Basin 315 0.17 

Basin S16N 0.39 
Basin S16S 0.17 
Basin $17 0.17 
Basin S18 0.28 
Basin S19 0.17 
Basin 520 0.17 
Basin 2.21 0.17 
Basin S22 0.23 
Basin S23 0.27 
Basin S24 0.30 
Basin S25 0.17 
Basin S26 0.22 
Basin S27 0.1 7 
Basin 528 0.26 
Basin 529 0.17 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Initial Abstraction 

)M.c. Simulation 99 1 

Basin Name I A 
Basin S1 0.43 
Basin S2 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin 525 
Basin 526 
Basin 527 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 1 I 

% Precipitation 
25% 2.98 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 2 3 

% Precipitation 
25% 3.15 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 3 I 

YO Precipitation 
25% 3.10 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slrnulatlon 4 1 

% Preclpltation 
25% 3.51 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulation 5 I 

% Precipitation 
25% 3.61 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 7 1 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.70 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 9 1 

% Precipitation 
25% 3.33 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 10 1 

YO Precipltatlon 
25% 3.12 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 11 I 

% Precipitation 
25% 2.56 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 inputs for Precipitation 

)M.c. Simulation 12 I 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulatlon 13 1 
% Precipitation 
25% 3.27 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 14 I 

% Precipitation 
25% 2.71 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 15 3 

% Precipitation 
25% 3.46 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Slmulatlon 16 I 

% Precipitation 
25% 3.92 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. simulation 17 I 

% Precipitation 
25% 4.39 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Simulation 18 I 

% Preclpitatlon 
25% 3.65 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 19 1 

% Precipitation 
25% 2.76 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 20 I 

% Precipitation 
25% 2.93 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

JM.c. ~imulation 21 1 

YO Precipitation 
25% 2.72 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 22 I 

% Precipitation 
25% 3.07 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Simulation 23 I 

% Precipitation 
25% 4.1 1 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

)M.c. Slmulatlon 24 I 

% Preclpitatlon 
25% 2.92 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 25 I 

70 Precipitation 
25% 3.19 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmuiatlon 26 I 

% Precipitation 
25% 3.03 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 27 I 

YO Precipitation 
25% 3.1 1 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 28 I 

% Precipitation 
25% 3.18 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

]M.c. Simulation 29 1 

% Precipitation 
25% 2.45 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 30 I 

% Precipitation 
25% 3.51 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 31 3 

% Precipitation. 
25% 4.02 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 32 I 

% Preclpltation 
25% 3.66 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

\M,c. Simulation 33 I 

% Precipitation 
25% 3.60 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Slmuiation 34 I 

% Precipitation 
25% 2.79 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 35 3 

YO Precipitation 
25% 3.17 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 36 1 

% Precipitation 
25% 4.41 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 37 I 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 38 1 

% Precipitation 
25% 3.37 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulatlon 39 I 

% Precipitation 
25% 3.55 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 40 I 

% Precipitation 
25% 3.26 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)MS. Simulation 41 I 

% Precipitation 
25% 3.56 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 42 I 
% Precipitation 

25% 3.47 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Simulation 43 1 

% Precipitation 
25% 3.52 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Simulation 44 I 
% Precipitation 

25% 3.70 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 45 I 

% Precipitation 
25% 3.41 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo ~d justed HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 46 I 

% Preclpltatlon 
25% 2.76 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 47 I 

% Precipitation 
25% 3.54 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.c. Simulation 49 1 

% Precipitation 
25% 3.48 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmuiatlon 50 1 

% Precipitation 
25% 3.04 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.c. Simulation 51 I 

% Precipitation 
25% 3.65 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Slmulatlon 52 1 

% Preclpltatlon 
25% 3.58 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 2.60 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 55 I 

% Precipitation 
25% 2.86 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 56 I 
% Precipitation 
25% 3.86 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 57 I 

YO Precipitation 
25% 3.57 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Slrnulatlon 58 I 

% Preclpltatlon 
25% 3.39 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 59 I 

% Precipitation 
25% 4.06 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 60 I 

% Precipitation 
25% 3.05 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 61 I 

% Precipitation 
25% 2.33 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

)M.c. Simulation 62 I 

% Precipitation 
25% 2.97 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 63 1 

% Precipitation 
25% 3.10 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 64 1 

% Preclpitatlon 
25% 4.28 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 65 I 

% Precipitation 
25% 2.77 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.C. Slmulatlon 66 I 

% Precipitation 
25% 2.62 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 67 1 

% Precipitation 
25% 3.02 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmuiation 68 I 

% Precipitation 
25% 3.64 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

M.C. Simulation 69 I 

Preciaitation 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

)M.c. Slmulatlon 70 I 

% Precipitation 
25% 3.03 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 71 1 

% Precipitation 
25% 2.89 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 72 I 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

JM.c. Simulation 73 I 

% Precipitation 
25% 3.47 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Preclpltatlon 
25% 3.09 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Slrnulation 75 I 

% Precipitation 
25% 3.57 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 4.64 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 77 I 

% Precipitation 
25% 3.06 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 78 I 

YO Preclpitatlon 
25% 3.35 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

~M.c. Simulation 79 I 

% Precipitation 
25% 4.49 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 80 I 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.c. Simulation 81 I 

% Precipitation 
25% 3.38 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 82 I 

% Precipitation 
25% 2.97 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

(M.c. Simulation 83 I 

% Precipitation 
25% 3.37 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 84 I 

% Precipitation 
25% 2.99 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.09 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Preclpltatlon 
25% 3.26 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 87 1 

% Precipitation 
25% 3.78 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 88 I 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for Precipitation 

)M.c. Slrnulation 89 I 

% Precipitation 
25% 2.92 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.21 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 91 1 

% Precipitation 
25% 4.58 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.69 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

M.C. Simulation 93 1 

% Precipitation 
25% 3.89 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Preclpltatlon 
25% 3.50 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

~M.C. Simulation 95 I 

% Precipitation 
25% 3.44 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

% Precipitation 
25% 3.16 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 97 I 

% Precipitation 
25% 3.82 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 98 I 

% Precipitation 
25% 3.70 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Simulation 99 I 

% Precipitation 
25% 3.26 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for Precipitation 

)M.c. Slmulatlon 100 I 

% Preclpltatlon 
25% 3.84 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

JM.c. simulation 100 I 

Basin Name XKSAT 
Basin S1 0.28 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S l  I 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin 51 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S26 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

M.C. Simulation 98 1 

Basin Name XKSAT 
Basin S1 0.29 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 96 1 

Basin Name XKSAT 
Basin S1 0.69 
Basin 52 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin 518 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 94 I 

Basin Name XKSAT 
Basin S1 0.1 5 
Basin 52 0.15 
Basin S3 0.15 
Basin S4 0.15 
Basin 55 0.15 
Basin S6 0.15 
Basin S7 0.15 
Basin S8 0.15 
Basin S9 0.15 
Basin S10 0.15 
Basin S11 0.15 

Basin S12E 0.15 
Basin S12W 0.15 
Basin S13 0.17 
Basin 514 0.16 
Basin S15 0.26 

Basin S16N 0.15 
Basin S16S 0.16 
Basin S17 0.22 
Basin S18 0.15 
Basin S19 0.15 
Basin S20 0.21 
Basin S21 0.15 
Basin S22 0.19 
Basin S23 0.22 
Basin S24 0.22 
Basin 525 0.15 
Basin S26 0.14 
Basin S27 0.16 
Basin S28 0.18 
Basin S29 0.18 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 93 I 

Basin Name XKSAT 
Basin S1 0.24 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 92 1 

Basin Name XKSAT 
Basin S1 0.18 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S1 4 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 90 I 

Basin Name XKSAT 
Basin S1 0.26 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin 522 
Basin S23 
Basin 524 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 88 I 

Basin Name XKSAT 
Basin S1 0.37 
Bas~n 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 86 I 

Basin Name XKSAT 
Basin S1 0.22 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

(M.c. Simulation 84 I 

Basin Name XKSAT 
Basin S1 1.48 
Basin 52 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin St 1 

Basin S12E 
Basin S12W 
Basin 513 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Slmulatlon 83 I 

Basin Name XKSAT 
Basin S1 0.19 
Basin S2 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin ST0 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin 524 
Basin 525 
Basin S26 
Basin 527 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 82 1 

Basin Name XKSAT 
Basin S1 0.75 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin 523 
Basin 524 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 80 I 

Basin Name XKSAT 
Basin S1 0.1 5 
Basin S2 
Basin 53 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin 51 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 79 I 

Basin Name XKSAT 
Basin S1 0.36 
Basin S2 
Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin Sf9 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 78 I 

Basin Name XKSAT 
Basin S1 0.17 
Basln S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin 525 
Basin 526 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 76 I 

Basin Name XKSAT 
Basin S1 1.07 
Basin 52 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 74 1 

Basin Name XKSAT 
Basin S1 2.17 
Basin S2 2.15 
Basin S3 1.82 
Basin 54 1.85 
Basin 55 2.28 
Basin S6 1.95 
Basin 57 1.75 
Basin S8 2.29 
Basin S9 2.06 
Basin S10 2.18 
Basin S11 1.73 

Basin S12E 2.18 
Basin S12W 2.19 
Basin 513 1.38 
Basin 514 1.74 
Basin S15 1.36 

Basin S16N 2.12 
Basin S16S 1.45 
Basin 517 1.30 
Basin S18 2.09 
Basin S19 1.78 
Basin S20 1.48 
Basin 521 1.64 
Basin S22 0.71 
Basin S23 1.30 
Basin S24 0.61 
Basin S25 1.19 
Basin 526 0.98 
Basin S27 1.22 
Basin S28 1.27 
Basin S29 1.38 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

M.C. Simulation 72 1 

Basin Name XKSAT 
Basin S1 0.29 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

(M.c. Simulation 70 1 

Basin Name XKSAT 
Basin S1 0.44 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S1 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

[M.c. Simulation 68 I 
Basin Name XKSAT 

Basin S1 0.13 
Basin S2 
Basin 53 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S1 3 
Basin 514 
Basin 51 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

~M.C. Simulation 66 I 

Basin Name XKSAT 
Basin S1 3.34 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

)M.c. Simulation 64 1 

Basin Name XKSAT 
Basin S1 0.63 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin 528 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 62 1 
Basin Name XKSAT 

Basin S1 0.14 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

[M.c. Simulation 60 I 

Basin Name XKSAT 
Basin S1 0.13 
Basin 52 
Basin 53 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin 523 
Basin 524 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Cario Adjusted HEC-I Inputs for XKSAT 

)M.c. Simulation 58 1 

Basin Name XKSAT 
Basin S1 0.23 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin 57  
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 56 I 

Basin Name XKSAT 
Basin S1 19.46 
Basin 52 19.20 
Basin 53 14.82 
Basin S4 15.15 
Basin 55 21 .OO 
Basin S6 16.42 
Basin S7 13.91 
Basin S8 21.17 
Basin S9 18.01 
Basin S10 19.56 
Basin S11 13.69 

Basin S12E 18.54 
Basin S12W 18.90 
Basin S13 8.30 
Basin 514 12.86 
Basin S15 5.02 

Basin S16N 18.70 
Basin S16S 9.68 
Basin S17 5.75 
Basin S18 18.35 
Basin S19 14.08 
Basin S20 7.15 
Basin S21 12.47 
Basin 522 2.71 
Basin 523 5.36 
Basin S24 1.72 
Basin S25 7.63 
Basin S26 5.92 
Basin S27 6.96 
Basin 528 4.94 
Basin 529 5.98 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 55 J 

Basin Name XKSAT 
Basin S1 3.20 
Basin 52 
Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S1 3 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

~M.C. Simulation 54 I 

Basin Name XKSAT 
Basin S1 0.14 
Bas~n S2 0.13 
Basin S3 0.13 
Basin S4 0.13 
Basin S5 0.14 
Basin S6 0.13 
Basin 57 0.13 
Basin S8 0.14 
Basin S9 0.13 
Basin Sf0 0.14 
Basin S11 0.13 

Basin S12E 0.14 
Basin S12W 0.14 
Basin S13 0.15 
Basin S14 0.14 
Basin S15 0.26 

Basin S16N 0.13 
Basin S16S 0.14 
Basin S17 0.20 
Basin S18 0.13 
Basin S19 0.13 
Basin S20 0.19 
Basin 521 0.13 
Basin S22 0.15 
Basin S23 0.20 
Basin S24 0.14 
Basin 525 0.13 
Basin S26 0.12 
Basin 527 0.14 
Basin S28 0.17 
Basin S29 0.16 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. ~imulation 52 I 

Basin Name XKSAT 
Basin S1 0.28 
Basin 52 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin 521 
Basin 522 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

)M.c. Simulation 50 I 

Basin Name XKSAT 
Basin S1 0.16 
Basin S2 
Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simuiatlon 49 1 

Basin Name XKSAT 
Basin S1 0.58 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S1 8 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

(M.c. Simulation 48 1 

Basin Name XKSAT 
Basin S1 2.69 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S16 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 46 1 

Basin Name XKSAT 
Basin S1 1.79 
Basin 52 
Basin 53 
Basin S4 
Basin 55 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 513 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 44 I 

Basin Name XKSAT 
Basin S1 9.99 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

)M.c. Simulation 42 1 

Basin Name XKSAT 
Basin S1 0.65 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin 518 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin 527 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 40 I 

Basin Name XKSAT 
Basin S1 0.16 
Basin S2 0.16 
Basin S3 0.16 
Basin S4 0.16 
Basin 55 0.16 
Basin S6 0.16 
Basin S7 0.16 
Basin S8 0.16 
Basin S9 0.16 
Basin S10 0.16 
Basin S11 0.16 

Basin S12E 0.17 
Basin S12W 0.17 
Basin S13 0.19 
Basin S14 0.17 
Basin S15 0.31 

Basin S16N 0.16 
Basin S16S 0.17 
Basin S17 0.25 
Basin S18 0.16 
Basin S19 0.16 
Basin S20 0.24 
Basin S21 0.16 
Basin S22 0.21 
Basin S23 0.25 
Basin S24 0.22 
Basin S25 0.16 
Basin S26 0.15 
Basin S27 0.18 
Basin S28 0.22 
Basin S29 0.21 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

Basin Name XKSAT 
Basin S1 0.62 
Basin S2 
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S1 3 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin 527 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 38 1 

Basin Name XKSAT 
Basin S1 0.85 
Basin S2 0.85 
Basin 53 0.77 
Basin S4 0.77 
Basin S5 0.88 
Basin S6 0.80 
Basin S7 0.75 
Basin S8 0.88 
Basin S9 0.83 

Basin S10 0.86 
Basin S11 0.74 

Basin SIZE 0.88 
Basin S12W 0.88 
Basin S13 0.70 
Basin S14 0.77 
Basin S15 0.88 

Basin S16N 0.84 
Basin S16S 0.69 
Basin 51 7 0.78 
Basin 51 8 0.84 
Basin 51 9 0.75 
Basin S20 0.82 
Basin 521 0.71 
Basin S22 0.33 
Basin 523 0.80 
Basin 524 0.27 
Basin S25 0.59 
Basin S26 0.49 
Basin S27 0.64 
Basin 528 0.79 
Basin S29 0.81 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

Basln Name XKSAT 
Basin S1 0.52 
Basin S2 0.52 
Basin 53 0.50 
Basin S4- 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

)M.c. Simulation 36 I 

Basin Name XKSAT 
Basin S1 0.18 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 35 I 

Basin Name XKSAT 
Basin S1 
Basin S2 

4 . 6 6 - 7  ~h N11s~ir-j~ :? 
4.63 

Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin 521 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-I Inputs for XKSAT 

~M.c. Simulation 34 I 

Basin Name XKSAT 
Basin S1 0.17 
Basin S2 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin ST5 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin 528 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.c. simulation 32 I 

Basin Name XKSAT 
Basin S1 4.29 
Basin S2 4.24 
Basin 53 3.42 
Basin S4 3.49 
Basin S5 4.57 
Basin S6 3.73 
Basin S7 3.25 
Basin S8 4.60 
Basin S9 4.02 

Basin S10 4.30 
Basin S11 3.21 

Basin S12E 4.14 
Basin S12W 4.20 
Basin S13 2.16 
Basin S14 3.07 
Basin S1 5 1.53 

Basin S16N 4.15 
Basin S16S 2.43 
Basin S17 1.66 
Basin S18 4.08 
Basin S19 3.28 
Basin 520 1.97 
Basin 521 2.96 
Basin 522 0.79 
Basin S23 1.57 
Basin S24 0.60 
Basin S25 1.99 
Basin 526 1.58 
Basin 527 1.87 
Basin S28 1.45 
Basin S29 1.69 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Slmulatlon 31 I 

Basin Name XKSAT 
Basin S1 0.21 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin St4 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin 524 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.c. Simulation 30 I 

Basin Name XKSAT 
Basin S1 0.15 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S1 8 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 29 I 

Basin Name XKSAT 
Basin S1 0.19 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 28 I 

Basin Name XKSAT 
Basin S1 0.20 
Basin S2 0.20 
Basin S3 0.19 
Basin S4 0.19 
Basin 55 0.20 
Basin S6 0.19 
Basin S7 0.19 
Basin S8 0.20 
Basin S9 0.19 
Basin S10 0.20 
Basin S11 0.19 

Basin S12E 0.20 
Basin S12W 0.20 
Basin 51 3 0.20 
Basin S14 0.20 
Basin S15 0.26 

Basin S16N 0.20 
Basin S16S 0.20 
Basin S17 0.23 
Basin S18 0.20 
Basin S19 0.19 
Basin S20 0.24 
Basin S21 0.19 
Basin S22 0.23 
Basin 523 0.23 
Basin S24 0.31 
Basin 525 0.19 
Basin S26 0.17 
Basin 527 0.19 
Basin S28 0.18 
Basin S29 0.19 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

(M.c. Simulation 26 1 

Basin Name XKSAT 
Basin S1 0.64 
Basin S2 0.64 
Basin S3 0.62 
Basin S4 0.62 
Basin S5 0.64 
Basin S6 0.63 
Basin 57 0.62 
Basin 56 0.64 
Basin S9 0.63 
Basin S10 0.64 
Basin S11 0.62 

Basin S12E 0.65 
Basin S12W 0.65 
Basin S13 0.63 
Bas~n 514 0.63 
Basin 515 0.73 

Basin SIGN 0.63 
Basin S16S 0.61 
Basin S17 0.68 
Basin S18 0.63 
Basin S19 0.62 
Basin S20 0.69 
Basin S21 0.61 
Basin S22 0.48 
Basin 523 0.68 
Basin S24 0.60 
Basin S25 0.59 
Basin S26 0.57 
Basin 527 0.61 
Basin S28 0.64 
Basin S29 0.65 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

Basin Name XKSAT 
Basin S1 0.16 
Basin S2 0.16 
Basin S3 0.16 
Basin S4 0.16 
Basin 55 0.16 
Basin S6 0.16 
Basin S7 0.16 
Basin S8 0.16 
Basin S9 0.16 
Basin S10 0.16 
Basin S11 0.16 

Basin S12E 0.17 
Basin S12W 0.17 
Basin 513 0.17 
Basin 514 0.17 
Basin 515 0.24 

Basin S16N 0.16 
Basin S16S 0.17 
Basin S17 0.21 
Basin S18 0.16 
Basin S19 0.16 
Basin S20 0.21 
Basin S21 0.16 
Basin S22 0.16 
Basin S23 0.20 
Basin S24 0.18 
Basin S25 0.16 
Basin S26 0.15 
Basin S27 0.17 
Basin S28 0.15 
Basin 529 0.16 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 24 I 

Basin Name XKSAT 
Basin S1 25.60 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 51 3 
Basin S14 
Basin 51 5 

Basin S16N 
Basin S16S 
Basin S17 
Basin 518 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin 528 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 23 I 

Basin Name XKSAT 
Basin S1 0.23 
Basin 52 
Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 22 I 

Basin Name XKSAT 
Basin S1 0.22 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin 51 3 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin 526 
Basin 527 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 inputs for XKSAT 

)M.c. Simulation 20 I 

Basin Name XKSAT 
Basin S1 0.14 
Basin 52 
Basin 53 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin 518 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Slmulatlon 19 I 

Basln Name XKSAT 
Basin S1 15.95 
Basin 52 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin 57 
Basin 58 
Basin S9 
Basin ST0 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin 514 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin 526 
Basin S27 
Basin S28 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 18 i 

Basin Name XKSAT 
Basin S1 0.20 
Basin 52 0.20 
Basin S3 
Basin 54 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin ST1 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin 524 
Basin S25 
Basin 526 
Basin S27 
Basin S28 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Slmulatlon 17 i 

Basin Name XKSAT 
Basin S1 0.21 
Basin S2 
Basin S3 
Basin 54 
Basin 55 
Basin S6 
Basin 57 
Basin 58 
Basin S9 

Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin S26 
Basin 527 
Basin 528 
Basin 529 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

(M.c. Simulation 16 I 

Basin Name XKSAT 
Basin S1 0.17 
Basin S2 0.1 7 
Basin 53 0.16 
Basin S4 0.16 
Basin S5 0.17 
Basin S6 0.16 
Basin S7 0.16 
Basin S8 0.17 
Basin S9 0.17 

Basin S10 0.17 
Basin S11 0.16 

Basin S12E 0.17 
Basin S12W 0.17 
Basin S13 0.18 
Basin 514 0.17 
Basin S15 0.26 

Basin S16N 0.17 
Basin S16S 0.17 
Basin S17 0.22 
Basin S18 0.17 
Basin S19 0.16 
Basin 520 0.22 
Basin S21 0.16 
Basin S22 0.15 
Basin S23 0.22 
Basin S24 0.13 
Basin 525 0.16 
Basin S26 0.14 
Basin S27 0.17 
Basin S28 0.17 
Basin S29 0.18 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 14 I 

Basin Name XKSAT 
Basin S1 0.79 
Basin 52 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S1 8 
Basin S19 
Basin $20 
Basin S21 
Basin S22 
Basin 523 
Basin 524 
Basin S25 
Basin S26 
Basin 527 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 12 1 

Basin Name XKSAT 
Basin S1 0.21 
Basin S2 0.21 
Basin S3 0.21 
Basin S4 0.21 
Basin 55 0.21 
Basin S6 0.21 
Basin S7 0.20 
Basin S8 0.21 
Basin S9 0.21 
Basin S10 0.21 
Basin S11 0.20 

Basin S12E 0.22 
Basin S12W 0.22 
Basin S13 0.21 
Basin 514 0.21 
Basin S15 0.26 

Basin S16N 0.21 
Basin S16S 0.20 
Basin S1 7 0.24 
Basin S18 0.21 
Basin S19 0.20 
Basin S20 0.24 
Basin S21 0.20 
Basin S22 0.19 
Basin S23 0.23 
Basin 524 0.18 
Basin S25 0.19 
Basin S26 0.18 
Basin S27 0.20 
Basin 528 0.17 
Basin S29 0.19 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 11 1 

Basin Name XKSAT 
Basin S1 0.89 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin 58 
Basin S9 
Basin S10 
Basin S11 

Basin SIZE 
Basin S12W 
Basin S13 
Basin S14 
Basin 515 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin 522 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin 528 
Basin S29 



FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 10 I 

Basin Name XKSAT 
Basin S1 0.21 
Basin 52  
Basin S3 
Basin S4 
Basin 55 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin 523 
Basin S24 
Basin S25 
Basin 526 
Basin S27 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

M.C. Simulation 8 1 

Basin Name XKSAT 
Basin S1 0.14 
Basin S2 
Basin 53 
Basin S4 
Basin S5 
Basin S6 
Basin 57 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S1 4 
Basin S15 

Basin S16N 
Basin S16S 
Basin S17 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

~M.C. Simulation 6 I 
Basin Name XKSAT 

Basin S1 0.18 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin Sf 0 
Basin S11 

Basin SIZE 
Basin S12W 
Basin 513 
Basin S14 
Basin S15 

Basin S16N 
Basin S16S 
Basin 517 
Basin S18 
Basin S19 
Basin 520 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin S25 
Basin S26 
Basin S27 
Basin S28 
Basin 529 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

)M.c. Simulation 4 I 

Basin Name XKSAT 
Basin S1 0.16 
Basin S2 
Basin S3 
Basin S4 
Basin S5 
Basin S6 
Basin S7 
Basin S8 
Basin S9 
Basin S10 
Basin S11 

Basin S12E 
Basin S12W 
Basin S13 
Basin S l 4  
Basin 515 

Basin S16N 
Basin S16S 
Basin S1 7 
Basin S18 
Basin S19 
Basin S20 
Basin S21 
Basin S22 
Basin S23 
Basin S24 
Basin 525 
Basin S26 
Basin S27 
Basin 528 
Basin S29 





FCDMC Uncertainty and Risk Analysis 
Monte Carlo Adjusted HEC-1 Inputs for XKSAT 

JM.c. simulation 2 I 

Basin Name XKSAT 
Basin S1 0.28 
Basin S2 0.28 
Basin 53 0.27 
Basin 54 0.27 
Basin S5 0.28 
Basin S6 0.28 
Basin 57 0.27 
Basin 58 0.28 
Basin S9 0.28 
Basin S10 0.28 
Basin S11 0.27 

Basin S12E 0.29 
Basin S12W 0.29 
Basin S13 0.30 
Basin S14 0.29 
Basin S15 0.40 

Basin S16N 0.28 
Basin S16S 0.28 
Basin S17 0.35 
Basin S18 0.28 
Basin S19 0.27 
Basin S20 0.35 
Basin S21 0.27 
Basin 522 0.30 
Basin S23 0.35 
Basin S24 0.28 
Basin 525 0.26 
Bas~n S26 0.25 
Basin S27 0.28 
Basin 528 0.32 
Basin S29 0.32 





OUTSTANDING COMMENTS 

The following comments by Bing ZhaolFCDMC were not addressed in this final report: 

References are not cited correctly 

The sentence "Simulation 1 numbers for each of the three parameters were input 
into the first HEC-1 file, and so on, up to the chosen number of repetition." was 
requested to be changed to "The simulated 100 sets of three parameters were input 
into HEC-1 input files to run HEC-1 100 times to obtain 100 peak flows and 
runoff volumes." 






