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ABSTRACT 

Hydrosim Mk 1.0 was developed as a graphical inter&ce for the United States Soil 

conservation Services' TR-55 watershed model to better examine the effects ofland UBe on 

n&10ff and peak discharge for both single and combined watenheds, real or hypothetical. 

The need for this was the result of a relatively recent increase in sedimeutatiun imo Lake 

Newport, located in Mill Creek Park, Y om,sstown, Ohio. It is believed tbat this increase 

in sedimeoaation is the result of an increase in rnnoff and discharge due to development 

within the Mill Creek watershed 

Hydrosim was used to model a hypothetical watershed to determine what chm acteJ istic 

of a watershed bas the greatest impact on nmoff and peak dischqe. From this model it 

was detennined that the soil composition of the watershed and the type aod location ofland 

use change can greatly affect the amount of nmoff and peak discharge. It was also 

determined that the impact of developmem can be reduced if the development takes place 

on soils oflow infiltration rates as opposed to those ofhigh infiltration rates and care is 

taken to locate the development within the watershed so as not to decrease the time of 

concentration. 

Finally, Hyck-osim was used to model Craobeny Rim, a portion of the Mill Creek 

watershed which discharges into Lake Newport, to determine the impact of present 

development compared to an assumed original land use of woods. The results of the 

modelling showed an increase in nm.off of over 95% and an increase in peak discharge of 

over 100%. 

iii 



listefllpres 

IJstefT..._ 

CHAPDR11atnadioa 

Table of Contents 

1.1.1 Purpose oftbis Study 

1.1.2 Hydrosim Mk. 1 

u Basic Saface w ... Bydnlegy 

CHAPTER 2 All Ov..,_ eltlle U.S. Sel 
COllllfflldela Stnice's TR-55 
WataaeiMNII 

2.2Desafptiea 

2.2.1 Runoff' 

2.2.2 Time of Coocemration and 
Travel Time 

2. 2.3 Tabular Hydroanph Method 

CHAPTER 3 Ovtniew ef the llytlna Mk. 1 
Watc:a• M ...... Systea 

3.1 ......... 

3.2 Desafptiea 

3.3 Bew te me Bydnsila 

3.3.1 Dabl.Prepantion 

3.3.2 U•ipg Hy<rosim 

3.3.3 Qmgring Land Use Files 

IX 

xv 

1 

1 

3 

3 

3 

4 

9 

9 

9 

9 

16 

17 

25 

25 

25 

27 

27 

31 

54 

iv 



4.tlldroadien 

4.2 w .... Area 

4.3»........CNs 

4.4 Tilae ef Cae......._ 

CHAPTER !5 Effcds ef By .. ulep: s• Gnap 
_.IAIIMIUse•Rlaeff 

S.t mD'Nlldi• 

5.2 Tile Watenlled 

S.3 Dew ·-. 'Rlaeff 

5.4 Remits 

5.5 Ceact:ri•• 

CHAPTER, Effects of Dev.,__ Oil 11lllle of 
c..,ctdnltiua, Peak Dlsclaaqe, and 
Time of Pak Disdlarge 

6.tlaa-Nlldioa 

6.3 Pak Disdlarge _. Tilae of Peak 
Disdllqe 

6.3. l Jmroduction 

6.3.2 Peak Discharge 

6.3.3 Time orPeak Discharge 

6.4 c ... ...,,. 

7.1 l:atreductien 

7.2 Tile Watlnlaed 

7.3 Rlmoff 

56 

56 

56 

59 

62 

67 

67 

67 

69 

69 

74 

75 

75 

75 

78 

78 

78 

82 

89 

95 

95 

95 

95 

V 



7.3. l Analysis ofRunoffData 

7.4 Peak Disdlarge ad T:ate ef Peak 
Disduqe 

7.4.1 Analysis ofModelliag Results 

7.5 C8lldlrl1• 

CHAPTER 8 Application of Hytlroslm Mk. 1 to a 
Portie• of tlae Mil Creek Watcnlaed 

l.1mD"NIICtiea 

8.2 R-.erMod ... 

8.2.1 Subwatershed SI 

8.2.2SubwatenhedS2 

8.2.3SubwatenhedS3 

8.2.4 Subwatenhed S4 

8.2.SSubwatenhedSS 

8.2.6 Direct Runoff Area A 

8.2. 7 Direct Runoff Area B 

8.2.8 Direct Ru:ioff Area C 

8.2.9 Direct Runoff Area D 

8.2.10 Direct Runoff Area E 

1.3 Coadmlem 

CHAPTER, Applicatioa ofHyuemaMk.1 to 
Detcnllae Tbae of Cwcatntiva 
for• Pertiea ef tile Mil Cnlk 
w ........ 

9.1~ 

9.2 Tiae of Coact11D'11tiea 

,.3 Remits 

9.3.1 SubwatenhedSl 

9.3.2SubwatershedS2 

95 

100 

107 

107 

109 

109 

111 

111 

111 

116 

116 

121 

121 

126 

126 

131 

131 

137 

139 

139 

139 

141 

141 

141 

vi 



9.3.3SubwatersbedS3 

9.3.4SubwatersbedS4 

9.3.5 Sd>wltenbed S5 

9.3.6 Direct Runoff Area A 

9.3. 7 Direct Runoff Area B 

9.3.8 Direct Runoff Area C 

9.3.9 ~Rllooff AreaD 

9.3.10 Direct Runoff Area E 

,.4 Ceech:ris• 

CHAPTER18 Applcadeaef:&ydnaMK.tte 
G••• Hy ......... for a Pertie• of 
tile MIi Creek Watasllal 

10.1 .... adlell 

10.2.1 Subwatenhed Sl 

10.2.2 Subwatenhed S2 

10.2.3 Subwatenbed S3 

10.2.4SubwatenbedS4 

10.2.5 Subwatershed S5 

10.2.6 DirectRnnoffAreaA 

10.2. 7 Direct Runoff Area B 

10.2.8 Direct Runoff Area C 

10.2.9 Direct Runoff AreaD 

10.2.10 DirectR.uooffAreaE 

18.3 Remits ef C0111pedte Hydngrapbs 

11 . .f C-•clllsleas 

. y 

141 

145 

145 

145 

145 

150 

150 

150 

154 

156 

1.56 

1.56 

1.56 

1.58 

1.58 

1.58 

162 

162 

162 

162 

167 

167 

170 

170 

TY 

vii 



CBAP11!R 11 Ceadriee'"' 

11.1 B,.._. Mk. 1 

11.2 Effectsof».v•..-•tlle:Ma 
er-w ...... 

APPJ!Nl)IX S..Ce Cede fer By.Ina Pn..-
Meales 

Sewce CNe fer BCllATE 111k. 1 

S....Ce CNe for SOILADD ak. 1 

Sewce C .. e fer LUSEADD .._ 1 

S..Ce CNe fer CNCALCPl ak. 1 

SHrce CMe for CNCALCP2 mk. 1 

S..-ce CNe fer CNCALCP3 mk. 1 

S....Ce CNe for Ron.._ t 

Searce Ce•e for TIMECON 111k. 1 

S..Ce C .. e for TABHYDRO 111k. 1 

SNrce C .. e fer SCSUNIT 111k. 1 

Snrce CNe fer COMPBY 111k. 1 

SHree Co4e for OSCRUN 111k. 1 

S..-Ce C .. e fw MKNU ak. 1 

175 

175 

175 

178 

179 

180 

188 

200 

211 

215 

218 

220 

227 

244 

251 

256 

264 

265 

viii 



List of Figures 

Figure 1.1: Locatioa ofLake Newport 

Figure 1.2: An Emnple of a Hycrogaph. 

Figure 2.1: Rainfilll VB. Rlmoft" Curves. 

Figure 2.2: Average Velocities for FAimating Travel Time 
for Shallow Concem.<t Flow. 

Figure 2.3: Approximate Geographic Boundaries for SCS 
Rainfilll DistribdiODB. 

Figure 3.1: lly(rosimProgramModules. 

Figure 3.2: Exaq>le ofWatenhed with Hectare Grid 

Figure 3.3: Digitized Files Required to Run Hydrosim. 

Figure 3.4: Input and Output Files for Program Module 
BCREATE. 

Figure 3 . .S: Example of a Watershed ''Blocked Out'' 
Using BCREA1E. 

Figure 3.6: Input and Output Files for Program Module 
SOilADD. 

Figure 3. 7: Iopa and Oulput Files for Program Module 
LUSEADD. 

Figure 3.8: Input and Output Files for Program Module 
CNCALCPl. 

Figure 3.9: Input md Output Files for Program Module 
CNCALCP2. 

Figg:e 3.10: Input aod Omput Files for Program Module 
CNCALCP3. 

Figure 3.11: Iopa and Output Files for Program Module 
ROFF. 

Figure 3.12: Runoff vs. Rain&ll Graph Produced by 
Program Module ROFF. 

Figure 3.13: Input and Output Files for Program Module 
TIMECON. 

2 

6 

10 

19 

22 

26 

29 

30 

32 

34 

35 

37 

41 

43 

45 

46 

48 

ix 



Fimn 3.14: Input and Output Files for Program Module 
TABHYDRO. 

Fi@III! 3.15: Input and Output Files for Program Module 
SCSUNIT. 

Yupn 4.1: Example Watershed used for Area Comparison. 

Fimn 4.2: Block Representation of:Enq>le Watershed 

Pipe 4.3: Soil Map of Example Watershed Showing 
Hydrologic Soil Oroups. 

Pipe 4.4: CNs for the :Ex:wq>le Watershed as Determined 
by Hycrosim. 

Fiaure .5.1: Hypodietical Watershed Used to Enmine Effects 
ofHydologic Soil Group and Land Use on Runoff: 

Fimre 5.2: Runoff for a 24-hour Rainfidl 'Ranging from O to 6 
Inches. (a) Hycnlogic Soil Oroup A 
(b) Hycrologic Soil ~ B. 

Figure 5.3: Runoff for a 24-hour Rainfidl Ranging from O to 6 
Inches. (a) Hydrologic Soil Group C. 
(b) Hydrologic Soil Oroup D. 

Fiaure 6.1: Time ofCooceolration for Each Land Use With 
Respect to C3rom:id Slope. 

Figare 6.2: (a) Peak Discbmge and (b) Time of Peak 
Discluqe as Determined by the Tabul.
Hydrograph Method 

Fip:e 6.3: Peak Disclmge for the Four Hydrologic Soil 
Oroups (a) Woods (b) Meadow. 

Figure 6.4: Peak Discharge for the Four Hydrologic Soil 
Oroups, with Land Use ofHomes. 

Figure 6 . .5: Peak Disclmge for the Four Land Uses 
( a) Hycrologic Soil Oroup A (b) Hydologic 
Soil Oroup B. 

Figure 6.6: Peak Diaclmge for the Four Land Uses 
(a) Hydrologic Soil Group C (b) Hydrologic 
Soil Oroup D. 

53 

55 

57 

58 

60 

61 

68 

70 

71 

77 

79 

80 

81 

83 

84 

X 



FifP!! 6. 7: Time of Peak Discharge for the Four 
Hydrologic Soil Groups (a) Woods 
(b)Meadow. 

Fipure 6.8: Tune of Peak Discharge for the Four 
Hydrologic Soil Groups, with Land Use 
ofHomes. 

Fim:e 6.9: Tune of Peak Disduqe for the Four Land 
U8es (a) Hydrologic Soil Group A 
(b) Hydrologic Soil Group B. 

Pipe 6.10: Time offeak Discharge for the Four Land 
Uses (a) Hydrologic Soil Group C 
(b) Hydrologic Soil Oroup D. 

Pipe 7.1: lfypoehetical Watershed used for Modelling. 

Yamn 7.2: RuooffResultmg fi"om a 24-hour Rain&ll Rmging 
fi"om Oto 6 Inches for Vaious AmOUllbl of 
Development. 

Fitp! 7.3: Runoffw. Percent Pavement for a4 Inch 
24-Hcu Rainfilll. 

Fipe 7.4: Map ofWatenrbed Showing Bloclcs 3, 6 
and 9 Developed. 

Fimre 7.5: Map ofWatenhed Showing Blocb 4, 5 
111d 6 Developed 

Fipe 7.6: Map ofWatenbed Showing Blocb l, 2 
and 3 Developed. 

Fimre 7. 7: Unit Hydroga apbs for the Various Development 
Configlntiom. 

Fimre 8.1: Map of the Mill Creek Watenbed Showing 
Portion Used for Modelling. 

Fipe 8.2: Map of Cranberry Run Watershed Showing 
SectiODS used for Modelling. 

Fipe 8.3: Soil Map ofSubwatenhed Sl. 

85 

86 

87 

88 

96 

98 

101 

102 

103 

104 

106 

110 

112 

113 

xi 



Pipe 8.4: RuaoftltesultiDs fi'om a 24-hour Rain&ll Ranging 
fi'om Oto 6 JncbeB for the 11ree Land Uses for 
SubwaenhedSl. 

Fip:e 8.5: Soil Map ofSubwatenbed S2. 

Fipe 8.6: Runoft'Resulting fi'om a 24-hour Rainfall Ranging 
fi'om Oto 6 Jncbes for the 11ne Laod Uses for 
SubwatenbedS2. 

Fip:e 8. 7: Soil Map ofSubwatenbed S3. 

Fip:e 8.8: Ruaoff'Resulting from a 24-hour Rainfall Ranging 
fi'om Oto 6 Inches for the Three Land Uses for 
SubwatenbedS3. 

Fipe 8.9: Soil Map ofSubwatershed S4. 

Fipe 8.10: RuooifResultingfi'om a24-hourRain&II Ranging 
from Oto 6 Inches for the Three Lmd Uses for 
SubwatenbedS4. 

Yigme 8.11: Soil Map ofSubwatershed S5. 

F'upre 8.12: Runoff'ResultiDgfi-om a24-bolrR.ainfall Rsmgiog 
fi'om O to 6 Jncbes for the Three Land Uses for 
Subwatenhed S5. 

Fipe 8.13: Soil Map ofDirect lbmoff' Area A 

Fipe 8.14: RunoifResulting fi-om a 24-hour Rainfall Ranging 
fi'om O to 6 Inches for the Three Land Uses for 
for Direct Runoif .Area A 

Fipe 8.1.5: Soil Map of Direct Ruaoif Area B. 

Fip:e 8.16: Ruooff'Resulting 1rom a 24-hour Rainfall .Ranging 
fi'om O to 6 Inches for the Three Land Uses for 
for Direct Ruooif Area B. 

Fimre 8.17: Soil Map ofDirectRmoif AreaC. 

Fimre 8.18: RunoifResulting :from a 24-hour Rain&ll Ranging 
fi'om O to 6 Inches for the Tiree Land Uses for 
for Direct Runoif Area C. 

Fimre 8.19: Soil Map ofDirectRunoif AreaD. 

114 

115 

117 

118 

119 

120 

122 

123 

124 

125 

127 

128 

129 

130 

132 

133 

xii 



Fipe 8.20: RunoffResultiug from a 24-hour Rain&ll Ranging 
from Oto 6 Inches for 1he Three Land Uses for 
for Direct Runoff' Area D. 

Fimre 8.21: Soil Map of Direct Runoff Area E. 

Fip:e 8.22: RmoffResultiug from a 24-hour Rain&ll Rsmging 
from O to 6 Inches for 1he 11ree Land Uses for 
for Direct Runoff Area E. 

Fipe 9.1: Map of1he Cranberry Run Watershed Showing 
Sec,tiom med for Time of Conceotratioa 
Determination. 

Fipe 9.2: Map ofSubwaterabed SI Showing Padi Used for 
Time of COOCedl ation Determination. 

Fipe 9.3: Map ofSubwatenhed S2 Showing Palla Used for 
Time of Concentration Determination. 

Figure 9.4: Map of Subwatenhed S3 Showing Palh Used for 
Time of Concentration Determination. 

Fimre 9.S: Map of Subwatenhed S4 Showing Padi Used for 
Time of Conceotration Determination. 

Figure 9.6: Map ofSubwatershed S5 Showing Path Used for 
Time of Concentration Determination. 

Fipe 9. 7: Map ofDirect Runoff Area A Showing Path Used 
for Time of Concentration Determination. 

Figure 9.8: Map ofDirect Runoff Area B Showing Path Used 
for Time of Concentration Determination. 

Figure 9.9: Map of Direct Runoff Area C Showing Path Used 
for Time of Concentration Detennination. 

Figure 9.10: Map ofDirectRuooff AreaD Showing Path Used 
for Time of Concentration Determination. 

Figure 9.11: Map ofDirect Runoff Area E Showing Path Used 
for Time of Concemration Determination. 

Figure 10.1: Tabular Hydrograpbs for Subwatershed SI. 

Figure 10.2: Tabular Hydrograpbs for Subwatershed S2. 

Fismre 10.3: Tabular Hydrographs for Subwatershed S3. 

134 

135 

136 

140 

142 

143 

144 

146 

147 

148 

149 

151 

152 

153 

157 

159 

160 

xiii 



Fimre 10.4: Tabul.- Hydrographs for Subwatershed S4. 

Fimre 10.S: Tabular Hydu>gt apbs for Subwatershed SS. 

Figure 10.6: Tabular Hydrograpbs for Direct Runoff Area A 

Fimre 10. 7: Tabular Hydrograpbs for Direct Rmoff AreaB. 

Fimre 10.8: Tabul.- Hydrographs for Direct Runoff Area C. 

Fimre 10.9: Tabul.- Hydrograpbs for Dired Runoff Area D. 

Fip:e 10.10: Tabul.- Hydrograpbs for Direct Runoff Area E. 

Fimre 10.11: Composite Hydrograpbs for the Craobeny Rm 
Waterabed. 

161 

163 

164 

165 

166 

168 

169 

171 

xiv 



List of Tables 

Table 2.1: Portion ofTable Used to Determine Curve Number. 

Table 2.2: Correctioos to Curve Numbers (CN) for Antecedent 
Moiabn ConditiODB. 

Table 2.3: Roughness Coefficiems (Maooing's n) for Sheet Flow. 

Table 2.4: Ia Valuse for Rmoff Curve Numbers. 

Table 2.5: Sample Tabul.- Hydn,g.4»h Table. 

Table 3.1: Land Use Numbers Uaed by Hychaim. 

Table 3.2: Mwwring', RouglmeBB Coefficiem for Land Use. 

Table 4.1: Soil Slope& Used by Hydrosim. 

Table 4.2: Result& ofTime of Coocednltion Comparison. 

Table 5.1: Reaulta ofRmoft"Calculations. 

Table 5.2: Analy&is ofRuoofi: 

Table 6.1: Modelled Times ofCoocemration for Land Uses 
with Various Ground Slopes. 

Table 6.2: Peak Discharge and Time of Peak Discharge. 

Table 7.1: Result& ofRunofI'ModelliDg. 

Table 7.2: Analysis ofRuooffResults. 

Table 7.3: Reaulta ofHydro8(11pb Modelling. 

Table 9.1: Times of Concentntion for the Cranberry Run 
Waterabed. 

Table 10.1: Result& of Individual Tabular Hydrograpbs. 

Table 10.2: Result& of Compo8ite Hychgtapb,. 

13 

14 

18 

21 

24 

38 

49 

63 

66 

72 

73 

76 

90 

97 

99 

105 

138 

155 

172 

173 

xv 



1.1 Backgrolmd 

CHAPTER1 

Introduction 

1 

In 1928 ~ admiDiantors of Mill Creek Pak, located in Youoptown, Ohio, decided 

to create Lake Newport, a recreational lake in the soudlem portion of the pale straddling 

the bouodarin ofBoardmm Township and the City ofY ouagstown (Figln 1.1) with an 

area of .-eater 1bm 100 am,s. To accomplish tbi1 a dam was constructed on Mill Creek, a 

moderately sized stream with a drainage area of apprnTiJQRtely 75 ...-,e miles. 

By the mid-l 970's it was noticed that recreational boating war being adversely affected 

in the BOuthemmostportion oftbe lake cue to an accumulation of sediment A study 

concmcted in 1975 determined that 74,000 cubic yards of sediment bad been deposited A 

later study conducted in 1987 determined that this volume bad iacreaed to 111,000 cubic 

yards (MRB, 1993). For the 47 year period between the creation ofLake Newport ia 1928 

aad the first study conducted in 1975, the average rate ofsedimentaion in the soutben.most 

portion oftbe lake was about 1,.570 cubic yards per year. This rate nearly doubled to 

3,083 cubic yards perye•forthe 12 yearperiodbetween 197.5 and 1987. 

It is believed that the massive iacreaae in aedimenlltion in Lake Newport corresponds 

with the development ofBoanlmm Townabip. Within the past 2.5 years there has been a 

steady increae in the IIIIIOld ofresidealial and coDDDercial developmem, J1D1Cb of which 

is located in the Mill Creek watmmed (MRB, 1993). 

The probltm oflake sedimentation is not llllique to Lake Newport. Sedimndation is a 

major concern in bodi reserviors aad mmnl lakes. parti~ubrly those with watenheds 

undergoing developmem. SedimeatatiOII • not only a nuseiace, but reduces reservior 

vohme, can have adverse effects OD wildlife, and no increae the stren OD dams 

(Plummer aodMcGeary, 1991). 



2 

Figure 1.1 : Location ofLake Newport. 



3 

1.1. l Pmpose of this Study 

'!be pmpose of this study was to determine the effectl of watershed developmem on 

strelllll disda8e. Stream discbage is ~ because the amouot of sediment 

tnmporwd by a llhllD is closely related to the disclmrge. :U-tbe discbqe iacreaes, the 

amoum of sodimeut transported will also increase (Bloom, 1978). This study involved an 

ilmstigatioo to determine the effect& of developmem on a watenhed by using a watershed 

modelling program written specifically for dais purpose. A hypothetical watershed was 

modelled to determine which properties of a watenbed affect discla'ge, bow development 

iDaeael disd&ge, 811d if there is any way that a watershed can be developed with a 

minimal increase in discbarBe. AJao, a portion of tm Mill Creek watershed was modelled 

to determine the effects of development. 

1.1.2 Hycrosim.Mk. 1 

Hydrosim Mk. (Marie) 1 was developed to provide an efficiem md easy W11!f to model 

bodi hypothetical and real waersheds. Hydroaim is a modification of the U.S. Soil 

Cooservation Services (SCS) Technical Reltue 55 (or TR.-55 as it is wually refered to) 

~d model. It provides a graphical imer&ce for data entry, better data 0tp1i7Jlti~ 

easy watershed modification, and some~ in methodology. Both TR-55 and 

Hycnsim will be discussed in detail in Iser chapters. 

1.2 Balk Saf'aceWatcrH,....,. 

1--lldJa 

It is felt that some di1CU1Bion of uface water hydrology should be presemed for 

readers that are mfwniliar with the subject and to clarify terminology used in later 

cbaptera. 



1.2.1 Stniam&, Watenbeds and their IDteractiOIIS 

A stream, by definition, is a body of wser coafined to a cbamel tbat flows downhill 

under die iDOwe of gravity toward same de,tilwtion such • ID ooe111, lake or anodler 

slrNDL A waerabed ii tm ana aflbe .-dis ..-face chined by a ltrnm (Plw and 

Mc(Jeay, 1991). What is of concern here is die interadioa of the Wllenhed with the 

stream, pwticularly how ~Lage• within die Wltenlbed affect strean flow. 

S.....llew 

4 

As meltiooed earlier, a ...... is a body of water flowmg in • dw••I. Water flowing 

ia a ...... m 1--91 is derived ram two MNacos, ,;urfaa runoff wl src,mdwater. 'Ihe 

w..- 11 llrNID recievn 1rom grouadwater is referred to as base flow wl i1 fairly coostaot 

IDCI pn,didable. It may Bhow sea&ODBI vaiatiOIII but is generally not afftcted by 

development llllen large quantities a-e removed by aballow well, (ViNBJMO, M. 

al.,1977). A remctioo in in6Jtntioo dae to development can also affect baseflow (Kha, 

1995). For the pmposea ofthi1 amdy, baseflow will be ig:aond 111d oaly •fse 111DOf( 

the Wiler' that floWB over the ground to th. stream will be comidered 

Raeff 

Not all aftbe precipitation that &lls on a watershed reaches the stream. Mach of it may 

be evaporated and absorbed by the watershed t!rougb various meobanisa IUCh as 

in&Jtntioa into the soil, absorption by plai&, interceptioo by the leave• af'treea. md 

...,.. in smfiace depressiOIII. 1bese mechanisms are collectively known as initial 

ab&trtletions 811d vary widely depending on die watea shed (VieNiMi. el al., 1977). 

Developmem of a watershed cbaages die initial absa idiOOB wbich could ei1her increase or 

l'edJCe the amount ofl'llllDOft: For e~le, if a piece of wooded grouod is cleared for a 

paved parlciog lot, the amouot ofruooJffrom that partiwl• piece of ground will incrtase, 



Id iftba ame piece of ground wa cleared for meadow, the amoaot of nmoff would be 

reduced. 

5 

n., precipitation that is aot taken up by initial abltradiOIIS will flow over the womd's 

.. r.e to dK, snam. When the soil becomes s...-.d and caonot ablorb my more 

precipitation, or wbeD the precipitation ii falling falter dal lhe soil cao absarb, it sblrts to 

build up. Ater a while it will at to flow dowdlill • a lheet over tt. around sur&ce. 

11JiB type of flow i1 lmowa as sheet flow (Pllmllllef and Mc<Jeay, 1991 ). After a 

1•wxm•wn di.lbloce of about 300 feet, die flow begim to comolidlte imo tiny cbaoela 

n,i,a ed to • allow concentrated flow (Oupta, 1'89). Collectively sheet Oow ad 

..Uow COlltMI aed Oow are mered to • overland Oow. When the nmoff reachel tbe 

. .ere., tile flow ii refered to • open cw•el flow (SCS, 1986). 

'Ibe discharge of a stream is the vol1DDe of water that flows past a given point in the 

llream damel in a certain interval of time. Discharge is usually expressed in terms of 

cubic feet per second (cfs) (Pluomer and McOeary, 1991). Discharge is i.mpmtam 

becauae, • memioned earlier, 111 increase in discha'ge can also inaease sediment 

lnmpc.t. If the discharge increw.s ten times, the amOld of sediment being tnmported 

may increase one bunchd to one thousand timet (Bloom, 1978). 

1be disclage of a stream can be represented graphically by a hydrograph. A 

hychsraph is siq,ly the discharge of a stream plotted against time. The hycrograph in 

F°lp'e 1.2 shows base flow as well as nmotI For the pll'pO&e of this study, a storm 

hycrcw aph showing only discharge due to runoff: called a direct runoffbydrograpb, will 

be used (Cq,ta, 1989). 
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peak])isclllqead TlllleefCeactm'lltiN 

A 11ycro8J11Pb can be broken into three sectiom, a rising limb, a crest and a recession 

limb. 1be rising limb shows the incrnse ia discharge as nmotfbegins to emer the stream. 

1be crest aboWB the peak or rmn:iDIPD ,ti1,charge of the stream. 1be peak discharge occurs 

when 111110ft"from all portiODB of the Wltenlbed coalribute to the streamflow at the poia of 

mewemem. 'lbe time of the peak discharge is related to the time of concentration. The 

time of conceub .-ion is the amoum of time required for 111DOff to travel from the 

bydnulically most distant point in the watershed to the outlet The recessiooal limb of the 

hyGogt aph ocClll'I when ruoo1f stops emeriug the stream. It is the result of the water that 

bal a••11Jsated ia the upper portion of the soil draining off into the stream (Oupm, 1989). 

llllpitude of discharge and the other is the time it takes to occur. The sreater the 

mpi1ude of the peak discharge, the weater the IIDOID of sedimem that CID be b 8D8purted 

'lbe time of the peak discharge is related to the time of coocemration. If the time of 

coacenlration ill reGJCed, the time of the peak discharge will Dllllllly be reduced (SCS, 

1986). 

Dwelopmem can alter peak discharge by inaeasiDg the 8IIICMD of nmotf and 

decreasiag the time of coacemntion. 'Ibis affect& the IIDOID of sedimem tramported ill the 

Ream ia the following waya. The reduction in the time of coocematioo is generally due 

to a cbalge in IUl"face cover, allowing the nmotfto attain a higher velocity and increasing 

i1I ability to erode and cany sediment 

~-w.----
'Ibe ability of a stream to cany sediment i1 depeodeat on its velocity and discharge. 

The velocity determines the largest size of sediment that c• be transported and the 

discla-ge determines the total amount of sediment that can be b maported A stream will 

begin to deposit sediment if either the velocity, diachage, or both are redaced. In the case 
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ofaalrelm emaiug a lab orreservior, the velocity oftm strnm, for all practiAII 

~ reduces to zero. 1be sedimem canied into a lab by a Blream will begin to settle 

cd oftbe water md accumulate OD dae boUom of the lab. Over a period of time, tllis 



CHAPTER2 

An Overview of the U.S. Sol Conservation Service's TR-55 
Watenhed Model 

Z.1~ 

The Hymosim Mk. 1 model dffeloped for this Bludy is a modification of tho U.S. Soil 

9 

cOlllel'Vllliaa Serviae'11 'Ill-55 •• med model Therefore an overview oftbe tt.ary ad 

.medlodl behind TR.-55 ii Jlke•ary. 

UDesafllda 
TR-55 i1 abort for Technical Release 55 which wa1 :fint rele11ed by the U.S. Soil 

COlll8Mlbon Service (SCS) in 1975. TR-55 was dovelopod • a simplified medlod to 

calcula&e ruoofl; peak nu of di•claqe, hymogaipbs, ad stonp volumn for flood waer

_.. reaervion (SCS, 1986). 

2.2.1 RggoJf 

TR- 55 clefermines ruooff1111ins the SCS Rmo1fCmve Number method This meCbod 

involve& the use of nperimea&ally derived rain&ll VI. nmo1f cmws (Figln 2.1). In order 

to determine which cmve to me for a parti~- waerab.ed, the hydrologic 10il sroup, lad 

COWi', b'Nliiem, IDcl pre&torm moillbre coaditiODS IIIIBt be mowD (Olpta, 1989). 

IIYfflle&kSellGnllf 
The SCS bas claBified soil, imo fa. hydrologic soil sroups labelled~ B, C, 111d D. 

The grouping i• baaed on a •oil's minin110 •* of iafiltntion after a prolonged weUiDg. 

Soil• belongi,w to Croup A have the hisbest nte of infiltration IDd Group D the lowest 

(SCS, 1986). A descriptioo of each goop is as follOWB: 
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gng, A;_ (hop A aoils are 1Wically 1811d, gravel, loamy awls aod l8Ddy IO&IDI that are 
deep IIDCl well drained They have a rninimD i.nfiltntion nte of 0.3 to 0.45 inhes per hour 

ca.a, 1919). 

grpa, B: (nap B soils are umally aih l011118 and sand IOBIDI that .-e deep to modenuly 
deep. 1bese aoils have a miqinpn udiltraioa rate of 0.15 to 0.30 inc:hes per ham- and are 
moclenoly well chined (Oupta, 1989). 

~ C: <nup C soil• are predominately IIIDdy clay loama. Theae aoils poenlly have 
a 1.,.- of fine lllllleria1 that impediel 1be doWIIWll'd movement of w..- giving a minimum 
ill&ltnliaa rm af O.OS to O. lS incbea per hour (Gupta, 1919). 

Chg, D; Chap D soils .-e clay lOIIIIB, silty clay loama, B8Ddy clays, ailty claya, and 
clllJ. 1bese •oil• have a very low mininpn infiltration rate of0 to 0.05 inches per bom'. 
CJeaenlly 1be&e 1uil1 haw a lligb water- table of clay layer at or near the smface (Gupta, 
1989). 

To determine bydrologic 10il ,,-oup, 111 SCS soil map of the area ia needed. TR-55 

provide& a lilting of soil aamn 111d the 8fOUP to which the soil beloass. 

Ceva-Type 

'lbe SCS llas idemified 49 differem cover types. These include open are• such 88 

pab, paabnl, meadows, varioUB cropl111~ woods, aod urban areas audl as incbdrial 

111d residedial (SCS, 1989). Land cover c111 be determined by inlpection, aerial 

pbotograpbl or map data. 

TtMaat 

Treamw.a applies primarily to agricultlnl pradice1. It includes neh items 88 cOdDllr 

plowing, crop rotation, no tillage filrmin& •· TrNIJled is nat a factor for non

asricul1ural watersheds (SCS, 1986). 

liymloglc<'wMhn 

The hychlogic coaditioa refer& to the effect& of cover type and treatmem oa 111DOff for a 

particubr soil pup. Good hydro logic condition me8ll8 that the potemial for nmoff is low. 



Fair iDdieltN a aaodelate nnoff potedial and poor indicates a bi8h nmoff potedial. 

Padon ..ct to ck,termine hydrologic condition include the density of pha cover, the 

iiiiiClld of year-round cover, ad the dewee of..-faee rcM..,. .. (SCS, 1986). 

~CllrveH •• 

Once the bydrologic soil group, cover type, treatment and hydr-ologic condition for an 

area are determined, a table is used to dotermine the CID'Ve DJlllber (CN). Table 2.1 is a 

portion oftbe table that is used 

If the area being modelled comaiDs more than one hycrologic soil group or cover type 

the area la to be brocken up imo sepems and CNs determined for each 1Je81D• The 

compoaite CN for the .-• a whole is an area-weighted average of the Be8IJlt'd CNs 

(SCS, 1986). 

Aatec•mt Melltare CenlldM Adjllltaalt 

'lbe antecedent moiltln condition is the condition of the soil with respect to 1'11DOfi' 

before precipitation. 'lbere are three catagoriea of IIJtecedeot moisture condition. The 

fint is camgory I in which the soil is dry but not to the wilting poim. Camgory n 

npresem average soil moisture conditiOD1. Catagory Il represents soils that are already 

sabnted (Vieamaon, et al., 1977). 

It is md that the CN is determined under catagoly n conditiODB. If the amecedent 

moi&tlre condition is catagory I or DI, the CN must be adjusted (SCS, 1986). Table 2.2 

gives corrediODB for several CNs. 

c..,..,_ efRaeff 

Runoff is calculated using the SCS ruoofl' equation: 

Q = (P - IJ2 ! ((P- IJ + S) Eq. 2.1 

12 



Table 2.1 : Portion of Table used to Determine Curve Nmnber (SCS, 1986). 

C O\'tr description 

Co\·er type and hydrologic: condition 

Flfll ,1/ dutlop,d 11rl>n,1 nr,-n.11 t1·t .ortaticm ('.'11tc,blishf'dJ 

Open sµace <lawns. park$. J.,rt>lf cour::.es. L-emeterie:: . 
ett.l': 

Poor cunclition 1~:- i."O,·er < ~ l . . . . . . 
Fair L"tindition urr-.1...: :- c..-o,·er :iYi tu 'jjt:; 1. 

Goo<I t..-ondition 11,.."rJ..'.:- c.'O\"t'r > 75~) 
I mpen·iou:- ..Lrl!a:.: 

P:wed parkins: lot:-. l'\K1f:: . drh·eway:- . t'tc. 
lexdudinl? ri,crht -of-wa~·, . . ............ . 

Street:: and road~: 
P:wed:: curh~ .iml :-tnnn ~Wt'N- lt'Xdudinl.!' 

ri,crht-of-way / .... . ....... . ......... . 
Pa,·ed: o,wn ditche:- tincluciin~ ri(!'ht-of-w:n · 1 
Gr:1xel (i~cludinc ril.!'ht~i-wa,· 1 · • 

Dirt 1inclu<ling ri!,!'ht-oi-,,·~y, · . ....... . 
Western desen urban area.": 

~atur:tl d~t'M. lancl"(':.1pinl,! lpt-n·iou:- :.u"t'a.:- only r' ... 
Artificial de~rt lancl$Capin~ tim~r"\·iou!- weed 

barrier. cl~~rt .::hn.zb ,,ith l· tu :!-inch :,;,:incl 
or ~'T':l \"~I mulch :incl ha..:in r'M,rdcn:1. 

l'rban district:.: 
Commt:'rcial :md bu.:-int:>.::::i .......... . .. . . . . . 
Industrial ........... . .. . . . . . ... . . . ..... . . . . 

R..-sir.lemtial ili.::triet .:- hy a,·er.lJ{t:' 1,n .:-izt:>: 
JI~ acre ur l1t:-:: (town hou~.::,. . . . ........ •••. .. . 
l/-1 acre . . .. . .. . . . . . 
l/3 acre .... . . . . ...... . .•.. 
l.".! :u:re 
1 .,ere ... .. 
:! acre.:-

Ckt'f'lop i11g 11rl,a11 ur,'ll,'l 

~ewly j?r •. ult!'<I area.,; lper\" io us a~a..: only. 
no ,•ej.!etation~ .. ....... . . . . . ... . . 

Idle l.nd:.- 1c>,;·~ are cletennined u..:in,::- to\"er type:.
~imilar to those in table 2-2c:J. 

1.1.,·~~ runoCf cundition. and l:. • 11..:!S. 

..\,·er~e ~rcent 
impt>rviou:s areat A 

98 
S:l 
7fi -., 

lil 

7i 

Cun·t- numbt-n- for 
hydrolo,:ric: ~ii ~'TOup-

B C D 

~The an~r-.a.1,,."l' 1wn.'l'nl 1mJ~r'\·iu1,1. .. ou'l•a :-tk•wn ""-'-" u~I lu 1h.•••ck)t.J ~ \.'Ufflp(>Nlt' c;:-;·s. Otht'r 11--.t'lumpuon., ;.u•~ ;&." follmt.·,i.: 1m1>t'n."N111,- w.n•;,,. 
an• tlin.-ctlr l'IJIU\4,."'l.'t l'11 tu lht.- 1h-.t.i1~c :lf :ltt'm. 1mpl"n.· i11u.,; .l.lY".L" N,11,·~ .& <.:X uf ~ - :&nd 1wr'\0 k.lU:- .uY""U .&rY lvn."l<k-""11 ~1111\·alt.•nt tu "!Jt'n 
:-p;u,.. in J!tN.NI h~·iln,101.•M: lvrulitiun. c~·:- rur other l'Umbmauun., uf ",indiwna m.i.r ht- a.,mput~I ~nt: 1icun- :!-:t ,.,. :!_. , 
3<..'X',i. i-huwn an• t'l'Juh·alt"nl t1, thoM" n( , ,..,. .. tun•. Cum1-,,i1tc c:-; ·:- rn:ar ht- lvmpulA!'d fur c.,c.tw,r cvmb1rwuun1' ol UV"n i-fi..c." l,,n•r l.'1""· 
.....-um~ite c~ ·:o: fur n:.nur-.al 1~n. lo,111h-c-..iµin,: :o:huuld lw l"Ufflf)Ul4:'fl UlQng r~ t.J ur 24 ~I on ~ tmptt'\·inu.-r. .in_.-_. pi.•rn-ni.;u:t' 1l."'.'\ 
• ~I :wl the tM."rnuu..'- :,n. .. ,. l.'X . Tot- J~r"\· toU$ art-' C!'\'$ ""' :.au~ ~W\'!Umt w Ut"l!len. llhnab in puur hy drolUL."tC: amdiuun. 

){;ompu~ih.• c~·:,: tu UA" fur the 1k.>,;um uf trmpur-,u·y fflf'".t."Cl,I~ d urin,: a.."nlllini: Mncl cun.<1truction 11houhl ht" wm1•Ult'd u..,,;mi: li\.'Ul'c ::-:~ " r :! -~. 
ba."t:'fl on lhl• 1le,:n.~ of ,le,·t'lopffll:'nl (ifflf)t.'r"\0iou..-r. ;,1.l'Y:.& pt'tttft~t'J ...net lht' c~·:- fur lhl' n~\11,·Jy .i,-.uw<I )K.'r'\' IUU.." an'"'-"· 

13 



Table 2.2: Corrections to Curve Numbers (CN) for Antecedent Moisture Conditions 
( Gupta, 1987). 

Curve Corresponding 
Number Curve Number 

for for Condition: 
Condition 

II III 

JOO 100 100 
95 87 99 
90 78 98 
85 70 97 
80 63 94 

75 57 91 
65 45 83 
60 40 79 
55 35 75 
50 31 70 

45 27 65 
40 23 60 
35 19 55 
30 15 50 
25 12 45 

20 9 39 
15 7 33 
10 4 26 
5 2 17 
0 0 0 

14 



where 
Q = nmoff (in.) 
P = rainfilll (in.) 
S = potem:ial 1111m1111wn retention after runofrbegins (in.) 
Ia= initial abstractions (in.) 

1be initial abstraction term can be replaced by: 

J.=0.2 S F.q. 2.2 

15 

Thia is an empirical relatiombip dlll waa developed 1brousb the study of several small 

agricultural watersheds and is applicable only when P > Ia- All CNs were calculated usiDg 

this relatiODlbip. If another relltiombip were to be med, all CNs would have to be 

recalculaled (SCS, 1986). 

Subatitmiug F.q. 2.2 ido F.q. 2.1 gives: 

Q = (P - 0.2 S)2 / (P + 0.8 S) F.q.2.3 

S is relaled to the soil and cover conditiom of the watenbed tlrough the CN. S can be 

determined from: 

S=(lOOO/CN)-10 F.q. 2.4 

Once S ia determined, F.q. 2.3 can be solved to give nmofrfor any precipitation 

P, > 0.25. 



II Matier 

There are some limitatiom to the SCS c.-vti ••• •ffl method. The medaod was not 

desipd to model nmofrfrom historical lltorm eWDb1 becauae only the ai<>ID of rainfall 

16 

is 111ed, there are no provisiom for intensity and duralioo. 'Ibenfore the results will vary 

from that of Bil actual storm. Alao, nmoff from mow melt or runoff on frozen gromd cmmot 

be calculated using this method (SCS, 1986). 

Probably 1he laqest limitatiQD is 1be relatiOllllhip defined iD F.q. 2.2. Becmle this 

relatiOlllhip was developed from obaervaiom of small 88ricul1ural waenhed&, it does not 

11b in accoum coaditiOlll for lllbara • ...._ 'lllis may lead to retemioa values that are 

,eater" or lower tbm adual conditiom (SCS, 1986). 

2.2.2 Tune ofCODWdlatiua and Travel Time 

1be time of COIK;edl atiun is the 8 •IIOID of time required for runoff to travel from the 

bychulically most dutw:t poim of the watmibed to the outlet 1\'avel time is the time it 

takes nmoffto travel ti-om one point in the drainage basin to anodier. 11l-5.S calculates the 

time of i;OiiCedl •• 111mg ._ SCS Segmem Approach. Thia mellod determines tbe time 

of concemation from the 8111D oftbe travel times for sheet flow, lhallow QCJIICelllraled flow, 

and open cbanoel flow (SCS, 1916). 

Slleetllew 

TR.-55 uses Mwmings Kinematic Solati011 to calculate the travel time for meet flow: 

Tt = ( 0.007 (n L)0·8] / [(P2)0.S 8 o.4] Eq. 2.S 

where 
Tt =travel time (Ir.) 
n = Mmning'a rougbness coefficient 
L = flow leoglh (ft.) (300 ft muinm) 



P2 = 2-year 24-hourraiufilll (in.) 

s = gromd slope (ft./ft.) 

Table 2.3 aivel valuell for n for aevenl type& of wf&. 

Sle •,wcw ........ n... 
1be travel time for llballow CCJlk;idl tad flow ii, determined by: 

where 
Tt = travel time (br.) 

L = flow lellllh (ft.) 
V = aven1F velocity (ft/1) 
3600 = coavenicm fKt« fi-om secondl to hOln 

The avenge velocity can be determined &om Figure 2.2. 

O,..Cll'""'-

F.q. 2.6 

lbe travel time for apeu chwwl flow ia cletermiDed ram M-.iall's equaticm: 

V = (1.49 r213 1111) / D 

where 
V = average velocity (1t/a) 
r = bychulic radius (I.) 
s == clamel •lope (il/1.) 

Eq. 2.7 

n = )l..,ings rousbne• coefficient for open chamel flow 

After Via determined, F.q. 2.6 ia med to cWennine trawl time. 

2.2.3 Tabalar Hycnnpb Method 

17 

1he SCS Tabular Hychgr aph Method i1 a procedare to generate realilllic aymhetic 

hycrognpba. The me1bod ia useml for modelling 1he etledB of chmlges wi1hin a waenhed 
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Table 2.3: Roughness Coefficients (Manning's n) for Sheet Flow (SCS, 1986). 

Surface description n 1 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) ... .. . .... . ....... ... . .. . ... ..... ~. 0.011 

Fallow (no residue) . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05 

Cultivated soils: 
Residue cover ~ 20% . . . . . . . . . . . . . . . . . . . . . . 0.06 
Residue cover > 20% . . . . .. .. . .. . .. . . . . . . . . 0.17 

Grass: 
Short grass prairie .. .. . . .. . .. .. .. .. . .. . .. . 0.15 
Dense grasses2 • • • • • • • • • • • • • • • • • • • . • • • • • • • • 0.24 
Bermudagrass............. .............. .. 0.41 

Range (natural) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.13 

Woods:3 

Light underbrush. . . . . . . . . . . . . . . . . . . . . . . . . . 0.40 
Dense underbrush . . . . . . . . . . . . . . . . . . . . . . . . . 0.80 
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Figure 2.2: Average Velocities for Estimating Travel Time for Shallow Concentrated 
Flow (SCS, 1986). 
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and C8ll be 111ed for sinsle or eombined watenbt,ds. To .., tbi• method, the CN, 24 botr 

rainfilll dimibution, nmoB; the initial abltl aetiua to rain&II ratio, the time of 

concemratioo, aod the travel time downstream oftbe outlet JDJBt all be known (Oupta, 

1989). 

lllllal Altstndlo• to Preclplt._ Rada ((JP) 

The 1/P ratio ia determined by dividing 1he initial abatraction con-eapooding to the 

watenhed CN by the 24-hour rainfall (SCS, 1986). Table 2.4 givea vahtea ofla f• 

diffend CNs. 

:a•'•~ 
The SCS has developed fom- aymbetic 24-holr rainlall dittnlJUt:iom for the United 

20 

Sates. 11aese dildribmiODB are based on rainfall dlration 111d fi'equency data provided by 

the Nati01181 Weadaer Service. The Type I distribmion is for Alaska and Hawaii. Portiom 

of California west of the Sierra Nevada Moamim and portiODB ofNothem California. 

Oregon md WMbi,._ west oftbe Cascade Monntaios have raimall dildribmioo Type IA 

A Type m raiafidl diltribdion i• med for the Gulf coat al the Atlamic Coat fi-am 

Marylaod to Maine. The rest of the United States is oomiclered to have a Type Il raimall 

distribution (Gupta, 1989). Figure 2.3 is a map ofdaese distriluiOOB. 

Tl'IIYII TIile DeWIIID •- ef tlle Slllt.-ea te Ollt1et 

1be Tabul.-Hydrograph Method can be used to generate ~osite hydrosnPbs fc,r 

cambinecl watersbeds. In order to accoq,lish this, the travel time fi-am h, subwatenlled 

to the outlet DDt be detennined Thu can be done llliag F.q. 2. 7. In 1be case of a 1ingle 

watenbed, the travel time is COlllidered to be zero (SCS, 1986). 



21 
Table 2.4: Ia Values for Runoff Curve Nmnbers (SCS,1986). 

Curve Ia Curve Ia 
number (in) number (in) 

40 3.000 70 0.857 
41 2.878 71 0.817 
42 2.762 72 0.778 
43 2.651 73 0.740 
44 2.545 74 0.703 
45 2.444 75 0.667 
46 2.348 76 0.632 
47 2.255 77 0.597 
48 2.167 78 0.564 
49 2.082 79 0.532 
50 2.000 80 0.500 
51 1.922 81 0.469 
52 1.846 82 0.439 
53 1.774 83 0.410 
54 1.704 84 0.381 
55 1.636 85 0.353 
56 1.571 86 0.326 
57 1.509 87 0.299 
58 1.448 88 0.273 
59 1.390 89 0.247 
60 1.333 90 0.222 
61 1.279 91 0.198 
62 1.226 92 0.174 
63 1.175 93 0.151 
64 1.125 94 0.128 
65 1.077 95 0.105 
66 1.030 96 0.083 
67 0.985 97 0.062 
68 0.941 98 0.041 
69 0.899 
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Figure 2.3: Approximate Geographic Bo1D1daries for SCS Rainfall Distributions 
(SCS, 1986). 
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o ....... a,. .. ,t 
The Tabul.- Hychgnph Medlod is so oaned becaJBe it usea table1 of synlbetic UDit 

~- The tint step in c:reatiag a hychgnph is to locate the correct table to use. 

1bis cm be done by fint 111ing the tables for tbe raiafall dildnluion oflbe area being 

modelled. For emq,le, iftbe ._ being modelled i1 located in Ohio, the table• for the 

Type n raimll distnbdion would be used. Next the time of conceall'ltion IDd IJP ratio 

are used to sellect abydrosnpb table. For .....,1,, Table 2.5 abowB die taballr 

23 

hyckcw apll daaa tllat would be med for a Type ll raiafidl distribution, a time of 

conceolration of 0.5 hr, and m 1/P ratio of0.30. The rows on the table are selected using 

the travel time. In the case of a single water&bed where the travel time would be zero, the 

first row would be 111ed to generate the byaogiaph using: 

F.q. 2-8 

where 
q = hychgrapb coordinale ( cfs) at hychgraph time t 
Cit= tabul.- hychgnph tmit disdulrge fi-om table ( c&/mi2 in) 
Ant= area of watershed or subwatenhed (mil) 
Q = nmoft"(in.) 

The Tabular Hy<roanph Method does have some limitations that can lead to emn in 

the hychgraph. One of these limitatioos is that not all time of cooceolnltion and travel time 

value& are given. This makes it necesnry to round to the nearest value presemed in the 

appropriate hydrowaph table. The second limitation i11 dai not all la/P values are given, 

making roonding uecessary. This cm result in slilbt to large errors in the masnitude and 

timing of the peak disclage depending on the IIDOlD of rf'IJDding (SCS, 1986). 
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Table 2.5: Sample Tabular Hydrograph Ordinate Table used for SCS Tabular Hydrograph 
Method (SCS, 1986). 
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CHAPTERJ 

Overview of the Hydrosim Mk. 1 Watershed Modeang System 

3.1 hluMlldlell 

Hyck-osim wa developed to provide a more efliciem and e•ier way to model llllltiple 

land me clBlgel wi1hin a Wltenbed. It is a coq,ter program baaed OD the SCS TR-55 

model described in the previoas chapter. 

The TR-55 model is very time CODIIJIIDD8 to me. Much of the time is ape.- looking 

items up in tables and reading mmbers ofr of charts. All calculatiODB are made by bmd 

and any byehgl apbs have to be pl~ ounwl1y. The aoftware developed by the SCS for 

TR.-5.S lmdles some of the calculaiom and saves some time, bat the proceas is still n6er 

HycrOlim Mk. I, or jUBt Hydrosim as it will be referred to fi-om now OD, simplifies the 

modelling process by eliminating the need to look through tables or makf" BHPWJ 

caJcullliODB. After the initial data such • soil and land me are entered, rmofl: time of 

concem mun and bycrographa can be calculated in a matter of abed five mimes. 

Hydrotim U1eS a graphical imerface to allow the 111er to see the watenhed being modelled 

OD a compmer monitor. Runoff' graphs and bycrogr apbs can be plotted OD the screen and 

primed 

Hyck-osim was written in Microsoft Quick BASIC and bas a IDOGdar strucbre. All 

files generated are written in an ASCII fonmt so they can be iq,orted into other prognms 

or edited if the need arises. 

3.2 Dcsm,U• 

Hyck-osun uses seven progran momiles to perform the modelling procest (Figare 3.1 ). 

MOGJle MENU is the main mem and control center for the system. After each mocmle 



HYDROSINI !\ilk. 1 
Program rvrodules 

BCREATE 

SOIL .. .\DD 

LUSE .. -IDD 

I C.'NCALC 

I ROFF 

I TIMECON I 
fABHYDR9 

SCSlTNTI 

Delineates watershed. for modelling. 

Allows user tc, add soil data int,::i m•del 

.Alk-ws user to add or change land use 
data for model. 

Automatically detemw1es CN:; for model 

Calcular.es runoff for model. 

TJ sed to determine the tirne c,f cone entr atic.m 

for the model 

Generates tabular hydrograplu for the r:: odel. 

:FlgU[e 3.1: llydrosim program modules . 
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executes, the user will be MDioed to the main mm1. BCREATE is used fer delineating the 

waer&bed tbat is to be mock,lled. Soil dala is added to the model in the SOJLADD 

module. LUSEADD is med for edering llllld me dala and CNCALC lldornlti~ly 

determines carve Dulllben (CNs) for the wanhed. Runoff' calculatiODB an performed by 

ROFF met time of coaeemation ii determined by TJMECON. Tabul.- hydrognplls an 

calculated by TABHYDR.O. In addition to lie main~ tllere an mOUB mi)ity 

mocmles 1bat allow the user to lllllltiple by~C)8l- md view CN, slope 111d 111D01f dllla. 

1be baic principle bebiod Hydrosim is 1bat a watenbed can be vimaliz.ed • m 

anmgemem of one hectare blocb. A heda e W8I chooaen because it was felt to be the 

moat practical sm to 1118. A 1q111n mile iB muda too 1-. for a amall watershed and a 

block ofl0,000 scpn feet would be too IIDBII. Soil 111d land me data an eatered for 

eadi indivicml block. CNs 111d rNUlting 111DOB° dala an calculated for eacla block 'Ibis 

allowt the user to idemify blodar that could comain m-on or those tbat cCIIIDl"bute 8fNtly 

to total nmoJ[ 1be block approach mabt land use changes nsier to ioveatit,lte because 

oaly selected blodm have to be changed. Comp.-isoas oftbe efteds ofland uae change 

cm be aale ao a block by block bail. 

J.3 Hew te meB~ 

1be pmpoae ofthil aection is not to be a ~fl uun,aJ fa. ope1 ltiua of the software. 

Radler, it is imended as m overview of the data pcepaltioa required before the model cm 

be Uled, the filnction of each main program module, aod am,qv;.,.. med ia the model. 

3.3.1 DamPrep.-atiao 

Maps 

AB wi1h Tll-55, the UBer will need a topo&s11pbie map, soil map aod Imel 111e data fer 

the W1lh48bed being mock,lled. Because Hycrosim views tile waterabed • a. •• qemeot 
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ofhedlre blocb, a hedll e grid of the same scale as the maps amt be superin.,osed oa 

diem. In this sbJdy this was accaa.,liad by repromcmg the map1 using AutoCad 

10ftware venioa 12 by Alao Deak Inc. Alternatively, the grid can be dralecl by had on 

11at, 11111P itaett: 01xe the grid is in place, die orisin Dllt bt locaed in ta upper left bad 

comer of the grid wl tbe grid IIDdM,red • abown in Figln 3.2. It is dl4)0lbd Iba the 

grid& look nadly die sane for boda the tupcw apbi" map and soil map IO that all the blocks 

correspond. 

DI·,: h& I 

cOlltoln be digitized imo headerless ASCll filea. Hychaim met h,ae files for tbe 

snpbic interfilce ad their action will be explained in laer sectiona. If a cfisitize.r tablet 

or suitable diaitizing IOftware is not avaliable, tbe digitized files have to be created 

J1W1111Jly. A ruler is med to me...-e poiDIB with m being taken to set.a 111 adeqmD 

IIJlllber of poiJD. Using m editor, 1bese poinla are then emend as x,y pain imo the 

appropriate files. Bouoday, &Imm, and topographic pois files IIIJllt have the nme me 

but ditferem file ntemioa. Boundary filn DOit have a .BDR extemtion, stream filn IDUBt 

have a .STR ntemiOD and toposnphic files IIIU8t have a .TPO ntensioa. These filn 

should be Dml8d after the watenbed that is to be modelled. For enq,le if a Mltel abed i1 

naned STREAMl, the bomdaly file mast be imned STREAMl.BDR,. the slre1111 file 

STREAMl.STR md the tupogtapbic file STREAMl.TPO (Figare 3.3). 

sa...Qwllmt 

For the ~• of determining nvel time and time of concemratiOD, the sradif.d of the 

streao dlJ8t be mown. Hycrosim usn the groa slope of the stream, wbidl can be 

determined by divi~ the dilference between the heed water elevatioo aad the cdlet 

elevation by the length of the stream. A utility prosram, STREAMCALC, was c:k,veloped 
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Figure 3.2: Example of Watershed with Hectare Grid. 



Watershed: Stream! 

1 1---+---+---+---+-fl+-+---+---~-+---.J-.-~'"----l 

2 t----+---+---+--e.14--+---+---.J-.-;;;;;:::,...,__....._,,+---~-1-+---l 

3 l---t---t---#-t---~-+---t---+---+---+--+------,1--t--r-~ 

4 l---+---+-4--..,__-1---+---+---#-1---.1';.__~-'-"--~~ 

5 l---c~-~.--~-1---~~~-,l-l---11------+~-----,I---I---I 

6~~c:::~~~~~.LL.....LL--JL~U'..-L-L_J 

7 t----+---+---+-+-~-+--~111---a.--~~~-I--~ 

8..__-"---"---¥---'---"---+-"-----'-----"---"-----' 

STREAMl.BDR STREAMl.SfR STRE.AMl .TPO 

Figure 3.3: Digitized Files Required to Run Hydrosim. 
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to read the .STR file and detennine the leastb of the stream. 1be, stream SJ11diem abould be 

in units of Mt/feet. 

3.3.2 Using Hycrosim 

N ..... tlae Wataill• te NMN ... 

nae fint tbmg a user must do when 1IBDJI liycnlim is to DIID9 the watershed that i• 

being modell"4 Naoe of the modaln will run if a watershed oane is not emered 1bil 

CID be the name of 811 existing model but for the purposes here, the name will be for a new 

watershed Hydrosim will use this oame as the nmne for most of the files generated For 

U11Dple, ifSTREAMl were to be eaered, Hycrosim will name most ofthe files it 

geneaatea STREAMl with an identifying nteosion. The watershed name is written to file 

CURRENT. CON, to be read later by other modules. 

J\<restia1 tile w__. .. 
AB mentioned earlier, Hydroaim represems a watershed • 811 ammgemem ofhectare 

blocb. To accomplilh this, the watershed is ''blocbd om" using progran dlOWle 

BCREATE. When BCREATE is started it reads CURRENT.CON for the name of the 

watenbed and read the •sociated .BDR file (Figare 3.4). tho watershed boundary is 

plotted on the screen with the hectare grid -.,eriq,osed 1be 1l8er can enlarge the grid or 

recmce the grid in proportion with the watershed, taking care not to enlarge beyond the 

boundaries of the screen. Then, the canor keys are used to bigblist, a grid space and 

select a block (as grid &pace1 will be refered to i'om now on) usiag the appropriate 

fimctioo key indicated on the pn,wam mema. This process will be followed until the 

watenbed is completely blocked in. 

Care must be taken when selecting blocb along the watenbed boundary. A rule 111ed 

dming this &tudy was that when the watershed boUDdary cut across a block, the block 



Watershed Name 

ClJRRENT. CON 

Input 

MENU 

BCREATE 

Output 

.DEL 

Delineation File 

Watershed Boun 

.BDR 

Figure 3.4: Input and Output Files for Program Module BCREAIB. 
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would be selected if the wltenbed occupied at least SO% ofit Only if the block is 

required for contimlity sboald a block be selected with lea than 50% of it occupied by the 

watenhed ... It is felt that the area of the watershed as blocked out in the model will be 

fffY close to that oftbe actual wltenbed (Figln 3.S). 1be only imaoce where then 

misfi be a problem is if the watershed being modelled has an area lea tbaa 10 hedan. 

If any emn are made dariD8 block seledioa, an umelect fimctian is availiable from the 

pti)8i an menu. When the waenbed la been blocked out, the mer can save it 1be file 

will automatieally be given the model me with a .DFL extension. For euq,le, the block 

file for STREAMl would be saved a STREAMl.DEL. The pnwam listing for 

BCREATE CID be found in the appendix. 

M61&Se1Data 

Soil dD are added to tbe model by 111mg the SOR.ADD prognm IDOGlle (Fipre 3.6). 

WJaen SOB.ADD is Blarted it will read CURRENT.CON for the model oane and then will 

read the auociated .DEL file. The 111er will see the watenbed ~semed an tlae screen in 

block form the way it was blocked out 111iDg BCREATE and a ID8IBl displaying the various 

fimctioas avaliable. 

Soil dD is emered into the model by first aiDg the C1nor bya to 1elect a block. Up to 

fcu diffinut soil types AD be entered into eadi block. Four was choosen • a rnuiowwo 

because it is very rwe to find fcu diffel eot soils occupying the ame hectare block. The 

daa~ are the soil symbol as presemed an the cOldy soil IIUIWJ map and the 

perconbtge, u Aidi11ubd IJy eye, of the block occupied by that soil. C.-e lllllllt be tabn not 

to type ia an incoll'ect soil syni)ol and to make an 1bat Ill perc-.s add up to 100-/4. If 

a mistake is madt it can be easily corrected 111mg the edit filDctian. Ifdlere .-e several 

block& with the same soil, the copy function can be used to copy the CODteot8 of one block 

into several others. 



34 

8 L..--L------11....---1--""----i.---1.----'----------_..._---

Figure 3.5: Example ofa Watershed ''Blocked Out" Using BCREATE. 



Watershed Name 

CURB.ENT.CON 

MENU 

SOILADD 

Output 

! 
.SOL 

Soil File 

Delineation File 

.DEL 

Figure 3.6: Input and Output Files for Program Module SOII..ADD. 
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B is felt lbat by Gering the soil daaa hecbn by hecbu, a more acc.D"lb estimate oftbe 

area covered by each soil type will be obtained, compared to looking at the waterabed • a 

whole, • one would when UBUJ8 only TR-5.5. Hydroaim places more ~ on soil 

cWa 11m 11l-.5S does. TR-.5.5 only requires that lbe hycrologic soil ~ and area 

covered be known. Hychsim requires the me oftbe soil du for the hycrologio soil aruup 

• well • for slope information. Hydrosim don not perform terrain aaalysis IDd IIIJllt 

reley on the slopes 1h11 an deBWJllled by the soil syambol. A b1bel" nplaoation of Ibis 

will be pn,semed in the nm cbapeer. 

Once the soil da has been ....-eel, the file is saved •ios the model aame 8Dd the .SOL 

exieDsion. 1be -.mg of 10il data is the lllOlt tin, CCW1WDiD1 part oftt. din modelling 

procea. If all of the du camot be emered in oae Bellion, the DBer cao save the partially 

finillhed file and recall it later to finiab. 1be prOfl1'8111 liltiog for SOILADD -. be found in 

the appendix. 

M&g Lall Use Data 

I is felt 11a the term land use is IIIOl'e fiUing 11m the term cover type. Land is used for 

vaious pm~ and the UBe determinel wla type of cover it will have. Developmem iB 

ffww,t i,f • a dmge in land 111e. For enmple, laod use to l!IOW m,pa1 could be 

conwrted to srazin8 land for m,imaJ11 or to a cOIIIIDOl"Cial property. 

Land use data are emend imo the model UBing the LUSEADD module. LUSEADD 

wens in a similar ..... to SOIi.ADD. When it begins nn,i,g it reads CURRENT.CON 

md the model's .DEL file (Fip'e 3. 7). The user sees lbe nme block I ep-neaativn of the 

W1lterBhed on the screen and select blocb in the 811DO .uam« • in SOILADD. '1be 

difrerence is that inltead ofbemg 8llbd for soil dD, the U8el" will be BIiked to eiier a land 

use .IIIDi,er for that particul.- block. Table 3.1 is a list oflaod •• IUllbers. The nme 

edit and copy fimctiom are availiable in LUSEADD as they were in SOIi.ADD. 
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Delineation File 
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Land Use File Land Use File Name 

Figure 3.7: Input and Output Files for Program Module LUSEADD. 
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Table 3.1: Land Use Numbers Used by Hydrosim 

Land Use Number 

1 
2 
3 

4 
s 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

Cover Type 

Open spaces 

Lawns, parks, golf courses, cemeteries, etc. 
Lawns, parks, golf courses, cemeteries, etc. 
Lawns, parks, golf courses, cemeteries, etc. 

Impervious areas, streets, and roads 

Pavement, Parking Lots, Roofs, etc. 
Paved streets and roads 
Paved open ditches 
Gravel roads and parlcing lots 
Dirt roads and parking lots 
Natural desert landscaping 
Artificial desert landscaping 

Urban areas 

Commercial and business areas 
Industrial areas 
Residential, 1/8 acre or less lots 
Residential, 1/4 acre lots 
Residential, 1/3 acre lots 
Residential, 1/2 acre lots 
Residential, 1 acre lots 
Residential, 2 acre lots 
Newly graded areas 

Agriculture 

Fallow, bare soil 
Crop residue cover 
Crop residue cover 
Row crops, straight row 
Row crops, straight row 
Row crops, straight row with crop residue cover 
Row crops, straight row with crop residue cover 
Row crops, contoured 
Row crops, contoured 
Row crops, contoured with crop residue 
Row crops, contoured with crop residue 
Row crops, contoured and terraced 
Row crops, contoured and terraced 
Row crops, contoured and ten-aced w/ crop residue 
Row crops, contoured and terraced w/ crop residue 
Small grain, straight row 
Small grain, straight row 
Small grain, straight row with crop residue 

Hydraulic Condition 

Poor (< SO% covered) 
Fair (50% to 75% cover) 
Good(> 75% covered) 

Pervious 
Impervious 

Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
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Table 3.1: Continued 

Land Use Number 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
Sl 
52 

53 
S4 
ss 
56 
57 
58 
S9 
60 
61 
62 
63 
64 
6S 
66 

Cover Type Hydraulic Condition 

Small grain, straight row with crop residue Good 
Small grain, contoured Poor 
Small grain, contoured Good 
Small grain, contoured with crop residue Poor 
Small grain, contoured with crop residue Good 
Small grain contoured and terraced Poor 
Small .,-.in. cont.owed and ten-aced Good 
Small grain. contoured and terraced w/ crop residue Poor 
Small grain, contoured and terraced w/ crop residue Good 
Legumes or rotation meadow, straight row Poor 
Legumes or rotation meadow, straight row Good 
Legumes or rotation meadow, contoured Poor 
Legumes or rotation meadow, contoured Good 
Legumes or rotation meadow, contoured & terraced Poor 
Legumes or rotation meadow, contoured & terraced Good 

Non-crop lands 

Pasture, grassland or range 
Pasture, grassland or range 
Pasture, grassland or range 
Meadow, mowed for hay 
Brush 
Brush 
Brush 
Orchard or tree farm 
Orchard or tree farm 
Orchard or tree farm 
Woods 
Woods 
Woods 
Farmsteads 

Poor (heavily grazed) 
Fair (not heavily grazed) 
Good (lightly grazed) 

Poor ( < 50% cover) 
Fair (SO to 75% cover) 
Good(> 75% cover) 
Poor 
Fair 
Good 
Poor 
Fair 
Good 
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When it is time to save the land on data, the aer is given the choice between savins the 

file ander the model ll8llle or aeledins a new name. 1be re&BOD for dlis is 1bat Hycroeim ii 

dnipd to won: with IIIJltiple land me files. A moc»l will have one delinntion file aod 

one soil file but cm have several laodule~ JUDOfl; time of coneednlbon and hycnsrapb 

filet1. For nample, if STREAMl ii 30ing to have three dift"erem llllld uae filts, each cao 

be given a diffinm 1W aod al) tiJbre &lea geDeJ ated for a particul.- land use will have 

the ... ..... When the file i1 aaved it is given die .LUS memion IDd its 1111111e ii 

written to LUF.CON to be read by filbn momle•. 

One ofthr • -,,~ .... made by LUSEADD is 1bat a block can have only oae lllld w. 

Thi• am-.,ti'lll i1 lll8de becluae it would be very difficult to wen ca the spatial 

relaiombip• between several •oil type• and lllld uses in the •ame block. Also, the bled 

size of oae hedli e providet adequate reaolution for land uae Ulllea the taal ~ 

.-ea is memely 1111811 (e.g. lea thm 10 hectans). 1be prosn-n listing for WSEADD 

CID be found in the appendix. 

~CN• 

CN1 an determined 111mg the CNCALC progt an .module. CNCALC is composed of 

three submodules CNCALCPl, CNCALCP2, and CNCALCP3. 

When CNCALCPl is started, it reads CURRENT. CON for the model Dlllle met reads 

the miciated .SOL file (Figan 3.8). It then crOBB references the ccdelD of the soil file 

with a file named MCSOil..LST that relates soil symbols to hycrologic •oil group and 

slope. 1ben, it writes this information to a file with the model name met the .TSS 

extension, and starts CNCALCP2 POaJlheally. 

CNCALCP2 reads LUF.CON to get the 1BDt of the land use file and a&b the user if 

that is 1be file to be used The user can accept 1bat file or emer the oane of mother land 

use file. If the user enters the name of another land use file, the new mme is written to 

LUF.CON. CNCALCP2 siq,ly adds the contems oftbe selected land use file to the 
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comem of the .TSS file and writes a file with the nane comaiaed in LUF.CON widl the 

.LSS extension (Figare 3.9). CNCALCP2 will aomatically at CNCALCP3. 

CNCALCP3 reads LUF.CON and open the appropriate .LSS file (Figtn 3.10). Then 

CNCALCP3 cross merences the hydrologic BOil 8foup and lmd use d8bl for "8dl block 

with CNNUM.1BL and determine CNs for each block in the B8llle way that CNs would be 

detmnined DWRudly using the TR.-5.5 cla1B. 

If a block bis two or more CNs u to difment hy&-ologic soil 8fOUP8 oceupyiDg 1lle 

same block, CNCALCP3 will use the peReJJlaAe d8bl to calculate a wei81Dd average CN 

for that block. CNCALCP3 8IIIUIDe8 that 1be antecedent moisbn condition for the 

watenhed is catagory D (average soil moisture). When all CNs an determined, a file is 

written U1U18 the mme found in LUF.CON wi1b the .CNN extension. The JJ108i aw listing 

for all of the CNCALC modules c• be found in the appendix. 

It should be noted that the data comained in the file MCSOD...I.Sf is vallid only for 

Mabonmg Cony, Ohio. Jfa watenlaed oubride the coumy is to be modelled, the file will 

need to ~ modified. The file CNNUM.TBL doae not have this limitation. 

~Av..-Raeff 
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Avenge nmoff is calculated by the fW'081"11D l'DOCmle ROFF. When the module is run, 

the user emen a 24 ilom' rainfall lllDOUlll ROFF will read LUF.CON aod open the 

appropriate . CNN file. Rmoff values are determined for each block by ming Eqs. 2.3 md 

2.4. The IIY'ffll8" runoff for the watenhed as a wllole is determined by a1111111i,w the runoff 

values for all blocb and dividing the toaJs by the am>er ofblocb. The resulting amoum 

is written to a file wi1h the .ROF ntemion (Figln 3.11) . 

.An additional feaan of the ROFF prognm mocmle is the calculation of the average 

111D01f'for a watenhed using a range of prKipitation 8IDOUliB ftom Oto six inchn. This 

information is displayed oo the screen ia graph form (Figln 3.12). The 8l"IPh cm be 

primed or the runoff data cm be saved to a mer naned file with the .DAT extemioo so that 
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Figure 3.12: Runoff vs. Rainfall Graph Produced by Program Module ROFF. 
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it. may be imported imo olher software padmgn. The pn>8J1llll liltins for ROFF CID be 

found in the appendix. 

~nae.re..-...... 
Time of CODCedlaiu11 is determined by miD8 the TIMECON JJA8iW mocmle. When 

TJMECON is started it read& CURRENT.CON fordle ---.bed- and acceaes 1be 

appropriate .BDR, .STR and .TPO files to mrieve bonier, ltrnm IDd topoga i4Jbi~ 

ccdaln. D then reads LUF. CON and ream lbe appropri• .LUS and .ROF files to 

retrieve land uae and 111D01f daal (Pipe 3.13). 
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'lbe UBer 1ees the border, alream 111d topoga .-ic cadOln oftbe wamibed, with the 

block arid~ displayed on the screen. The CW"Bor bys are used to mauver a 

croa-hairw from the mr1best poim oftbe wmwshed to the alream. If the Oler 11111m a 

misalce in selecting the fint poim, m abort fimction cm be used to at owr. Once the 

•cond poim ii choseD, 11MECON will ak for the croa-sectioaal flow area of the sire.a, 

the weUed pariu.ter, the stream .-fiem, and the 1\1-,i,w'• mw,•• coefficient for opm 

cbanoel flow. 

TJMECON uses the SCS Sepem Approach to caleulate time of coacealntion. 

TIMECON detelminn sbeetflow 111ing F.q. 2.5. D MDMI a flow length of300 &et 111d 

Die& a slope fi'Oln the soil daa Ila is COIDined in the JlOF file. Mw1•i,w'• rouglmea 

coefficiem are determined from the land 111e eta from the .WS file for the blocb 

inwbich sheet flow OCCW"B. Table 3.2 gives a lilting ofland me and aaociatecl M-,ing'• 

n,upnes& coeflicienbl. 

TIMBCON determines the travel time for Bballow cOIICtlllr'1IUd flow using F.q. 2.6. 

The ~ velocity is determioed by ammerical reprewmaiu0 oftbe gnpll for -.,.ved 

...-&ces shown in Yigme 2.1. This rtlatiOlllbip is represented by tbe following equation: 
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Table 3.2: Mmming's Rouglmess Coefficients for Land Use. 

Land Use Number 

1 
2 
3 

4 
s 
6 
7 
8 
9 
10 

11 
12 
13 
14 
1S 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3S 
36 
37 

Cover Type Manning's roll@hness coefficient 

Open spaces 

Lawns, parlcs, golf courses, cemeteries, etc. 
Lawns, parlcs, golf courses, cemeteries, etc. 
Lawns, parits, golf courses, cemeteries, etc. 

Impervious areas, streets, and roads 

Pavement, Parking Lots, Roofs, etc. 
Paved streets and roads 
Paved open ditches 
Gnvel roads and paricing lots 
Dirt roads and parking lots 
Natural desert landscaping 
.Artificial desert landscaping 

Urban areas 

Commercial and business areas 
Industrial areas 
Residential, 1/8 acre or less lots 
Residential, 1/4 acre lots 
Residential, 1 /3 acre lots 
Residential, 1/2 acre lots 
Residential, 1 acre lots 
Residential, 2 acre lots 
Newly graded areas 

Agriculture 

Fallow, bare soil 
Crop residue cover 
Crop residue cover 
Row crops, straight row 
Row crops, straight row 
Row crops, straight row with crop residue cover 
Row crops, straight row with crop residue cover 
Row crops, contoured 
Row crops, contoured 
Row crops, contoured with crop residue 
Row crops, contoured with crop residue 
Row crops, contoured and temiced 
Row crops, contoured and terraced 
Row crops, contoured and temlced w/ crop residue 
Row crops, contoured and terraced w/ crop residue 
Small grain, straight row 
Small grain, straight row 
Small grain, straight row with crop residue 

0.24 
0.24 
0.24 

0.011 
0.011 
0.011 
0.011 
0.011 
0.011 
0.011 

0.011 
0.011 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
o.os 

O.OS 
o.os 
o.os 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.11 
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Table 3.2: Continued 

Land Use Number Cover Type Manning's Roughness Coefficient 

38 Small grain, straight row with crop residue 0.17 
39 Small grain, contoured 0.17 
40 Small grain, contoured 0.17 
41 Small grain, contoured with crop residue 0.17 
42 Small grain, contoured with crop residue 0.17 
43 Small grain contoured and ten-aced 0.17 
44 Small srain, contoured and ten-aced 0.17 
45 Small grain, contoured and ten-aced w/ crop residue 0.17 
46 Small grain, contoured and terraced w/ crop residue 0.17 
47 Legumes or rotation meadow, straight row 0.17 
48 Legumes or rotation meadow, straight row 0.17 
49 Legumes or rotation meadow, contoured 0.17 
so Legumes or rotation meadow, contoured 0.17 
51 Legumes or rotation meadow, contoured & terraced 0.17 
52 Legumes or rotation meadow, contoured & ten-aced 0.17 

Non-crop lands 

53 Pasture, grassland or range 0.15 
54 Pasture, grassland or range 0.15 
ss Pasture, grassland or range 0.15 
56 Meadow, mowed for hay 0.15 
57 Brush 0.15 
58 Brush 0.15 
59 Brush 0.15 
60 Orchard or tree farm 0.4 
61 Orchard or tree farm 0.4 
62 Orchard or tree farm 0.4 
63 Woods 0.8 
64 Woods 0.8 
65 Woods 0.8 
66 Farmsteads 0.011 



v = -42878 a6 + 55204.9 .S - 27068 s4 + 6599.84 s3 -890.44 s2 + 88 . .S s + 0. 76 F.q. 3.1 

where 
V = avenge velocity (ft.ls) 
s = slope (ft/ft) 

Eq. 3.1 waa derived by digitizing poim fi-om the graph ido Golden Sotwrn's Olapher 

version 1. 76 graphics softwln and using its polynomial fitting routine to match the cave. 
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1be relatiOlllbip between 1lope and velocity far lq)&Ved mfaces WII applied for all 

lllld Ule8 for variOUB n•0111. Far emnple, a paniag lot is not a per1ectly amoadl •f&e 

allOWU18 Wlltel" to flow over it withed resistance. 'Jbt, •face ~fa paniag lot eaa be 

pitted, cradced, and covered with debri1, parbd can, &bopping carts, ttc. Allo the 

perimeter of• palm@ lot is 1IIIIBlly l1>U8b, wi1h 81'1ffl'l or tall grass which would slow the 

flow of water travelling across it Plltiag lotB are umally graded to a&irly lnel mfaw. 

However, Hychailn 81111111N the slope to be 1bat repreaemed by lie soil uvey data for the 

area. nm the slope med in calculali0111 may be weater" dal the actual slope for recemly 

developed paniag lots. Comidering tbne facton, it is felt that a:a adequate approximation 

is obtained by applying 1be -.,avec:1 relatiomhip between slope aad flow velocity for 

paved 11• .f&es (F.q. 3.1) to all Blrilces. 

1be velocity of ope1a da•.el 11ow is determined 1IIIDII the sire• dD emered by the 

mer IDd Eq. 2. 7. TIMECON detenninel 1be leaslh of open cbamel flow fi-om tile .8'11l 

file for the model. The acancy ofthis leQ8dl clopends on tbe IDllbel- of poiJD disitiad 

ido tho .STR file. lfthe poilD are being detennined by using a ruler, it is em emely 

importn Iha points ... not skipped. 

'Ille time of c0111;wtu•fon is detelmined by •-•-•Nu@ tbe travel times for sheet flow, 

aballow COlk:eullaed flow and open clainel flow. The time of coneemntioo is 

automatically saved to a file with the nane comained in LUP.CON with the .TC ntenaioa. 

1be prosram listing for TIMBCON eaa be found in 1be appendix. 
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TMrlrrH~•• 

Hydrosim generates bydrograpbs using the SCS Tabular Hydrograph method This is 

performed by the TABHYDRO Pf"08I am .nodule and is a fulJy 8W>Dlatic proceedln, 

requireing no inpd fi-om the user. When TABHYDRO is run, it fflldB the mme of the 

cmTem land Ule file in LUF.CON, opens the appropriate .CNN file, BDd determinn Ill 

average CN for the entire watenbed. It 1bea opens a file D8iDed IAP.TBL, which eodaios 

initial abata -.tiom (IJ for vaioua CNa, and aelocta the proper initial abata action for the 

avenge CN. The .ROF file is then opened and the IIIIOld of precipitation and nmoff'are 

read. The initial abldradion to precipitation ratio is determined by dividing the illitial 

abltrdion by the precipitation. The time of CCD;edl ativn is also read ti-om the approp iate 

.TC file (Figln 3.14). 

Boda the time of conwmn•ua and the initial ab&uac.iion to precipitation ratio 1n 

rounded to the nearest value for which abycrogtaph table exist&. TABHYDRO aiillllieS a 

Type n raiD6IU dillnluion since this study is being oond11cted in Ohio. 'lbe rounded time 

of concemration and initial absndion to precipitation ratio are used to idemify the 

appropriate bycrognpb file. Values of unit nmoff'in cfil/mi2 in are then read by 

TABHYDRO. 

1be ana of the W1ltershed is coaverted hm hedare8 to aqua-e miln. 'lbe tabul1r 

hycnsr11p1 is calculated using Eq. 2.8. Tune and discbqe iofOl1Dlbon is prided on the 

ICl"Nll and the UBer can save the by•ogal4)h to a .mo file and plot the bycro8[111Jb on the 

screen. 1be screen plotting fimction mJtomatically adjusts the scale of the bydrognph so it 

will fit on the ICl"eeD. 1be bydrograph can also be primed 

C0111p01ite byckugtapill can be ge11e1ated using the pro8f1IID COMPHY. COMPHY 

WU1b in the same manner • TABHYDRO with the exception that the user elDl'B a lilt of 

subwaerahed. and travel times. The pn,ga an li&tiugs for both TABHYDRO and 

COMPHY can be fOIBld in the appendix 
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UJllt~ 

Hycrolim can ge&e1ate mait hym-og.apba •ins the: piOAliiD modale SCSUNIT. A unit 

hycrograph is a byaoga apb that would result fi"om a 24-bom- rainfall of one inch 

(ViMM• , et al., 1977). SCSUNlT geaenDI mait hycrogt1 apba dlDJ8 the SCS Unit 

Hycro8f1IPh Method. When SCSUNrf i1 nm it reacll the LOP.CON file and opens tbt 

appropriate :re file and . CNN file (fipe 3.15). The .llOF file i1 not read in tbi1 cae 

beClllle the raio6111 ia 88IUIDed to be one inch. DilCbarge i1 calculated and corrilated widl 

the scs dimenaioaleas unit hydnw .._ 11K, re•ultiD8 hym-08J1ll)b times and diacbages se 

displayed on the screen. The mer is given the option to plot 1he hychsraph on the m-een 

or save it - Ill ASCB file wi1h the .UGH memion. 

3.3.3 g-ping Land Use FilN 

The p1 imay pmpose for which Hychaiw ..va developed w to provide a qaidc and 

eaay way to model a watenbed usiag 1everal clilrerem land U1e11 so tbs comp.-18008 eao 

be a.te between daem. Once the initial model has been nm, the mer can retarn to the 

LUSEADD module md edit the land me file. The file ca be saved under the existing file 

..., or anew file 111111e can be given to it Using the new land me file the mer would rm 

CNCALC, ROFF, TIMECON and TABHYDRO jlllt a before, takiDg oare to aw my 

.DAT files &-om the ROFF modale and .mo files undet di5,iera mes. 
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CHAPTER4 

Explanation of Hydrolim Mk. 1 Proceedurea 

4.1 lmrMIICdell 

Ju memioaed in the previOUB chapter, Hydroaim Mk 1 is a modification ofh, methods 

med by the SCS 'IR-55 watenbed model. Some of these modificatiOIIB may c8118e IOIDe 

concern about the accaraq, of Hydroaim. nae pmpose of this chapter is to explain lbeae 

modificatiOIII and give namplet to ahow that 1bey .-e reaomble and do not lave a 

negative iq,ed 91l 1be model reaultl. 

Ju explained in the previOUB chapter, Hydrosim view& a wateumed as• a:a»gemem 

of one be,ctaae blocb. 1here is some concern that this does not tndy repnaem the actual 

111ft oftbe watershed becw of the selection or omiaioo ofblocks aloag 1be watenbed 

boundary. 

Fip'e 4.1 is a map of a watenbed that is part oftbe Ca 8lllbeny Run watenbed (a 

tribublry to Mill Creek) locaed in nol1hern Boll"cm&l ToWllllbip near Y omgltowD, Obio. 

'lbe area of this watenhed was detennined IIBUl8 AutoCad, aod waa fomd to be 97.85 

hecarea. Fwre 4.2 is a block represeubmu0 of the ame watershed • viewed by 

Hydroaim and has •area.of 99 bec.ia n. The diffinnce between 8- ldDal are and the 

Bycrosim area is 1.15 hectares, a I.UM diffinoce. 'Ibil difference ofl.15 hectares is 

COIIBidered acceptable in view of potential emn in tbe original 97.85 hectare estimate 

The waenh~d boundaries were determined from a United States Geological S...Vey 7.5 

JIIDMe topowapbic map. These maps are created fi-om aerial mrveys and .-e not emirely 

acante. Topognpbic comown on these 1111p1 could have errors of phll or minus 3 to .5 

feet (Riclmd, 1990). Thus the watenbed, if ...-veye~ could have a 1...- or IIIDllller .-ea 

1ban 97.85 hectares. 
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Figure 4.1: Example Watershed used for Area Comparison. 
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Figure 4.2: Block Representation ofExample Watershed. 
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It is felt that far watenheds less than 10 heca es emn CID increase sreadf if m is 

not tltea daring the blomDg out proceu. Hydrosim can be adjlllted to UBe blocks that are 

smaller tban a hectare to more acCUl"lltely model smaller wateraheda. 

4.3»......CNs 

AnoCber.,. of caacem with Hychaim is 1lae practice of iaclading soil eta from 

outaide the Wllterahed boundary. 'Ibis would om.- if a block located Gil the '1¥8f'liled 

boundary is selected. Figare 4.3 is a map of 1be watershed med in the previOUB lediaa, 

abowiDg the diff'«em soil types and hycroloSic soil 8fOUPS. A coq,osite CN was 

determined for the wmrahed UBiag both the 1R-SS melbod and Hychan. For siq,licity 

in this nample, the laDd 111e for the wn abed ii anumed to be padin in Dir bychlogic 

condition. 

As ..mionecl in chapter 2, 1R-.5.5 111N cbarta to determine CNs bwd Gil bydroloaic 

soil group and land 111e. la C8IN with more than one soil group, • in this w-.ahed, 

percentages of each soil group have to be ellblDltecl The coa.,olite CN obained for tm 

watenbed waa 79. 1bi1 waa based Gil • eyeball nti•oati4'11 of S% CJroup B, 90% Chap 

C, and 10 % Q-oup D. Bycroaim determines CNs for each block of the watershed (Fip-e 

4.4). For this example, the average CN ~d for the Wllterahed was 78.41. This shows 

that the method used by Hydrosim provides a reuooably acante estimate of the CN for 

the watershed. In fact, it is felt that the method for detennining CNs used by Hycrosim is 

more structured and convenient 1han that of TR.-55. Hydromn forces the user to estimate 

1he percentages of each soil type for each individual block In 1he previous exaq,le, 1be 

pereem&p1 where estimaed 99 times. 'Ibis recmces the error resulting from an incorrect 

estimate. The hectare grid also aids in the .. ld;iomtioo proceBB. 
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D Hydrologic Soil Group B 

Hydrologic Soil Group C 

Hydrologic Soil Group D 

Figure 4.3: Soil Map ofExample Watershed Showing Hydrologic Soil Groups. 
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79 79 79 79 79 79 

79 79 79 79 79 79 79 79 

79 79 79 79 79 79 71 79 79 79 

79 79 79 79 79 79 79 79 79 79 79 

79 79 79 78 74 73 79 79 80 80 79 79 

72 79 79 79 76 73 76 81 82 81 79 79 79 

176 77 79 79 79 79 79 79 79 82 80 80 79 79 

79 79 79 79 79 81 79 79 79 79 

79 79 79 80 80 79 79 79 79 

Figure 4.4: CNs for the Example Watershed as Determined by Hydrosim. 
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4.4 Tllaeerc .... ,.,..... 

One of the difterences between HychBim and TR-55 is the way that slopes .-e hmdled 

for overland flow. TR-55 aes the avenge slope of1he flow padi to calculate overland 

flow travel times. HychBim 111N the slopet indicaed by 1be soil symbols (Table 4.1 ). 

When Hycrosim detenniDN the average CN for each block, it also detenoinn the aven,p 

slope for each block. 

To make a compari~ the l8IDe example watersbed was Died tu 1be land w 

uuned to be woods in fair bychlogie condition. T1111e of c.weutlaioo wa determined 

UBiog • average slope of 0.02 fl/ft. and Hycroaim. 1be remits are abown in Table 4.2. 

The time of COllli• moo ming the average slope is 1. 71 hotn. HychBim detenoined the 

time ofcoo.,emmoo to be 1.73 hours. The difmence between the two is 0.01 ho..- or 1.2 

mmtn. 

It is felt that the method med by Hycrosim for determining the travel time of overlmd 

flow mi8)a be more w• than 1IIUJ8 the average slope. 1be average slope is just 11a, 

the avenge. By 1l8ing the averap slopt, of each block, da,ges in slope alO!J8 the flow 

padl eao be taken into aceoum. 
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Table 4.1: Soil Slopes Used by Hydrosim (after SCS, 1971). 

Slope Hydrologic 
Soil Symbol Soil Name (% Grade) Soil Group 

BeB Bennington silt loam 4 C 
BgB Bogart loam 4 B 
BgC Bogart loam 9 B 
BtB Bogart loam, till 4 B 
BtC2 Bogart loam, till, eroded 9 B 
Ca Canadice silty clay loam 1 D 
CdB Caofield silt loam 4 C 
CdC Caofield silt loam 9 C 
CdC2 Caofield silt loam, eroded 9 C 
CeB Caofield, urban 4 C 
CgB Cardington silt loam 4 C 
CgC2 Cardington silt loam, eroded 9 C 
Ch Carlisle nmck 1 B 
Ck· Chagrin loam 1 D 
cm Chili gravelly loam 4 B 
CIC Chili gravelly loam 9 B 
CID Chili gravely loam 15 B 
CmB Chili loam 4 B 
CmC Chili loam 9 B 
CnE Chili and Conotton gravely soil 21 B 
CoF Chili and Conotton gravely soil 35 B 
CoB Chili urban 4 B 
CoC Chili urban 9 B 
Ct Condit silt loam 1 D 
Da Damascus loam 1 B 
De Damascus loam 1 B 
DkC Dekalb very stony loam 9 C 
DkE Dekalb very stony loam 21 C 
DkF Dekalb very stony loam 35 C 
Em Ellswor1h silt loam 4 C 
EiC Ellswor1h silt loam 9 C 
ElC2 Ellswor1h silt loam, eroded 9 C 
ElD2 Ellswor1h silt loam, eroded 15 C 
EIE2 Ellswor1h silt loam, eroded 21 C 
EIF Ellswor1h silt loam 35 C 
EsF3 Ellswor1h silty clay loam 21 C 
F.uB Ellswor1h urban 4 C 
FcA Fitchville silt loam 1 C 
FcB Fitchville silt loam 4 C 
FbB Fitchville silt loam, till substrate 4 C 
Fm Fitchville urban 4 C 
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Table 4.1: Continued 

Soil Symbol 

Fr 
GbB 
GbB2 
GbC 
GbD 
GeC2 
GeC3 
GeD2 
GeE2 
GfB 
OfC2 
Gp 
HoB 
JtA 
JtB 
JuB 
JwB 
Km 
Lb 
Le 
LdB 
LdC2 
LdD2 
LdE2 
LrB 
LrC 
Ls 
Ly 
MgA 
MgB 
MbB 
Mn 
MsB 
MsC2 
MsD2 
MsE2 
MsF2 
Od 
0v 
Pa 
Pc 

Slope 
Soil Name (% Grade) 

Frenchtown silt loam 1 
Geeburg silt loam 4 
Geeburg silt loam, eroded 4 
Geeburg silt loam 9 
Geeburg silt loam 15 
Geeburg silty clay loam, eroded 9 
Geeburg silty clay loam. very eroded 9 
Geeburg silty clay loam, eroded 15 
Geeburg silty clay loam. eroded 21 
Glenford silt loam 4 
Glenford silt loam, eroded 9 
Gravel pit 0 
Hornell silt loam 4 
Jimtown loam 1 
Jimtown loam 4 
Jimtown loam, till substrate 4 
Jimtown urban 1 
Kerston muck 1 
Lobdell loam 1 
Lorain silty clay loam 1 
Loudonville loam 4 
Loudonville loam, eroded 9 
Loudonville loam, eroded 15 
Loudonville loam, eroded 21 
Loudonville urban, mdulating 4 
Loudonville uro~ rolling 9 
Luray silt loam 1 
Luray silty clay loam 1 
Mahoning silt loam 1 
Mahoning silt loam 4 
Mahoning urban 4 
Marengo silty clay loam 1 
Muskingum chaonery silt loam 1 
Muskingum chmmery silt loam, ero. 9 
Muskingum chmmery silt loam, ero. 15 
Muskingum chaonery silt loam, ero. 21 
Muskingum chmmery silt loam, ero. 35 
Olmsted loam 1 
Orville silt loam 1 
Papakating silt loam 1 
Papakating silt clay loam 1 

Hydrologic 
Soil Group 

D 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
A 
D 
C 
C 
C 
C 
D 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 
D 
D 
D 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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Table 4.1: Continued 

Slope Hydrologic 
Soil Symbol Soil Name (o/o Grade) Soil Group 

RaA Ravenna silt loam 1 C 
RaB Ravenna silt loam 4 C 
ReA Remsen silt loam 1 D 
ReB Remsen silt loam 4 D 
RmB Remsen urban 1 D 
RsB Rittman silt loam 4 C 
RsC Rittman silt loam 9 C 
RsC2 Rittman silt loam, eroded 9 C 
RsD2 Rittman silt loam, eroded 15 C 
RuB Rittman urban 4 C 
Sb Sebring silt loam 1 C 
Sg Sebring urban 1 C 
SsB Strip mine spoils, rock 4 A 
SsC Strip mine spoils, rock 9 A 
SsF Strip mine spoils, rock 35 A 
StB Strip mine spoils, loamy 4 C 
Ste Strip mine spoils, loamy 9 C 
StF Strip mine spoils, loamy 35 C 
SuB Strip mine spoils, clayey 4 D 
TrA Trumbull silt loam 1 D 
TrB Trumbull silt loam 4 D 
Tu Trumbull urban 1 D 
WaA Wadsworth silt loam 1 C 
WaB Wadsworth silt loam 4 C 
WbB Wadsworth url>an 4 C 
We Wayland silt loam 1 C 
WrF2 Wooster loam, eroded 35 C 
WsB Wooster silt loam 4 C 
WsC2 Wooster silt loam, eroded 9 C 
WsD2 Wooster silt loam, eroded 15 C 
WsE2 Wooster silt loam, eroded 22 C 
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Table 4.2: Results of time of concentration comparison. 

TR-55 Hydrosim 

Sheet flow 1.34 hr. 1.23 hr. 

Shallow concentrated flow 0.25 hr. 0.37hr. 

Open chaonel flow 0.13 hr. 0.13 hr. 

Time of concentration 1.71 hr. 1.73 hr. 



CHAPTERS 

Effects of Hydrologk Sol Group and Land Use on Runoff 

5.1 ....... 

1be purpose oftbis cbaper is to use Hyck'osim to examine the effedl ofhydrologic soil 

type ad land use on nmoit A hypothetical watershed was used for this IUl)Ole. 

5.% TIie w .... 

The b.ypodletical waerabed Ul9d for Ibis amlyais is shown in Ywn 5.1. The 

watenbed bas 111 sea of 10 heda es and the --.i is 656 feet long with a widlb of 5 feet 

and a depth of3 feet The llreamgradiem is 0.01 fl/ft. 

The walel siled was mock,lled usms each of the fcu hydrologic soil groups. Each soil 

8J'OIIP was applied for the entire area ofdll, watenbed. Soil 8foup8 were not mixed. Fcu 

l&Dd uses were applied to each soil goup. 'Ibe8e land uses are: woods in fair hymologic 

conctitioo (land 111e # 64); meadow (land use #56); 1aomes with a lot me of0.25 acre 

(land use# 14); and pavemem (land use # 4). The land uses were applied to the Gire 

.-eaof1hewatenbed. 
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The selection oftbe fotr land uses was bwd on a logical pn,sreaioo of developme.

for the Y ouosstc,wn area. Oriplally, the area was wooded; a fair hydrolOlic conditioo 

was selected to represem the average condition for the area. 1be first Dp in developmem 

in many area was to clear away trees to create crop land, padui• aad meadows. 

Because this area had a&ir llllOID of asricultural activity in the pat, .-adow seemed 

lib a logical selection. 1be nnt step in developmem w comidffed to be caovenioo of 

the meadow to a housins BUbctiviaioo or to pavement (and/or other imperviOUB IDfacn) 

that would be repreaemative of comercial develc,pmem. 
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1 2 3 

4 5 6 

Stream 

7 8 9 

10 

Figure 5.1: Hypothetical Watershed Used to Examine Effects ofHydrologic Soil Group 
and Land Use on RlDloff 
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Hydrosim. was used to make the nmoff calculations. A 24 hour rainfall of 4 inches was 

used The results ofthe nmoff calculations can be fotmd in Table 5.1. Figures 5.2 and 5.3 

are graphs showing the average nmoff for 24 hour rainfalls ranging from O to 6 inches. 

5.4 Resalts 

By eramioing Table 5.1, some expected trends can be seen. It is not smprising that the 

least amount ofnmoffis associated with soil group A and the most with soil group D. 

Since soil group A has the highest infiltration rate, it should have the lowest amount of 

nmoff It is also not surprising that the predicted nmofffrom the paved watershed is the 

same for all soil groups. The assumption is that the pavement separates the precipitation 

ti-om the soil. If the pavement was severely cracked or brocken up so that the precipitation 

could reach the soil, then a difference between soil types would be seen. 

Table 5.2 shows a comparision of the nmoff predictions. From this it can be seen that, 

by changing the land use from woods to meadow, a reduction in the amouot ofnmoffis 

predicted This can be important because if the land use is subsequently changed from 

meadow to homes or pavement, the increase in nmoff would have a greater relative 

IDaBJlltude than if the land use was changed from woods. For example, for soil group C, 

changing the land use ti-om woods to homes results in a 49.67 percent increase in nmoff 

Changing the land use from meadow to homes increases the amount of nmoff by 64. 75 

percent even though the ultimate amount of nmoff is the same. 

Of the four hydrologic soil groups, group A shows the greatest increase in nmoff due to 

development. Changing the land use from woods to pavement increases the amount of 

nmoff by 37,600 percent Soil group D shows the least impact of development, with an 

nmoffincrease of92.35 percent when the land use is changed ti-om woods to pavement. 
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Figure 5.2: Rtmofffor a 24-hour rainfall ranging from Oto 6 inches. (a) Hydrologic soil 
group A (b) Hydro logic soil group B. 
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Figure 5.3: Runoff for a 24-hour rainfall ranging :from Oto 6 inches. (a) Hydrologic soil 
group C. (b) Hydrologic soil group D. 
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Table 5.1: Results ofRmoffCalculations 

Soil Group A 

Land Use 

Woods Meadow Homes Pavement 

Rmoff(in.) 0.01 0 0.81 3.77 

Soil OroupB 

Land Use 

Woods Meadow Homes Pavement 

Runoff(in) 0.76 0.66 1.67 . 3.77 

Soil Group C 

Land Use 

Woods Meadow Homes Pavement 

Rmoff(in.) 1.53 1.39 2.29 3.77 

Soil GroupD 

Land Use 

Woods Meadow Homes Pavement 

Rmoff(in.) 1.96 1.89 2.64 3.77 



Table 5.2: Analysis ofR.unoff 

Soil GroapA 

Land Use 

Woods 
Meadow 
Homes 
Pavement 

SoDGroapB 

Land Use 

Woods 
Meadow 
Homes 
Pavement 

SoDGroap C 

Land Use 

Woods 
Meadow 
Homes 
Pavement 

SoilGroapD 

Land Use 

Woods 
Meadow 
Homes 
Pavement 

Runoff (in.} 

0.01 
0 

0.81 
3.77 

Runoff (in.} 

0.76 
0.66 
1.67 
3.77 

R.unoff(in.} 

1.53 
1.39 
2.29 
3.77 

Runoff (in.) 

1.96 
1.89 
2.64 
3.77 

Increase (in.} 

-0.01 
0.81 

3.76 

Increase (in.) 

-0.1 
0.91 
3.01 

Increase (in.) 

-0.14 
0.76 
2.24 

Increase (in.) 

-0.07 
0.68 
1.81 

% Increase 

-100 
8,000 
37,600 

%Increase 

-13.16 
119.74 
396.05 

% Increase 

-9.15 
49.67 
146.41 

% Increase 

-3.57 
34.69 
92.35 
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5.5 Conclasions 

From this study, it can be seen that the amount ofnmofffrom a watershed is primarily 

controlled by the hydrologic soil groups contained within the watershed Soils of group A 

show the greatest sensitivity to development while soils of group D show the least In an 

effort to control dramatic increases in nmo~ development should, if possible, be done on 

soils of group C and D. Development of soils of group A should be avoided 



CHAPTER6 

Effects of Development on Time of Concentration, 

Peak Discharge, and Time of Peak Discharge 

,.1 llla-Nlldla 

75 

This chapter eDIDines the eftedB of develc,pa:iem on the time of "-onceam iE"°, peak 

disdlap, 111d time of peat di&dap. 1be same 10 beda e watershed lbat was used in the 

previous chapter is used here. 1be waterslK,d was modelled with the same soil and land 

use combinatiODB • before, bowwer, •lopes rmging mm 1 to IS percent were 

investiped. 

,.i n.eerc ....... ,..... 

Hydrolim waa UBed to determine the time of concemratioo using the same iravel pllh for 

all combinatiODB of ground slope and lmd use. A rainfall 8IDOld of 4 inc:bes was used. 

Table 6.1 gives the resulting times of concemratioo. 

From Table 6.1 it cm be seen that the time of concemntion is depenclem upon the lmd 

uae and the grOUDd slope. 1be predicted time of coocealration is mclepenclem of the type of 

soil within the watershed. F'igare 6.1 is a graph of the times of conceatration venus ground 

slope for each of tbe four land uses. B can be seen that pavemem bas the lhorteat time of 

concealratioo 811d wood& 1be longest It can also be seen that when the laid UBe is clum8ed 

fivm meadow to homes, the time of concentration is increased 

1be ground slope oftbe watenhed bu m effect on the time of conceub *"°- but this 

effect is not• great as cium8es in land use. From Figme 6.1, it can be seen that ID 

iacrease in ground slope will reduce the time of conceolration with the greatest IIIDOUm of 

reduction °"1rilJ8 at slopes between 1 aod 5 percem. 'Ibis redudion comimes, but is less 

pronounced, for weater •lopes. 



Table 6.1: Modelled Times of Concentration for Land Uses with Various GrolUld Slopes. 

Land Use 

Woods 

Meadow 

Homes 

Pavement 

GrolUldSlope 
(percent) 

1 
2 
5 
10 
1.5 

1 
2 
5 
10 
15 

1 
2 
.5 
10 
15 

1 
2 
.5 
10 
15 

Time of Concentration 
(hours) 

0 . .52 
0.48 
0.43 
-0.41 
0.40 

0.27 
0.23 
0.20 
0.18 
0.17 

0.31 
0.27 
0.24 
0.22 
0.21 

0.19 
0.16 
0.12 
0.11 
0.10 
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,.3 Peak Dlsdullp _. Tille ef Peak Di1e11-.e 

6.3.1 Jolroductioa 

The peak diacbarge md 1be time of the peak discharge were determined using the SCS 

UDit hydr08l aph .nedlod. 1be tabul.- hy~oga aph method proved to be mntiafadoly for 

the hypothetical wabmibed. 1be hypothetical watenhed bas an .-ea of 10 hectares so most 

oflbe daJAes in time of concealnllion are not 8f\'8t enoU8b for the tabula-bydrognpb 

medlod to work properly. 1be tabul.- hy~ogt aph method nlies on a fixod IIIIIDber of 

table1. 1be pa • ueten used must be romded to the nearest table. 1be result is that 

1hn>u8h this rMDCti,g a chaose in the time of concemratioa can be ignored if it ii not vt,ry 

large. Fip-e 6.2 sbowa the peak diacbarge and time of peak diacbarge for1be watffllhed 

with soil type A • detennine,d 111mg the, tabul.- hydrognpb method. From this it can be 

nen why the tabul.-hydrognpb method ii comidered amatiafactory. 

6.3.2 Peak Discbap 

Figlns 6.3 and 6.4 show the unit pnk diacbarge for each of the fotr bydrologic soil 

groups for slopes of 1 to 15 perce,m 8")Uped according to land uae. From this it CID be 

seen that the lowest peak disduqe is asociated with soil group A and the bipst with 

soil gnq, D. This is not uprising since the peak diacbarge is related to 1be 8IIIOUllt of 

runoff and 10il group A has the lowe&t while soil group D has the highest 1be peak 

diacbarge for pavemem ii the same for all of 1he soil groups becaJBe it is usmned that the 

soil is completely covered. 

1be eftecta of slope, 011 pe,ak disduqe can also be seen in Fip-es 6.3 ..ct 6.4. Chm3es 

in sround slope have the srnte,st effect on 10il group A and the lealt on group D. Just• 

with the time of COIMdl aiun, 1he greatest chaose in pe,ak discharge OCCIO when the 

ground slope chqes from I to 5 percent. Of the four land uses, it appears that meadow is 

the most sensitive to slope cbaoges. 
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Figlns 6 . .5 and 6.6 show tbe peak dischar-ge for the fom- land uses srouped by 

hycrologic soil group. From these figares it can be seen that chsmgi1J81he lmd me to 

pavement daamatically increases the peak discla-ge for all of1he hydraulic soil groups. 

6.3.3 Time of Peak Discharge 

82 

Figares 6. 7 and 6.8 show the time of peak discharge for the four soil groups for lfOUlld 

slopes 1hm 1 to 15 percu 8f'Olll)ed according to lad use. From these figures it can be 

seen that the shortest time of peak discbap is associated with soil group D and the lqest 

with soil group A This is a result oftbe infiltration rates of the soil. It ha to rain longer 

for a soil belonging to soil group A to become Slllurated tban for a soil of sroup D. Runoff 

will not occur until the upper portion of the soil becomes sannted or 1he rainfall is fallin8 

faster than the soil's rate of infiltntion.. The plot for pavemem was omitted becmJSe the 

time of peak discharge would be the 881De for all soil groups. 

Slope bas a simil.- e&ct on the time of peak discharge 81 it does oo the time of 

coocenlrabon and the arnoum of peak di&chage. From Figures 6. 7 and 6.8 it can be seen 

that slope change• between 1 and 5 percent have the greatest effect on 1he time of peak 

diacharge. It can also be •een that 81 the slope increases the differences between each soil 

group decreases. Oftbe four soil groups, it appe.-s that none oftbe groups are more 

sensitive to an increaBe in slope than any of the others. 

F1g1n11 6.9 md 6.10 show the time of pnk disclage for 1he fom- lmd uses grouped by 

soil sroup. One item ofimrest is 1he e&cts of soil group on the time of peak coocenlr1ltioo 

for the land uses of woods and meadow. For soil grcq, A, meadow bas a longer time of 

peak discharge than woods. For soil groups B and C, the time of peak discharge are 

euentidlly the same. For soil group D, the time of peak di•charge for meadow becomes 

aborter than that of woods. 
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6.4C..-hder 

Table 6.2 presem the relllltB oftbe peak discharge and time of peak discharge 

concerning develc,pmem. The first of these is that soil group A(• determined before) is 

the most Be111itive to developmem, and soil sroup D is the least sensitive. For eumple, if 

a wooed area with a 8f'OUDd slope of 1 percem were paved, the amoam of peak discharge 

for III area lnderlain by soils of src,ap A would ina'ease from 14.33 di to 94.31 di, 111 

iDcreaBe of 79.98 dB or 558 percn The time of peak discharge would decrease fi'om 

1.25 hOtrB to 0.19 boln, aremctioo of 85 percem. The result would moat likely be 

flooding with the increaed discharge cesulting in greater sedimem bwporl If the 8IIDe 

conditiODB where applied to m area mderlain by soils of group D11 the peak discharge 

would increase by 51.68 dB, or a 121 percem increase. The time of peak disdap would 

decrease fi'om 0.42 hounr to 0.19 boln, areductioo of55 percelt. Flooding may also 

l'9IIUlt fi'om this since the ultimate peak discharge would be the same, but the change would 

not be • sreat • what would ocar in 1he area uoderlain by soil 8"0IJP A 

A second conclUlioo is that even 1bousb the amount of nmofr decreased when the land 

use was changed fi"om woods to meadow for all 10il types (refer to Chapter 5), there is not 

a sreat difference in the resulting peak discharge or time of peak di1clmp. This is a result 

of the remced time of COlk;MI moo for meadow venus wood&. From Table 6.1 it can be 

nenfor a8f'OUDd slope ofl percent, the time ofconcd'atiooforwoods is 0.52 hours and 

for meadow it is only 0.27 hours, a di£noce of 48 percent 1be result i1 that nen tboasla 

the IIDOUllt of nmofr is reduced when the land Ole is changed from woods to meadow the 

time of coocemratioo is also reduced, allowing the nmofrto reach the odlet oftbe 

Wltenbed in rousbly balfthe tum. 1be result is that the 8lllOID of peak discharge is not 

patlymb;ed 

A final coocllllion is that the srouod ,lope aff'ects the peak discharBe and time of peak 

discharge for all soil groups and land mes equally. Different 8f'OUDd slopes were 
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Table 6.2: Peak Discharge and Time of Peak Discharge. 

Soil Group A 
Peak Dischrge Peak Time 

Land Use Slope.(%) (cfs) (hours) 

Woods 1 14.33 1.25 
2 20.10 0.89 
5 31.34 0.57 
10 43.60 0.41 
15 52.75 0.34 

Soil Group A 
Peak Dischrge Peak Time 

Land Use Slope(.¾) (cfs.) Chotn) 

Meadow 1 12.13 1.48 
2 17.12 1.05 
s 26.92 0.67 
10 37.88 0.47 
15 46.22 0.39 

Soil Group A 
Peak Dischrge Peak Time 

Land Use Slope(%) (cfs) (hours) 

Homes 1 27.41 0.65 
2 38.49 0.47 
5 59.98 0.30 
10 83.44 0.21 
15 101.14 0.18 

Soil Group A 
Peak Dischrge Peak Time 

Land Use Slope(%) (cfs) <hours) 

Pavement 1 94.31 0.19 
2 131.38 0.14 
5 204.77 0.09 
10 280.75 0.06 
15 340.45 0.05 
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Table 6.2: Continued 

Soil Gt"oupB 
Peak Dischrgc Peak Time 

Land Use Slope(¾) (cfs) (hours) 

Woods 1 26.22 0.68 
2 36.55 0.49 
5 56.33 0.32 
10 77 .36 0.23 
15 92.64 0.19 

Soil GroupB 
Peak Dischrge Peak Time 

Land Use Slope(¾) (cfs) (hours) 

Meadow 1 25.55 0.70 
2 35.96 0.50 
5 56.24 0.32 
10 78.66 0.23 
15 95.56 0.19 

Soil Group B 
Peak Dischrge Peak Time 

Land Use Slope l¾) (cfs) (hours) 

Homes 1 39.30 0.46 
2 55.01 0.33 
5 85.22 0.21 
10 117.93 0.15 
15 141.78 0.13 

Soil Group B 
Peak Dischrge Peak Time 

Land Use Slope(%) (cfs) (hours) 

Pavement 1 94.31 0.19 
2 131.38 0.14 
s 204.77 0.09 
10 280.75 0.06 
15 340.45 0.05 
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Table 6.2: Continued 

Soil Group C 
Peak Dischrge Peak Time 

Land Use Slcme (%) (cfs) Chours) 

Woods 1 36.22 0.49 
2 50.21 0.36 
s 76.62 0.23 
10 104.18 0.17 
15 123.58 0.14 

Soil Group C 
Peak Dischrge Peak Time 

Land Use Slcme (%) (cfs) (hours) 

Meadow 1 35.48 0.51 
2 49.84 0.36 
5 77.62 0.23 
10 107.91 0.17 
15 130.80 0.14 

Soil Group C 
Peak Dischrge Peak Time 

Land Use Slcme (%) (cfs) (hours) 

Homes 1 49.69 0.36 
2 69.39 0.26 
s 106.79 0.17 
10 147.06 0.12 
15 176.72 0.10 

Soil Groupe 
Peak Dischrge Peak Time 

LandUse Slcme (%) (cfs) (hours) 

Pavement 1 94.31 0.19 
2 131.38 0.14 
s 204.77 0.09 
10 280.75 0.06 
15 340.45 0.05 
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Table 6.2: Continued 

Soil Group D 
Peak Dischrge Peak Time 

Land Use Slope(¾) (cfs) {hours) 

Woods 1 42.63 0.42 
2 58.83 0.30 
s 89.38 0.20 
10 120.66 0.15 
15 142.26 0.13 

Soil GroupD 
Peak Dischrge Peak Time 

Land Use Slope(¾) (cfs) (hours) 

Meadow 1 43.01 0.42 
2 60.32 0.30 
5 93.67 0.19 
10 130.02 0.14 
IS 1S6.77 0.12 

Soil GroupD 
Peak Dischrge Peak Time 

Land Use Slope(¾) (cfs) (lioµn;) 

Homes 1 56.68 0.32 
2 79.01 0.23 
5 121.21 0.lS 
10 166.21 0.11 
15 199.S4 0.09 

Soil GroupD 
Peak Dischrge Peak.Time 

Land Use Slope(¾) (cfs) {hours) 

Pavement 1 94.31 0.19 
2 131.38 0.14 
5 204.77 0.09 
10 280.75 0.06 
15 340.45 0.05 
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modolled to see if a certain soil group or laod use would be more 1e111itive to a certain 

slope 1bm odien. Prom Table 6.~ it cao be seen that the eJlects of increaamg die 8J'C)IDI 

slope an very simil.- for all soil groupa and land mes. 
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CHAPTER7 

Incremental Effects of Development on a Watershed 

7.1 lldrNlldiea 

In the previous two chapters, 1he effect& of developmem on a hypodletical waenlled 

were examined 1be land 111e1 for tbil development were applied for the emire watershed 

area at once. In tbis chapter, the development is taken inaememallyto enmine the 

cbqes. inruaoffllldhy•ogaapla in 111 e1fortto determine iftllere is some threshold 

below which developmem can take place witbola seriously iq,actiag the waterabed. 

7.% l'lleWMaa• 

The l8IDe hypodletical watershed that w used in the p8lt two cbapten was used here 

(Ywre 7.1 ). The watersbed WBB giveo a 10il from hycrologic soil group C wi1h asround 

slope of 4 percent. 'Ibis WBB chooseu beC1UBe it appears to be the JDOlt "OiWiOD 1WOil group 

md slope for most of the Mill Creek watenbed 1be initial land WBB woods in fiur 

hycrologic condition (laod 111e IDllber 64 ). A wont case scenerio WBB CODBiderod by 

~ the land me fivm woods to pavement (land use IDIJber' 4) at 10 pema iltervals. 

7.3 Ra.ff 

Hycrosim was UBed to model the eifed& of clamgi• the land 111, fivm woods to 

pavemem. A 24-holr rainfall of four inches was 111ed The results of1hi1 modelling is 

presemed in Table 7.1. Figure 7.2 is a graph ofnmoJrresultiugfi"ont a24-ho.-rainfidl 

J"ID8ing fi-om Oto 6 inches for vaious amombl of development 

7.3.1 Analyais ofRmoffDaa 

Table 7.2 presems 111 aoalyais of the nmoff data obtained ti-om the modelling. It c111 be 

seeafi-om Table 7.2 that the total incre8le in111D01fis 146.41 percent. Runoff is increased 
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Figure 7.1: Hypothetical Watershed used for Modelling. 
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Table 7.1: Results ofR.unoffModelling. 

%Paved 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Rmmoff 
(inches) 

1..53 

1.75 

1.97 

2.20 

2.42 

2.65 

2.87 

3.09 

3.32 

3.54 

3.77 

97 



··-----· .. · 

·~ '+-() 
C 

.-, .· H ./ 4- ·n t ·r ~ . . . -· _..i' 

I : : : 

4 
/.... '\ . 
( 1n 1 
'I.._• • I ~_l 

i ,.. 
::> 

i 
f ~) 

98 

Fcivern,~n~ 

Pavement 

Povernent 

Povement 

PG"-/•::::ment 

P1~\/ernent 

Figure 7 _ 2: RtmoffResulting from a 24-hour Rainfall Ranging from O to 6 Inches for 
Various Amounts ofDevelopment 



99 

Table 7.2: Analysis ofRunoffResults. 

Rmmoff Relative Actual 
%Paved (inches) %Increase %Increase 

0 1.53 0 0 

10 1.75 14.38 14.38 

20 1.97 12.75 28.76 

30 2.20 11.68 43.79 

40 2.42 10.00 58.17 

50 2.65 9.50 73.20 

60 2.87 8.30 87.58 

70 3.09 7.67 101.96 

80 3.32 7.44 116.99 

90 3.54 6.63 131.37 

100 3.77 6.50 146.41 



100 

14.38 percent for eadl 10 percent of watershed .-ea that is paved The relative eftms of 

developmem deaeases for each 10 percent inc,nase in paved area. For enq,le the first 

10 percem paved will increase l'UDOtrby 14.38 percent. If another 10 perctd is paved, the 

8IDOld of ruootrwill increase by 12. 75 percent over the previous amouot but would be• 

actual ina-ew of 28. 76 percent mu the undeveloped 8IDOUlt. Figlre 7.3 is a plot of 

nmotrvenus perwot pavemed. AB cao be seen from this fip'e, the increase in nmotris 

linear with• increaae of about 0.22 iDcbet ofnmoffper 10 percent llD'08Se in paved 

area. 

7.4 Peak Dllduqe _. Tae ef Peak Dlsdllqe 

It was shown in the previous chapter that developmem bas 1111 etred on the peak 

discbqe and time of peak disduqe. This section fOCUSN on the location of development 

within the Wltenhed. The ame bypodietical waterabed that was used in the previous 

1ection to determine the eflecta of iacrememl developmem w uaed here. The land use 

for the walershed was initially wumed to be woods in fair hydrologic condition. 30 

percent oftbe watershed was paved The paved .-ea was located in various portiODS of 

the watet abed to determine if this md any effect on the amom of peat discbqe and the 

time of peak discbqe. Figmes 7.4 through 7.6 are maps of the bypodietical waterabed 

showing the portions paved aod the travel padi used to determine the time of "OllWdl ation. 

The SCS Unit Hydrograph method was used for the calculatiODS. The results of the 

modelliug are presented in Table 7.3. Figure 7. 7 are the unit hydrographs for the various 

development comigtntiODB. 

It should be noted that development ofblocks 1,4, and 7 was not examined because the 

results are the same as those from blocks 1, 6, 111d 9. This is because the hypothetical 

watershed is symetrical. Blocks 7, 8 and 9 where not examined because they are located 

to near to the watersheds outlet to have any affect on the time of concenlration. 
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10 

Figure 7.4: Map of Watershed Showing Blocks 3, 6 and 9 Developed. 
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Figure 7.5: Map of Watershed Showing Blocks 4, 5 and 6 Developed. 
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Table 7.3: Results ofHydrographModelling. 

TimeofCoocamation PeakI>iscbqe Time of Peak Discbqe 
{hours) (cfs) {hours) 

Undeveloped 0.44 69.27 0.26 

Blocks 3, 6& 
9Developed 0.44 84.17 0.21 

Blocks 4, 5& 
6Developed 0.44 84.17 0.21 

Blocks 1,2 & 
3Developed 0.41 87.97 0.20 
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7.4.1 Analysis ofModelling Results 

From Table 7.3 8lld Figure 7. 7 it can be seen that the locabon of the development does 

have an effect on the peak discbqe and time of peak discbqe. The increase in peak 

discbarp is due mostly to the incre8led runoff resulting 1nm the land use dumge. The unit 

hyclro&nPbs for 1be configurations shown in Figures 7.4 mad 7.5 are the same beC8Ule the 

development shown in Figure 7 .S does not affect the time of concemrtion. 'Ibis is beC8Ule 

when the nmo1f fi"om tbe upper comer of block one panes over die paved area, it panes 

over as shallow concemated flow. The travel time for shallow concenlrated flow, in this 

case, is more depenckmt on ground slope 1lum on the rousb-ss of the land use. The nmoff 

is flowing in tiny channels in which the water along the paimetffs of the cbminels act as a 

lubricating layer. The travel time across blocb 4,5, and 6 is the same for pavemem as for 

woodl. The confip'ltioo shown in Y1g1n 7.6 does d'ect the time of conceolration. With 

this coafiglntion, the travel time fi"om the upper left comer ofblock 1 to the sb eam, as 

lbown in Figlres 7.4 mad 7.5, is recmced fi-om 0.44 homs to 0.13 boon. 'Ibis is becmse 

the developllltd decreases the travel time for overland flov,- cir 81Dab"'8lly. This is beC8Ule 

the pavement preveldB any inflitration so runoffbegins almost imeadiatly after precipitation 

begins. The padi of travel shown in Y1g1n 7.6 bas a travel time of0.41 homB and becomes 

the time of concentration. The resulting change in the time of coneeub lbon increases the 

peak dischqe by 4 cfs and remces the time of peak discbqe by 0.01 hours. 

From this exercise, two observatioos can be made. 1be tint is that • a waterabed is 

developed, runoff increases linearly as a function of land area dove loped n.., there 

appean to be no mioimn (threshold) level of developmem that CID take place before • 

ma-ease in ruoo1f is observed. The second is that the loCabon of development bas at effect 

on the peak discbqe aod time of peak di•charp. Development will increase the peak 

discharge BDd reduce the time of peak dischqe but will not have it:R mniDDD effect 



-
mlea it is in a position to recmce 1lle time of COiMlUI aiun. It should be nott'd that these 

models were rm for a watenhed with 100 percem of the soil belOIJ8D)I to soil aroup C. 

1be effi,ctB of incremema1 developmem on runoff and 1he efrectB of the location of 

developmem may be mon, m anai~ if soils fi"om two or men of the various hydrologi~ 

soil groups an mixed. 

108 



CHAPTERS 

Application ofHydrosim Mk. I to a Portion of the Mill Creek Watershed 

8.1: Introdaction 

In this chapter Hydrosim Mk. 1 was used to model the changes in the amolDlt ofnmoff 

due to land use changes on a portion of the Mill Creek watershed As mentioned in 

Chapter 1. Lake Newport began filling in with sediment at an increased rate after 

development had begun on portions of the Mill Creek watershed The pmpose of this 

chapter was to model a portion of the watershed in which development has already 

occurred and determine how much impact the present land use has on nmoff comparred 

with possible previous land uses. 

109 

Figure 8.1 shows the location of the Mill Creek watershed used for this portion of the 

study. The watershed has an area of approximately 1200 hectares and is drained by a 

stream named Cranberry Rmi. The Cranberry Run watershed has been developed for some 

time and drains one of the oldest residential areas in Boardman Township. This watershed 

will be modelled using three land uses. The first land use will be woods in fair hydrologic 

condition (land use number 64) representing the conditions of the watershed before the 

area was settled The second land use will be meadow (land use number 56) representing 

the conditions of the watershed when farming was being conducted in the area It should 

be noted that not all of the watershed was farmland There quite probably was 

development directly from woods to homes. The pmpose of assuming 100% meadow is to 

provide a progression from the original wooded condition to the present land use. Also, 

since most of the southern portions of the Mill Creek watershed (south ofWestern Reserve 

Road) are nral and agricultural, the transition between meadow to present land use will 

provide an indication of what can be expected as these areas are developed in the future. 

The third land use used was the present land use of the Cranberry Run watershed. The 

major land use of this watershed at the present time is residential, primarily single family 
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Figure 8.1: Map of the Mill Creek Watershed Showing Portion Used for Modelling. 



homes on lots of a quarter of an acre or less. For these areas, land use manber 13 will be 

used Other land uses in this watershed include urban industrial and cemetary. 
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The Cranbeny Rm watershed was modelled in segments (Figure 8.2). This was done 

primarily for two reasons. The first reason was that the watershed would have to be 

broken into subwatershed and direct nmoff areas anyway in order to determine 

bydrograpbs for the individual tributaries. The second reason is that by segmenting the 

watershed into subwatersheds and direct nmoff areas, areas ofbydrologic sensitivity might 

be identified The segments were modelled using the three previously mentioned land uses 

and a 24-hour rainfall amotmt of 4 inches. 

8.2 Results of Modelling 

8.2.1 Subwatershed Sl 

Subwatershed Sl is the largest of the subwatersheds with a modelled area of376 

hectares. Figure 8.3 is a map of this subwatershed showing the various soil types and 

hydro logic soil groups. The initial land use of woods in fair hydro logic condition yielded 

a nmoff of 1.45 inches. Changing the land use to meadow reduced the amotmt of nmoff to 

1.32 inches, a reduction of approximately 9 %. The present land use of this subwatershed 

is residential, mostly single family homes or small apartment buildings. The resulting 

modelled nmoff for the present land use was determined to be 2.87 inches. 'Ibis is an 

increase of approximately 990/o over the wooded amomit and lOSo/4 greater than the 

amomrt associated with meadow. Figure 8.4 is a plot showing the nmoff associated with 

the various land uses for a 24-hour rainfall ranging &om 1 to 6 inches. 

8.2.2 Subwatershed S2 

Subwatershed S2 is the fom1h largest ofthe subwatershed with a modelled area oflOl 

hectares. This subwatershed has similar soil conditions to subwatershed Sl (Figure 8.5). 



112 

Figure 8.2: Map of the Cranberry Run Watershed Showing Sections used for Modelling. 
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Hydrologi.c Soil Group B 

Hydrologic So:il Group C 

Hydrologic Soll Group D 

Figure 8 . .5: Soil Map ofSub-Watershed S2. 
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A land use of woods resulted in a modelled nmoff of 1.46 inches and ch31')8ing this to 

meadow reduced the aDiount ofnmo:ffby approximately 9% to 1.33 inches. The present 

land use for this subwatershed is the saDie as that ofSl, residential. The resulting 

modelled nmofffor the present land use was fol.Dld to be 2.92 inches, an increase of 100% 

over woods and 110% over meadow. Figure 8.6 is a plot showing the nmo:lfassociated 

with the various land uses for a 24-hour rainfall ranging :from 1 to 6 inches. 

8.2.3 Subwatershed S3 

Subwatershed S3 has a modelled area of 227 hectares, making it the second largest of 

the subwatersheds. Figure 8.7 is a map of this subwatershed showing the various soil 

types and hydro logic soil groups. For the initial land use of woods a modelled nm.off of 

1. 5 9 inches was obtained Changing the land use to meadow reduced the nmo:lf aDiomrt by 

approximately 12.5% to 1.39 inches. The present land use for this subwatershed in 

residential with mostly single family homes. The present land use results in a modelled 

nmoffof2.87 inches, an increase of approximately 94% over the nmo:lfassociated with 

woods and approximately 103% graeter than the nmo:ffassociated with meadow. Figure 

8.8 is a plot showing the nmo:lf associated with the various land uses for a 24-hour rainfall 

ranging :from 1 to 6 inches. 

8.2.4 Subwatershed S4 

This subwatershed has a modelled area of 99 hectares and is the smallest of the sub

watersheds. The various soil types and hydrologic soil groups of this watershed can be 

seen in Figure 8.9. The land use of woods in fair hydrologic condition produced a 

modelled nmo:lf of 1.49 inches. Changing the land use to meadow reduced the aDiount of 

fl.Dloffby approximately 9% to 1.36 inches. The present land use for this subwatershed is 
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Hydrologi.c Soil Group B 

Hydrologic So:il Group C 

Hydrolog,ic Soil Group D 

Figure 8.7: Soil Map ofSub-Watershed S3. 
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Hydrologic Soil Group B 

Hydrologic Soil Group C 

Hydrologic Soil Group D 

Figure 8.9: Soil Map of Sub-Watershed S4. 
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primarily residential with some industrial. Residential land use is primarily single family 

homes making up 94% of the subwatershed area The industrial land use makes up the 

remaining 6% of the subwatershed's area and is modelled using land use number 12. The 

resulting modelled nmo:ff using the present land uses was found to be 2.82 inches. This is 

an increase of approximately 95% over woods and 104% over meadow. Figure 8.10 is a 

plot showing the nmo:ff associated with the various land uses for a 24-hour rainfall ranging 

from 1 to 6 inches. 

8.2.5 Subwatershed S5 

The final subwatershed of the Cranberry Rm watershed is S5 with a modelled area of 

135 hectares, making it the third largest. Figure 8.11 is a map of this subwatersbed 

showing the various soil types and hydro logic soil groups. The land use of woods 

produced a modelled nmo:ff of 1.42 inches. Changing the land use to meadow produced a 

nmo:ff of 1.29 inches, a reduction of approximately 9%. The present land use for this 

subwatershed is very similar to that ofsubwatershed S4 with 74% residential (land use 

nmnber 13) and 26% industrial (land use nmnber 3). The present land use resulted in a 

modelled nmo:ff of2.87 inches. The modelled nmo:ff amouot for the present land use is 

101 % greater than that produced by the woods and 110% greater than meadow. Figm-e 

8.12 is a plot showing the nmo:ff associated with the various land uses for a 24-hour 

rainfall ranging from 1 to 6 inches. 

8.2.6 Direct Runoff Area A 

A direct nmo:ff area is a portion of a watershed that lies between two or more sub

watersheds. In the case of the Cranberry Ruo watershed, there are 5 direct nmo:ff areas 

with A being the largest with a modelled area of 85 hectares. Figure 8.13 is a soil map of 
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Hydrologic Soil Group B 

Hydrologic Soil Group C 

Hydrologic Soil Group D 

Figure 8.11: Soil Map of Sub-Watershed S5. 
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Hydrologic Soil Group B 

Hydrologic Soll Group C 

Hydrologic Soll Group D 

Figure 8.13: Soil Map of Direct Runoff Area A 
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this direct nmo:tf area showing the various bydrologic soil groups present. The modelled 

nmo:tffor the land use of woods in fair bydrologic condition was fotmd to be 1.59 inches. 

This amotmt decreased by 7.5% to 1.47 inches when the land use was changed to meadow. 

The present land use for this area in residential with a mixture of single family homes on 

small lots and small apartment buildings. The resulting modelled nmo:tfusing the present 

land use is 2. 94 inches, an increase of 92% over woods and 100% over meadow. Figure 

8.14 is a plot showing the nmo:ff associated with the various land uses for a 24-hour 

rainfall ranging from 1 to 6 inches. 

8.2. 7 Direct Runoff Area B 

Direct nmoff area B has a modelled area of 49 hectares, making it the fourth largest of 

the direct nmoff areas. The soil types and hydraulic soil groups for this area are presented 

in Figure 8.15. The modelled nmo:ff for the land use of woods was 1.63 inches. Changing 

the land use to meadow reduced the amotmt of nmoffby 8% to 1.5 inches. The present 

land use for this area is 40% residential and 600/4 cemetary (land use mmber 3). The 

resulting modelled nmoff for the present land use was determined to be 1.89 inches, an 

increase of 58% over woods and 63% over meadow. Figure 8.16 is a plot showing the 

nmoffassociated with the various land uses for a 24-hour rainfall ranging from 1 to 6 

inches. 

8. 2. 8 Direct Runoff Area C 

Direct nmo:ffarea C is the smallest of the direct nmo:ffareas, with a modelled area of8 

hectares. Figure 8.17 shows the soil types and bydrologic soil groups that can be fotmd in 

this area The modelled nmo:fffor the land use of woods was 1.63 inches. Changing the 

land use to meadow reduced the amotmt ofnmo:ffby 7% to 1.51 inches. The present land 



Figm:e 8.14: RunoffResulting :from a 24-hour Rainfall 'Ranging &om Oto 6 Inches for 
the 'Three Land Uses for Direct Runoff Area A 
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Hydrologi.c Soil Group B 

Hydrologic Soil Group C 

Hydrologic Sou Group D 

Figure 8.15: Soil Map of Direct Rtmoff Area B. 
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use for this area is residential, primarily single family homes on small lots. The modelled 

nmoff for the present land use was 2.94 inches, 90% greater than that of woods and 9?0/4 

greater than that ofmeadow. Figure 8.18 shows the runoff associated with the various land 

uses for a 24-hour rainfall ranging from 1 to 6 inches. 

8.2.9 Direct Rmloff Area D 

Direct nmoff area D is the third largest of the direct nmoff areas with a modelled area 

of 53 hectares. Figure 8.19 is a map of this area showing the soil type and hydro logic soil 

groups. The modelled nmoff for the initial land use of woods was 1.53 inches. Changing 

the land use to meadow reduced this amotmt approximately 9% to 1.39 inches. The 

present land use for this area is residential with single family homes and small apartment 

buildings. The modelled nmoff for the present land use was 2.92 inches, an increase of 

95% over woods and 105% over meadow. Figure 8.20 is a plot showing the nmoff 

associated with the various land uses for a 24-hour rainfall ranging from 1 to 6 inches. 

8.2.10 Direct Runoff Area E 

Direct nmoff area E has a modelled area of 67 hectares, making it the second largest of 

the direct nmoff areas. The various soil types and hydrologic soil groups fotDld in this area 

are shown in Figure 8.21. The modelled nmoffforthe initial land use of woods was 1.51 

inches. Changing the land use to meadow reduced this amotmt 9% to 1.38 inches. The 

present land use for this area is residential and the modelled nmoffwas 2.92 inches. This 

is a 9?0/4 increase over woods and a 106% increase over meadow. Figure 8.22 is a plot 

showing the runoff associated with the various land uses for a 24-hour rainfall ranging 

from 1 to 6 inches. 
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8.3 Conclusions 

Table 8.1 is a sumary of the model results. From examining Table 8.1 several 

observations can be made. First subwatershed S5 had the greatest increase in nmo:ff due to 

development, with an increase of101%, and directnmo:ffareaB the least with an increase 

of58%. 

The differences in nmo:ff amo1.Dlts between the various sub-watersheds and direct nmo:ff 

areas when modelled as woods is due to differences in the bydrologic soil groups present. 

Subwatershed S5 has the lowest initial amount ofnmo:ff(l.42 inches) since it has the 

largest percentage of hydrologic soil group B. Direct nmo:ff areas B and C have the 

highest initial amo1.Dlts of nmoff ( 1. 63 inches) since it has the largest percentage of 

hydrologic soil group D. 

Overall, it is estimated that development has increased the amotmt of nmo:fffor the 

Cranbeny Rm watershed by an average of 95.6% over an asS1DDed initial land use of 

woods. n is felt that development similar to that which has occmTed in the Cranbeny Run 

watershed would have a similar effect on other watersheds in the area that are not yet 

developed 
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Table 8.1: Smmnary of Modelling Results - Land Use Changes in Cranbeny Run 
Watershed 

RIDloff Runoff Runoff Increase 
Area Woods Meadow Present Over Woods 
(hectares) (inches) (inches) (inches) (percent) 

St 376 1.45 1.32 2.87 99 

S1 101 1.46 1.33 2.92 100 

S3 227 1.59 1.39 2.87 94 

S4 99 1.49 1.36 2.82 95 

S5 135 1.42 1.29 2.87 101 

A 85 1.59 1.47 2.94 92 

B 49 1.63 1.50 1.89 58 

C 8 1.63 1.51 2.94 97 

D 53 1.53 1.39 2.92 95 

E 67 1.51 1.38 2.92 97 



CHAPTER9 

Applcation of Hydrolhn Mk. 1 to Determine Tune of Concentration for 
a Portion of the Mil Creek Watershed 

9.1 laaNlldiea 

In this chapter Hycrosim Mk. I was used to determine 1he chmgN in tile time of 

cOIMilb atioo and ltlJnD bydrog. iiphi me to 1811d 1a d&lges for a portion oftbe Mill 

Creek w_.Bbed. 1be C18Dbeny Run watenbed with the 1111111e subdiviaiODB and Imel use 

cbaages was Ulled for this part oftbe study (Pipe 9.1 ). 

,.2 1'lllle er Ceatilltliltia 

The 11MECON modul, ofHydrosim Mk 1 was med to determine the times of 
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CCD;edl ati.m for each of tbe subwatei &iK,da and direct nmooff' areas. When determining 

tbe times of coocebai• for aubwalenhecll, tbe 1111111e lb eam dmuoel geometry was 111ed 

Wore aod after laod UBe cbaagea. This made it easier to coq,are differencell between two 
' 

BUbwaenbeds by removing IIIIY paticuh.- feauel of a llream which may give mi1leadiog 

results, such • a waterlall or ma-Dale lake. In reality, since lllld me cbmgea an 

chronological (a explained in the previom chapter), it CIIIDOt ht' aaumed that lbe stream 

of today had the 881De geometry • 50 yean ago. However, by 888911J1ffl8 a 1,0iiBbd "banoel 

geometry, tbe effects of laod 1111e da,ps can ht' more easily coq,ared. The stream 

geometry med was a rectangular cron section with a depth oftlne feet, a widlb of five 

feet, a slope of0.1 feet/feet and aMililling'-, ROIJllmea Coefficiem of0.05. 



Figure 9.1 : Map of the Cranberry Run Waten:hed Sho'l-ving s~ctions us~~<l for Tim~ 
of Concentration Determination. 
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9.3 Remts 

9.3.1 Sm>watenhedSl 

The time of cOIICtdl ation for 111 initial land UBe of woods was 3. 71 holn. F°lgln 9.2 

shows the palh chosen to determine the time of cODCeJmail)D. CbwJging tbe lmd me to 

meadow reduced the time of concemation to 3.50 hotrs, a reduction ofsl~ over 12 

mimtes or 5. 1%. The time of coocenlnllion resulting 1rom 1be presem land me of single 

family homes was 4.80 holn, 111 increase ofappromnaely 29.4% over woods and 37.1% 

over meadow. 

9.3.2SubwatenrbedS2 

Flp'e 9.3 shows the pada chosen to determine the times of concemntion for 

subwatershed S2. 'lbe time of concentnbon resulting fi1Jlll IBI initial land use of woods 

was 2.16 boln. Changing fbe laod use to meadow reduced the time of coacNdration by 20 

minutes, or 15.3%, to 1.83 hours. Using the present IIBld use ofresidental, the time of 

concentration was determined to be 1.97 hours, a decrease of8.8% over woods and 111 

increase of 7. ,-.4 over meadow. 

9.3.3 Subwatenrbed S3 

The time of concemration detmnined for the path shown in Figm-e 9.4, using the initial 

land use of woods, was determined to be 2.37 hours. Cbsmging the laod use to meadow 

reduced the time of concentration approximately 4.60/4 to 2.26 hours, or about 6.5 mimes. 

Using the present land use ofresideutal, the time ofconct'lllration was determined to be 

2.28 holn, a decrease of3.8% over woods and IBI increase of 0.88% over meadow. 
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Figure 9.2: Map of Sub"vatershed Sl Showing Path Used for Time of Concentration 
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C.1 . = I O.fi. 

Figure 9.3 : Map of Subwatershed S2 Showing Path Used for Time of Concentration 
Determination. 
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Figure 9.4: Map of Subwatershed S3 Showing Path Used for Time of Concentration 
Determination. 
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9.3.4 Subwatershed S4 

The time of concemration for subwatersbed S4 was determined using the path shown in 

Figure 9.5. Using the initial land use ofwo~ resulted in a time of concentration ofl.17 

hours. Changing the land use to meadow reduced the time of conceiil aivn to 0.90 hours, a 

recmction of over 16 minutes or 46.1 %. With the present lmd Ule of residental md mb8D 

industrial, the time of concenlndion was determined to be 0.95 ho1r&, a decrease of 

43.ll~ over woods and an increase of5.ffi over meadow. 

9.3 . .5 Subwatenhed S.5 

Figm-e 9.6 shows the pall used to determine the time of concemation for u,watenhed 

S.5. The initial land use of woods resulted in a time ofconcenlration ofl . .54 bours. 

Ownging the land use to meadow resulted in a time of concenlration of 1.29 hours a 

reduction of 1~ mimtes or 13.6%. Using the preseat land use of residemial and mban 

industrial, the time of concenlratioo waa detennined to be 1.14 ho10. This is a decrea&e of 

11.24% coq,ared to woods and • increase of 2. 74% coq,ared to meadow. 

9.3.6 Direct Runoff Area A 

The tune of concentration for the inital land use of woods in direct nmofr area A was 

determined to be .5.67 hours for 1be travel pall shown in Fl8DR' 9. 7. Changing the lmd me 

to meadow reduced the time of concentration almost 14 lllildes to .5.44 houn, a reduction 

of approximately 4.1 %. 1be preses laod use of residemail resulted in a time of 

concemaiun of.5.47 houn areduction ofl . .53% over woods and an increase of0 . .5.5% 

over meadow. 

9.3. 7 Direct Runoff Area B 

A time of concemration of 2.11 hours was obtained for the padl shown in Figure 9.8 

using the initial land use of woods. Changing the land use to meadow reduced the time of 



C.I. = JO.fl . 

Figure 9.5: Map of Subwatershed S4 Showing Path Used for Time of Concentration 
Detenninati on. 
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Figure 9.6: Map of Subwatershed S5 Showing Path Used for Time of Concentration 
Determination. 

147 



c. r.~t0-lt . 

Figure 9. 7: Map of Direct Runoff Area A Showing Path Used for Time of Concentration 
Detennination. 
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Figure 9.8 : Map of Direct Runoff Area B Showing Path Used for Time of Concentration 
Detenninati on. 
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concenlration by over 15 migJte11 to 1.85 boon, or by 12.3%. The time of ~on 

for 1he presem I.ct 111e of residemal and cemetaay was determined to be 1.89 ho1r11, a 

reduction ofl0.43% from woods and• increase of2.160/4 from meadow. 

9.3.8 Direct lbmoif' Area C 
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Figure 9.9 shOWI the 1ravel padi chosen for the time of concentration in direct nmoif' 

area C. The time of concenlnlion using 1be initial land use of woods W1IB determined to be 

1.12 hours. Changing the land 111e to meadow reduced the time ofconc:emratioo by 24.1%, 

just over 16 minutes to 0.85 hours. Chaugi,w the laod use to the presem land use of 

residiealail resulted in a time of concem Mi"° of 0.90 hours, a 19.6% reduction c~ 

to woods ..ct a 5.9% increase c~ to meadow. 

9.3.9 Direct Runoff' Area D 

Using the initial land 111e of woods resulted in a time of concemration of 2.39 bolo for 

1he travel padi shown in Figure 9.10. (1uqp• the land use to meadow reduced the time of 

concemration by over 15 orimtes to 2.13 homs, a reduction ofapprnxiroately 10.99/4. 'Ihe 

time of colk;eub Mion using the present lad use of residential was determined to be 2.14 

holn a decraae of 10.5% over woods and an increase of approximately 0.4 7% over 

meadow. 

9.3.10 DirectRmoif'AreaE 

Figure 9.11 shows the travel padi used to detennine the times of conc:emration in direct 

IUDOif' area E. The time of coocemration for the initial land use of woods W1IB determined 

to be 1.54 hours. Changing tbe land use to meadow reduced the time of coocematioo by 

IS mimte8 to 1.29 hows, orby 16.2%. The time ofc01K;M1aiun using the presem laod 

use of residential was 1.14 hams, areductioo of approximately 260/o over woods and a 

reduction ofll.6o/o over meadow. 
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C.I. = IO -F'-t . 

Figure 9.9: Map of Direct Rwioff Area C Showing Path Used for Time of Concentration 
Determination. 
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C. J.. ~- !O f{ _ 

Figure 9.10: Map of Direct Rwioff Area D Showing Path Used for Time of Concentration 
Determination. 
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C. 1 . .: /0 -f-l 

Figure 9.11 : Map of Direct Rwioff AreaE Showing Path Used for Time of Concentration 
Determination. 
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,.4 Cw-kf1• 

Table 9.1 pre8elD the time of cODCedl"lbon relUlta. From this, 1everal observatiODB 

CID be made. It can be seen that ~ing the land 111e fi'Om woods to presem day 

decreasN the time of e;oncematiu11. Thia change varies widely 8IDOll8 subwattnheds or 

direct runoff areas wi1h the areateat reduction beq 43% for BUbwatenbed S4 aod the least 

m m-eae of2m for BUbwatenbed Sl. 1be variability iD the times cODCU1aiun is 

belil'Ved to be a fimctioo oftbt length of the travel padi for shallow coocemaaed flow. 

Since the muinwu travel padi for sheet flow is 300 &et and cbamelized flow bas the 

highest velocity, and h ~ aod direct runoff" areas have simihr sl~ 

shallow conumaiDJ flow IIJIK'll'I to be the comrolliag &ctor. Subwlterahed S1 had the 

loageat travel padi for shallow conc;edlaed flow and had an iacreae in the time of 

conced1'11tioo for the present land me over the original land me of woods. Direct nmoft" 

.-ea E showed the weatest reduction in tbt time of coocemratioo and also bad the shortest 

travel padi for overlllld flow. The time of coacenlndion for direct runoff" area C is 

primarily cme to overland flow. 

A second observation that can be made fi'Om Table 9.1 is that the times of coocematioo 

wociatec:l with the presed land me are gemenlly greater 1ban those associated wi1h the 

laod use of meadow. As wi1b the co-.,arison wi1b woods, the differences in the times of 

concemntion vary. Subwlterahed S1 abowed • incre•e of3'78/4 while direct ruooft"area 

E baa a reduction of &pprf'mnstely 11.~/4. The 1"°8th of the travel path for shallow 

concemated flow is believed to be 1be re.on for this variation. 

Overall, the difference between tbe times of coocemation 88BOCiated wi1h the land me 

of meadow and the present day land UBe is not wry sisaifie&ld. With 1he exception of 

U>walmibed SI aod direct nmoft" .-ea E, the increase in the times of concemntion rqes 

fi-om 0.47% to 7.7%. The presem day laod use gave a slightly longer time ofconcealration 

than meadow. 
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Table 9.1: Times ofConcemration for the C1abeny Ruo Watershed 

Tune of Coacedlai.m On.) 

SUbwatenhed/ 
Direct Ruooff LmdUse LmdUte LandU1e ¾reduc. %incr. 
Atta Woods Meadow Prelem over' woods over meadow 

Sl 3.71 3.SO 4.80 -29% 37% 

S2 2.16 1.83 1.97 8.ffi 7.7'. 

S3 2.37 2.26 2.28 3.8% 0.88% 

S4 1.67 0.90 0.95 4:J-/4 5.6% 

S5 1.69 1.46 1.50 11% 2.7% 

A 5.67 5.44 5.47 3.5% 0.6% 

B 2.11 1.85 1.89 10.4% 2.2% 

C 1.12 0.85 0.90 19.6% 5.9% 

D 2.39 2.13 2.14 10.5% 0.47% 

E 1.54 1.29 1.14 26% -11.6% 



CHAPTER10 

Application of Hydrosim MK. 1 to Generate Hydrographs for a 
Portion of the Mil Creek Watershed 

10.1 llltrodlKtiea 
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Using data generated in the previoua two chapten, Hydrosim Mk. 1 was eq,loyed to 

generate hy~ogt apbs for the Craobeny Run watershed Hycrograpbl were generated for 

each individual section of die watershed • well as composite hydrognpbs for the 

watershed • a whole. The hydrognpbs were generated ming die U. S. Soil Ccmervation 

Service Tabular Hyaogt apb Method (refer to Chapter 2). The Tabular Hydrograph 

method was used in this C88e bec8Dle the times of concemration generated for each oftbe 

watenhed's sectioos for each 1811d use show enough di1fereoce 1bat die problems with this 

method that were esplained in previoua chapters have been avoided The Tabular 

Hyck-ognph Method was also med because the hycrogt apbs will be based on the runoff 

calculated for each section fi-om a 24-hour rain&ll of 4 inches, ffl'Dauring ~onsisteot widi 

die previous two chapters. 

18.2 Remits ef lndmdul H,.roa,aplls 

10.2.1 Subwatenhed SI 

Figare IO.I shows die hycrograpbs generated for subwatenbed SI. The peak discharge 

for die 1811d use ofwoodl was 390 cubic feet per second (c&). The peak discharge for the 

land use of meadow was 3.5.5 cfs. The peak discharge for die present land use of 

residential was 942 c&. The present level of development bas increaed the peak 

discharge 121% over that 81Sociated widi woods and 133% over meadow. 
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The time of peak discharge for the land U8es of woods and meadow was 13.6 ho1n. 

1be time of peak discbaap for the present land use was 13.4 ho1n. 

10.2.2 Soowaterahed S2 
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Figare 10.2 ahowa the hydrognpbs generated for subwatenhed S2. The peak discharge 

for woods was 13.5 CD. Changing die land use to meadow resulted in a peak discharge of 

101 m. The presem laod use oftbis subwaterahed is residemial which resulted in a peak 

discharge of 2.57 CD, 811 increa1e of 95% over woods and 127% over meadow. 

The time of peak discluqe obtained for the land use of woods was 13.4 ho10. 

Chsmging tbe )and use to meadow increased the time of peak discluqe to 13.6 ho1n. The 

time of peak discharge for the ctuent land use was 13.4 holn. 

10.2.3 Subwatenbed S3 

The hydrugraphs gem,iatedfor ld>waterahed S3 are shown inFigan 10.3. The land 

use of woods resulted in a peak discharge of301 CD. (1-ging the land use to meadow 

resulted in a peak discbap of 22.5 CD. The presem land use increased the peak disdmge 

94% over that of woods and 126% over that of meadow to 567 CD. 

The time of peak discluqe was 13.4 bCMn for the present land use and woods. The 

time of peak discharge for meadow was 13.6 hours. 

10.2.4 Subwatenbed S4 

Figan 10.4 lhoWB the hydrognpbs generated for subwatershed S4. The land use of 

woods resulted in a peak discluqe of 177 CD. Chsqing the land us to woods reduced the 

peak discharge to 152 CD. The presed land use for this subwaterabed resulted in a peak 

discharge of38.5 CD, 811 increase of 109% over woods and 127% over meadow. 

The time of peak discluqe for the land uses of woods 811d meadow was 13 ho1n. The 

time of peak discharge for the preses laod use was 12.8 bOlrl. 
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Figure 10.3: Tabular Hydrographs for Subwatershed S3. 

160 

.-, 
I ' 



-

CJ 
'-._/ 

0 

CJ 
U) 

'.· -

0 

A 
rb\ 
J ! . cb 
l \ 
J I 

I :~~: Woods 
,:,_ 1:·t-r::*.'ir: M~adQw 
••••• Present 

Figure 10.4: Tabular Hydrograpbs for Subwatersbed S4. 

161 



162 

10.2.5 Sli,watenbed SS 

The hyck-c,srapbs 8eDel ated for subwaterabed SS are shown in Figlre 10.S. The land 

UBe of woods resulted in a peak dildage of 139 cfs. ~ 1he land UBe to meadow 

increased the peak diaduqe to 154 CD. The presem land UBe resulted in a peak dildage 

of 412 cfs, 111 increae of148% over woods and 134% over meadow. 

The time of peak discb&Qe for the land UBe of woods was 13.6 hours. 1be time of peak 

discharge obtained for the land UBe of meadow and 1be presem land use was 13.2 homs. 

10.2.6 Direct Runoff' Area A 

Figln 10.6 shows the hyck-c,srapbs generated for direct 111DOff" .-ea A The peak 

discbarp for the land me of woods was 118 cfs. The peak discharge decreased to 101 CD 

when the land use was changed to meadow. The presem land me ma-eased the peak 

di1clage to 217 cfs, and increase of92% over wood& and 107% over meadow. 

The time of peak dildage for all tine land UBN was 13.4 homs. 

10.2. 7 Direct Runoff' Area B 

The hydrograpba generated for direct nmoff' area B are presented in Figure 10. 7. 'Ihe 

laod UBe of woods resulted in a peak discharge of 64 cfs. Changin8 the land UBe to 

meadow produced a peak discharge to 64 cfs. Using 1he preses land use, the peak 

dildage became 80 cfs, 111 increae of 63% over both woods and meadow. 

The time of peak dildage for all three land mes was 13.4 holn. 

10.2.8 Direct Runoff' Area C 

Figln 10.8 shows the hyck-ugraphs generated for direct nmoff area C. 1be peak 

disdage 11SBOCiated with the initial land use of woods was 18 CD. Cbmging the land UBe 

to meadow increased the peak discharge to 20 ds. The present land use resulted in a peak 
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Figure 10.5: Tabular Hydrographs for Subwatershed S.5. 
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Figure 10. 7: Tabular Hydrographs for Direct Runoff Area B. 

165 



pa 

irn~r: tv-1 f;(] ·d. Q \l'l 

• o •• o Pr-esent 

Figure 10.8: Tabular Hydrograpbs for Direct Rtmoff Area C. 

166 



discharge of 32 cfs, an increase of 89% over woods aod an increase of 80% over 

meadow. 
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The time of peak discharge for the land use of woods was 12.8 hours. The time of peak 

discharge 8880Ciated wi1b the land use of meadow was 12.6 ho..-&. The present land use 

yielded a time of peak discharge of12.8 hours. 

It should be memioned that direct nmoff area C is the smallest subdivision of the 

Cl anbeny Run walerBbed with m area of9 hecta ea. Because dlis area is so 8111811, the 

reaula of the modelling may not be • accurate for this subdivision • it would for a larger 

ooe. 

10.2.9 DirectRlmoff AreaD 

The hyc:rograpbs for directnmoffareaD are shown in Figlre 10.9. The land use of 

woods resulted in a peak discharge of 71 cfi. Cbaqing the laad use to moadow recmced 

the peak diacbarge to 53 cfi. The prenm laad use resulted in a peak discharge of 135 cfs. 

An increase of95% over woods and 127% over meadow. 

The time of peak discharge for the present land use and woods was 13.4 hotn. The 

land use of meadow produced a time of peak discharge of 13.6 hotn. 

10.2.10 Direct Rlmoff AreaE 

Figure 10.10 presem the byclrosnPbs generated for direct nmoff area E. 1be peak 

diacharHe 8880Ciated wi1b the initial land use of woods was 107 cfi. Cbaqing 1- land use 

to meadow molted in a .,.at nmoft" of 90 cfi. 1be peak disc:harge anociated with the 

present land UBe was 206 cfs, m increase of 96% over woods and 114% over meadow. 

The time of peak diacbmge for the present land use and woods was 13.2 holrs. The 

land use of meadow gave a time of peak discharge of 13 holn. 
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Composite hycloSlaphs were generated using COMPHY mk. 1.0 to observe 11M, effedl 

ofland 111e change on the Cranbeny Run watershed as a whole. Because there are only a 

limited omnber of travel times on the hydroSf11Ph tables, the travel times UBed for the 

generation of the composite hydrographs had to be rounded to the nearest table value. The 

sreatest rounding em,r was 0.17 hours. 

Figure 10.11 shows the composite hycngrapbs generated for the CJ auberry Rm 

waterabed for the.land 111es of woods, meadow and present conditioos. The land use of 

woods produced a peak discharge of 1,196 di at 14 ho..-s. The land use of meadow 

resulted in a peak discharge ofl,003 di at 14.3 hours. The presed land use resulted in a 

peak discharge of 2,530 di at a time of 14 hCUB, an increase of 52% over woods and 608/4 

over meadow. 

10.4 Coaclllsleas 

The results of the indivic:mal tabul.-hycloSl apbs Bild the composite hydrographs are 

presented in tables 10.1 Bild 10.2. The times of peak discharge are ommited becaJSe it is 

felt that they are not representative of the actual times. The sameness in the times of peak 

discharge is due to a drawback in the Tabular Hydrograpb method. The Tabul.

Hydrosraph method star1B all hydrograph& at a time of 11 hours after the rainfall begins. 

The most important informatioo from 1bis analysis is coosidered to be the JIU181Dtudes of the 

peak discharges. From these tables several obsenratioos can be made. 

The general trend in the indivicml bydruga apbs was a decrease in the peak discharge 

I-om woods to meadow. Exceptiom to 1bi1 trend were observed for sm>watenhed S5, 

direct nmoff' area B ad direct nmoff' area C. It is felt that the increase in peak discharge 

for sub watershed S5 and direct nmoff area C and the lack of change for direct nmoff area 

B is cme to a combination of soil types and time of concentration travel padi. The general 
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Figure 10.11: Composite Hydrograpbs for the Cranberry Run Watershed 



-
172 

Table 10.1: Rfflllta oflndividual Tabul.-Hyck-oSJ'81)ba 

Peak Di•charge Peak Di•charge PeakDi•chqe ¾ Jncreue ¾Jncreue 
SubArea Wood• (cf1) Meadow(cf!) Presert. (cf•) Over-Woods Over-Meadow 

S1 390 355 942 121 133 
S2 13.5 101 257 95 127 
S3 301 225 567 94 126 
S4 177 1.52 38.5 109 127 
S5 139 154 412 148 134 
A 118 101 217 91 107 

B 64 64 80 63 63 

C 18 20 32 89 80 

D 71 53 135 9.5 127 

E 107 90 206 96 114 



-
Table 10.2: RellllltB of Composite Hyck'osnPbs 

Lind Use 

Wooda 

Meadow 

Preaem 

1,196 di 

1,003 di 

2,S30 di 

% Increaae over Wood& 

106% 

% Increaae over Meadow 

12w. 
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trend is also evidem in the composite hydroSlapbs, wi1h areductioo in the peak discharge 

between woods and meadow. 

Develc,pmem substamially increased the peak discharge for both the individual and 

c~ite hycnwapbs. From Table 10.1 it can be seen that BUb watenhed S5 was the 

most sensitive to cltvelopment with• increae in peak discharge of 148% over woods. 
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the average mcrew in peak dilCbage when land use W88 cbmgecl from woods to 

presem dnelopmem was 100%. This is in nsooably good agreement with the sane 

dump shown in the composite hydrognpb, • increase of 105%. 1be average increase in 

the peak dudage when the land use w clalged fi'om meadow to present land use WBB 

114%. This is in reasooable 88('NllltU with the clalge shown in the compoBite 

hydrognpb, m increased of 126%. 

Overall, developmem can substw•i.tly increase the peak diacbwge for a watea shed. 

1bi1 increase can lead to fJoodq md poaible downm eam sedimenatioa problemr • 

more water is availiable to baosport smpended sedimem. 1be Hydroaim JDOc»l predicted 

that peak dildmges ia Cume.ty RDl have more tbwi doubled cme to dnelopmem. 

SilnilM' increases have moat likely ocaued ia c6er par1B of the Mill Creek watelahed as 

well .. 



11.1 BydndllMk. 1.1 

CHAPTER11 

CONCLUSIONS 
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Prom it& variom applicatiODB in this sludy, it cao be seen that Hydrosim Mk 1.0 

performed according to it& stated pmpoae. It provides for eay land me clalges and 

modelling oflbe effedl those cbm,es have oo a watenbed. It also bas the ability to model 

hypothetical wat8I sheds. 

AB sbltes nrlier, Hydrosim Mk 1.0 wa1 not imended to model evealB nactly ha to 

make relative compariBOIIB between various laad uses. This is becmse Hycrosim is based 

oo 1be United States Soil Conservatioo Services TR.-5.5 watershed model. The principle 

relatiODBbipB used in TR.-55 were developed trom observatiODB of 1111811 nral Wltenlbeds. 

H)'G"Olim would have to be calibrated with actual field dD in order to model actual 

watershedevems. 

Overall, it can be concluded that Hycrosim Mk 1.0 is a valid modelling syatem which 

ofi"en flexibility and ease of opea atiua. It is the aulbor's hope that fia1ber improvemems 

will be added in the fimn. 

1L2 Effects el Dnt111•• • tlle Mil Creek WIIUl"lllal 

The pmpose oftbis study was to develop a watersbed modelling system in which the 

effects of land use cbaage could be e•ily modelled and compared 'Ibis need arose fi-om 

the desire to .mdet stu1 the sedimemaiun problem in Lake Newport, localed in Mill Creek 

Park. It had been accepted that the recent sedimematioo in Lake Newport was the direct 

result of developmem within the Mill Creek watershed, bis the Jll88Ditade of the effects of 

development on hycnlogy was not mown. 
From modelling the C1 lmbercy Run watenbed, a portion oftbe Mill Creek watershed, it 

has been detenniaed that the present state of developmem essentially dom>les the 8lllOIU of 
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nnoff and the peak dis~ over an wumed initial land use of woods. AB developmem 

within the Mill Creek waterabed cominuel, the problems of :flooding and sedimentation 

will only t,ow worse. 

From modelling performed on hypothetical watersheds, it has been determined that the 

impact of developmem can be recuced if development is carefiJlly plamed By avoiding 

development on soil types with relatively high infiltration rates such as those belonging to 

hydrologic soil 811>UP• A 811d B, the amount of increase in nmoff' can be minimimd. Also, 

if developmem is placed within a watershed so as not to cause an increase in the time of 

concemation, the 8IDOlmt of peak discharge may be mimmiad 
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APPENDIX 

Source Code for Hydrosim mk. 1 Program Modules 



Source Code for BCREATE mk. 1 

••••••••• ... Baain Create mk. 1. 0 ••••••••••••••••••• 

CLS 
SCREEN12 
••••••••••••• Initialize variables •••••••••••• .. •••••• 
a=l 
b=l 
sl=20 
x=l 
y=l 
z=l 

'**•••• .. •••• Get input File ********** .. **"*** .. *** 
OOSUB fscreen 
OPEN ''\model\data.\camlt.con" FOR INPUI' AS #1 
INPUT#l, sbS, aS 
CLOSE#l 

'*********•••• Dimension Arrays ••••**••••••••••••••• 
DIM:u(l TO l0000)ASINTEGER. 
DIM yy(l TO 10000) AS IN1EGER 
total= 0 

•••••••••••••••••• Main *****************•*********** 
OOSUB getborder 
OOSUB dlines 
GOSUB sidebar 
GOSUBdrawb 
OOSUB drawborder 

WHll.E moves <> "e" 
OOSUBtstore 

ON KEY(ll) OOSUB right 
KEY(13)ON 
ON KEY(l2) GOSUB left 
KEY(l2) ON 
ONKEY(l4) OOSUB down 
KEY(l4) ON 
ON KEY(ll) GOSUB up 
KEY(ll) ON 
ONKEY(l) GOSUB sel 
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K.EY(l)ON 
ON KEY(2) GOSUB 1B1Sel 
KEY(2)ON 
ON KEY(3) GOSUB fileout 
KEY(3)ON 
ONKEY(4) GOSUB upscale 
KEY(4)ON 
ON KEY(5) GOSUB dnscale 
KEY(5)ON 

move$= INKEYS 
WEND 
CLOSE#! 
GOSUB escreen 
RUN ''MENU'' 
END 
'************************************************** 

drawb: 
L1NE (a, b)-(a + sl, b), 4 
L1NE (a, b)-(a, b + sl), 4 
L1NE (a, b + s1)-(a + sl, b + sl), 4 
L1NE (a+ sl, b + s1)-(a + sl, b), 4 
LOCATE 25, 67 
PRINT "X = "; X 

LOCATE 27, 67 
PRINT ''Y = "; y 

RETURN 
'********************************** 
eraseb: 
L1NE (~ tb )-(ta+ sl, tb ), 7 
L1NE (~ tb)-(~ tb + sl), 7 
LINE (~ tb + sl)-(ta + sl, tb + sl), 7 
LINE (ta+ sl, tb + sl)-(ta + sl, tb), 7 

RETURN 
'*********************************** 
tstore: 
ta=a 
tb=b 

RETURN 
'*********************************** 
dlines: 
CLS 
FOR i = 1 TO 1NT(500 / sl) * sl STEP sl 

LINE (i, 1)-(i, (INT(460 / sl) * sl) - sl), 7 
NEXTi 
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FOR i = 1 TO INT(460 / sl) * sl STEP sl 

LINE (1, i)-((INT(500 Isl) * sl) - sl, i), 7 
NEXTi 

RETURN 
'************************************ 
sel: 

GOSUB drawb 
PAINT (a+ 1, b + 1), 2, 4 
xx(z) =x 
yy(z) =y 
total = total + 1 
GOSUB drawborder 

RETURN 
'************************************ 
tmSel: 

GOSUB eraseborder 
PAINT(a+ 1, b+ 1), 0,4 
PAINT (a+ sl - 1, b + sl - 1 ), 0, 4 
PAINT (a+ sl - 1, b + 1), 0, 4 
PAINT (a+ 1, b + sl -1), 0, 4 
xx(z)= 0 
yy(z)= 0 
total = total - 1 
GOSUB drawborder 

RETURN 
'************************************ 
right: 

GOSUBtstore 
a=a+sl 
z=z+l 
x = ((a- 1) / sl) + 1 
IF x > INT(500 / sl) - 1 1HEN GOSUB rlimit 
IF ta<> a TIIEN GOSUB eraseb 
IF tb <> b TIIEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'************************************* 
left: 

GOSUBtstore 
a= a- sl 
z=z-1 
x=((a-1)/sl)+l 
IFx< I THEN GOSUB llimit 
IF ta<> a TIIEN GOSUB eraseb 
IF tb <> b TIIEN GOSUB eraseb 
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GOSUBdrawb 
RETIJRN 
'***************************************** 
down: 
GOSUB tstore 
b=b+sl 
y = ((b - 1) / sl) + 1 
z = z + (]NT(500 Isl) - 1) 
IF y > INT(460 / sl) - 1 TiffiN GOSUB dlimit 
IF ta<> a THEN GOSUB eraseb 
IF tb <> b THEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'****************************************** 
up: 

GOSUB tstore 
b =b - sl 
y = ((b - 1) / sl) + 1 
z = z - (INT(500 / sl) - 1) 
IF y < l TIIEN GOSUB ulimit 
IF ta<> a 1HEN GOSUB eraseb 
IF tb <> b THEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'******************************************* 
rlimit: 
BEEP 
a= a- sl 
z=z-1 
x= ((a-1) / sl) + 1 

RETURN 
'******************************************** 
llimit: 
BEEP 
a= a+ sl 
z=z+l 
x = ((a- 1) / sl) + 1 

RETURN 
'********************************************* 
dlimit: 
BEEP 
b = b - sl 
y = ((b - 1) / sl) + 1 
z = z - (INT(500 Isl) - 1) 

RETURN 
'********************************************** 
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ulimit: 

BEEP 
b =b + sl 
y = ((b - 1) / sl) + I 
z = z + (INT(500 Isl) - 1) 

RE1URN 
'*********************************************** 
sidebar: 

LINE (505, 1)-(505, 460), 1 
LINE (505, 1)-(620, 1), 1 
LINE (620, 1)-(620, 460), 1 
LINE (505, 460)-(620, 460), I 
PAINT (510, 3), 1, 1 
LOCA1E2,67 
PRINT name$ 
LOCA1E4, 67 
PRINT ''up "; CHR.$( 24) 
LOCA1E5, 67 
PRINT "down "; CHR.$(25) 
LOCA1E6, 67 
PRINT "right "; CHR.$(26) 
LOCAIB 7, 67 
PRINT "left "; CHR.$(27) 
LOCATE 9, 65 
PRINT ''Fl select'' 
LOCAIB 11, 65 
PRINT "F2 1.D1Select'' 
LOCAIB 13, 65 
PRINT ''F3 save " 
LOCATE 15, 65 
PRINT ''F4 scale up" 
LOCATE 17, 65 
PRINT ''F5 scale dn" 
LOCAIB 19, 65 
PRINT "e to end " 

RE1URN 
'**************************************** 
upscale: 

sl = sl + 2 
GOSUB refresh 

RE1URN 
'***************************************** 
doscale: 

sl = sl - 2 
GOSUB refresh 

RE11JRN 
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'****************************************** 
refresh: 

GOSUBdlines 
GOSUB sidebar 
GOSUB drawborder 
a= 1: b= 1 
x=l:y=l 
GOSUBdrawb 

RETURN 
'******************************************** 
fileout: 

LOCATE 25, 65 
PRINT "Saving'' 
OPEN ''\model\data\" + sbS + ".del" FOR OUTPUT AS #1 
WRITE #1, waterS 
WRITE #1, name$ 
WRITE#l, sl 
WRITE #1, "del" 
WRITE #1, total 

FOR i = 1 TO 10000 
IF xx(i) <> 0 IBEN WRITE #1, xx(i), yy(i) 

NEXTi 
CLOSE#l 
LOCATE 25, 65 
PRINT" 

RETURN 
" 

'****************************************** 
fscreen: 

LINE (40, 1)-(40, 460), 1 
LINE (40, 1)-(620, 1), 1 
LINE (620> 1)-(620, 460), 1 
LINE (40, 460)-(620> 460), 1 
PAINT (51, 2), 4, 1 

LOCATE 2, 32 
PRINT ''Basin Create mk. l 11 

LOCATE 4, 20 
INPUT ''F.nter watershed name: "; water$ 
LOCATE 6, 20 
INPUT ''Enter basin name: 11

; name$ 
RETURN 
'********************************************* 
escreen: 

CLS 
LINE (40, 1)-(40, 460), 1 
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LINE (40, 1)-(620, 1), 1 
LINE (620, 1)-(620, 460), 1 
LINE (40, 460)-(620, 460), 1 
PAINT (51, 2), 4, 1 

LOCA1E2, 20 
PRINT ''Watershed:"; water$ 
LOCA1E4, 20 
PRINT ''Basin: "; name$ 
LOCA1E6, 20 
PRINT ''No. ofblocks: "; total 
LOCA1E8, 20 
PRINT ''NtDDber ofhectares: "; total 
LOCAIB 10, 20 
PRINT ''NtDDber of square meters:"; (total* 100 /\ 2) 
LOCAIB 12, 20 
PRINT ''NtDDber of acres:"; (total/ 2.61) 
LOCAIB 18, 20 
PRINT ''Press e to exit'' 
WHILE mS <> "e" 

mS=lNKEYS 
WEND 

RETURN 
'*********************************************************** 
getborder: 

yz=0 
OPEN ''\model\files\" + sbS + ".bdr'' FOR INPUT AS #1 
WHILENOTEOF(l) 

INPUT #1, WW, qq 
yz=yz+ 1 

WEND 
CLOSE#! 
DIM bx!(l TO yz) 
DIMby!(l TOyz) 
DIM px!(l TO yz) 
DIM py!(l TO yz) 
OPEN ''\model\files\" + sbS + ".bdr'' FOR INPUT AS #1 
FORk= 1 TOyz 
INPlIT #1, bx!(k), by!(k) 

NEXTk 
CLOSE#l 

RETURN 
'*********************************************************** 
drawborder: 

FORk= 1 TOyz 
px!(k) = (bx!(k) * sl) 
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py!(k) = (by!(k) * sl) 

NEXTk-
GOSUB borderpost 

RETURN 
'********************************************* 
borderpost: 

FOR k = 1 TO yz - 1 
LINE (px!(k), py!(k))-(px!(k + 1), py!(k + 1)), 1 

NEXTk 
L1NE (px!(yz), py!(yz))-(px!(l), py!(l)), 1 

RETURN 
'*********************************************************** 
eraseborder: 

FOR k = 1 TO yz - 1 
LINE (px!(k), py!(k))-(px!(k + 1), py!(k + 1)), 4 

NEXTk 
LINE (px!(yz), py!(yz))-(px!(l), py!(l)), 4 

RETURN 
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Source Code for SOILADD mk. 1 

'************** Soil Add mk. 1 "***************** 
CLS 
SCREEN12 

'************ Get Input File ******************** 
OOSUBstart 
OOSUBgetdata 
OOSUB dlines 
OOSUB sidebar 
OOSUBpost 
OOSUB initvar 
OOSUB drawb 

WHlLE move$ <> "e" 
OOSUB t&tore 

ON KEY(13) OOSUB ri.@ht 
KEY(13) ON 
ON KEY(l2) OOSUB left 
KEY(12) ON 
ON KEY(l4) OOSUB down 
KEY(14)0N 
ON KEY(l l) GOSUB up 
KEY(ll)ON 
ONKEY(l) OOSUB sel 
KEY(l)ON 
ON KEY(2) GOSUB copy 
KEY(2)ON 
ON KEY(3) OOSUB fileout 
KEY(3)0N 
ON KEY(4) OOSUB edit 
KEY(4)0N 
moveS = INKEYS 

WEND 
RUN "MENU" 
END 
, ............................................... . 
start: 
LINE (200, 10)-(400, 10), 3 
LINE (200, 10)-(200, 40), 3 
LINE (200, 40)-(400, 40), 3 
LINE (400, 40)-(400, 10), 3 
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PAINT(205, 15), 1,3 
LOCATE 2, 31 
PRINT "Soil Add mk. 1" 
OPEN "'model\data\currentcon" FOR INPUT AS #1 
INPUf #1, sbS, aS 
CLOSE#! 

RETURN 
'**************************************** 

initvar: 
a=l 
b=l 
z=l 
xx= 1 
yy= 1 

RETURN 
'***************************************** 

sidebar: 
LINE (505, 1)-(505, 460), 4 
LINE (505, 1)-(620, 1), 4 
LINE (620, 1)-(620, 460), 4 
LINE (505, 460)-(620, 460), 4 
PAINT (510, 3), 4, 4 
LOCATE 2, 67 
PRINTnameS 
LOCATE4,67 
PRINT "up "; CHRS(24) 
LOCATE 5, 67 
PRINT "down "; CHR.$(25) 
LOCATE 6, 67 
PRINT "right "; CHR.$(26) 
LOCATE 7, 67 
PRINT "left "; CHR$(27) 
LOCATE 9, 65 
PRINT ''Fl Select'' 
LOCATE 11, 65 
PRINT ''F2 Copy'' 
LOCATE 13, 65 
PRINT ''F3 Save" 
LOCATE 15, 65 
PRINT ''F4 Edit'' 
LOCATE 18, 65 
PRINT "e Exit'' 

RETURN 
'************************************************* 
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dlines: 
CLS 
FOR i = 1 TO INT(500 / sl) * sl STEP sl 
LINE (i, 1)-(i, (INT(460 / sl) * sl) - sl), 7 

NEXTi 
FOR i = 1 TO INT(460 / sl) * sl STEP sl 
LINE (1, i)-((1NT(500 / sl) * sl) - sl, i); 7 

NEXTi 
RETURN 
'***********'"'************************************** 
getdata: 

IF aS = "n" 'IlIEN GOSUB fonew 
IF aS = "e" 'IlIEN GOSUB foedt 

INPUf #1, water$ 
INPUf #1, nameS 
INPUf # 1, sl 
INPUf # 1, fidS 
INPUf#l, bile 

DIM x(l TO bile) AS INTEGER 
DIM y(l TO bile) AS INTEGER 
DIM marlc(l TO bile) AS JNTEGER 
DIM nmnsoil(l TO blk) AS INTEGER 
DIM soil(l TO bile, 1 TO 4) AS STRING * 4 
DIM perc(l TO bile, 1 TO 4) AS INTEGER 
DIM slope(! TO bile, 1 TO 4) AS INTEGER 
DIM csoil(l TO bile, 1 TO 4) AS STRING* 4 
DIM cperc(l TO bile, 1 TO 4) AS INTEGER 
DIM ctar(l TO bile) 

IF fidS = "del" 1HEN GOSUB getdel 
IF fidS = "sol" 1HEN GOSUB getsol 
CLOSE#! 

RETURN 
'*********************************************** 
fonew: 

OPEN ''\model\data\" + sbS + ".del" FOR JNPUT AS #1 
RETURN 
'*********************************************** 
foedt: 

OPEN ''\model\data\" + sbS + ".sol" FOR INPUf AS #1 
RETURN 
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'*********************************************** 
getdel: 

FORi= 1 TOblk 
INPUT #1, x(i) 
INPUT #1, y(i) 
mark(i) = 0 

NEXTi 
RETURN 
'*********************************************** 
getsol: 

FORi= 1 TOblk 
INPUT #1, w, x(i), y(i) 
INPlIT #1, ntmlSoil(i) 
FORj = 1 TO nmnsoil(i) 

INPUT #1, soil(i,j), perc(i,j) 
NEXTj 
IF numsoil(i) <> 0 TIIEN mark(i) = 1 
IF nmnsoil(i) = 0 TIIEN mark(i) = 0 

NEXTi 
RETURN 
'*********************************************** 
post: 

FOR i = 1 TO blk 
a= ((x(i) - 1) * sl) + 1 
b = ((y(i) - 1) * sl) + 1 
IF marlc(i) = 1 TIIEN 

PAINT (a+ 1, b + 1 ), 1, 7 
ELSE 
PAINT(a+l,b+l),2, 7 

ENDIF 
NEXTi 

RETURN 
'************************************************ 
drawb: 
LINE (a, b )-(a+ sl, b ), 4 
LINE (a, b)-(a, b + sl), 4 
LINE (a, b + sl)-(a + sl, b + sl), 4 
LINE (a+ sl, b + sl)-(a + sl, b), 4 
LOCATE 25, 67 
PRINT "X = "; xx 
LOCATE 27, 67 
PRINT ''Y = "; yy 

RETURN 
'************************************************** 
eraseb: 
LINE (ta, tb)-(ta + sl, tb), 7 
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LINE (ta, tb )-(ta, tb + s1), 7 
LINE (ta, tb + s1)-(ta + s1, tb + sl), 7 
LINE (ta+ sl, tb + s1)-(ta + s1, tb), 7 

RETURN 
'************************************************** 
tstore: 
ta=a 
tb=b 

RETURN 
'************************************************** 
right: 

GOSUB tstore 
a=a+sl 
z=z+l 
xx= ((a- 1) / sl) + 1 
IF xx> INT(500 / sl) - 1 'IHEN GOSUB rlimit 
IF ta<> a TIIEN GOSUB eraseb 
IF tb <> b TIIEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'************************************************** 
left: 

GOSUBtstore 
a= a- sl 
z=z-1 
xx=((a-1) /sl)+ 1 
IF xx< 1 THEN GOSUB llimit 
IF ta<> a TIIEN GOSUB eraseb 
IF tb <> b TIIEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'************************************************** 
down: 

GOSUB tstore 
b=b + sl 
yy = ((b - 1) / sl) + 1 
z= z+ (INT(500 Isl) - 1) 
IF yy > INT( 460 / sl) - 1 TIIEN GOSUB dlimit 
IF ta<> a TIIEN GOSUB eraseb 
IF tb <> b THEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'*********************************************** 
up: 

GOSUBtstore 
b = b - sl 
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----

yy = ((b - 1) / sl) + 1 
z = z - (INT(500 Isl) - 1) 
IF yy < 1 THEN OOSUB ulimit 
IF ta<> a THEN OOSUB eraseb 
IF tb <> b THEN OOSUB eraseb 
OOSUBdrawb 

RETURN 
'***************************************************** 
rlimit: 

BEEP 
a= a- sl 
z=z-1 
xx=((a-1)/sl)+l 

RETURN 
'**************************************************** 
llimit: 
BEEP 
a=a+sl 
z=z+l 
xx= ((a- 1) / sl) + 1 

RETURN 
'**************************************************** 
dlimit: 
BEEP 
yy = ((b - 1) / sl) + 1 
z = z- (INT(500 Isl) - 1) 

RETURN 
'**************************************************** 
ulimit: 
BEEP 
b =b + sl 
yy=((b-1)/sl)+ 1 
z = z + (INT(500 / sl) - 1) 

RETURN 
'************************************************ 
sel: 
PAINT (a+ 1, b + 1), 1, 4 

FORi= 1 TOblk 
ck=0 
IF x(i) = xx TiiEN ck= ck+ 1 
IF y(i) = yy TiiEN ck = ck+ 1 
IF ck= 2 THEN blknum = i 

NEXTi 

OOSUB dataget 
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GOSUB refresh 
RETURN 
'********************************************** 
dataget: 

LINE (10, 100)-(450, 100), 6 
LINE (10, 100)-(10, 400), 6 
LINE (450, 100)-(450, 400), 6 
LINE (10, 400)-(450, 400), 6 
PAINT (111,111), 6, 6 

LOCA1E8,5 
PRINT ''Bock# "; bllmum 
LOCA1El0,5 
INPUT "Enter DUlllher of soil types:"; numsoil(bllamm) 
f=5 
FOR i = 1 TO numsoil(bllmmn) 

LOCATE12,f 
INPUI' "SS: "; soil(blknum, i) 
LOCATE 14,f 
INPUT"%:"; perc(bllamm, i) 
f=f+ 12 

NEXTi 
LOCA1E 18, 15 
PRINT ''Press e to Enter'' 
WHILE INKEYS <> "e" 
WEND 
maric(blkmun) = 1 

RETURN 
'************************************************ 
refresh: 

CLS 
cura = a: curb = b 
GOSUB dlines 
GOSUB sidebar 
GOSUBpost 
a= cura: b = cmb 
GOSUBdrawb 

RETURN 

'******************************************************************** 
copy: 

c=O 

GOSUB refresh 
GOSUB csidebar 
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WlilLE INKEYS <> "e" 
GOSUB tstore 

ON KEY(13) GOSUB right 
KEY(13) ON 
ONKEY(12) GOSUB left 
KEY(12)ON 
ONKEY(l4) GOSUB down 
KEY(14)ON 
ON KEY(ll) GOSUB up 
KEY(ll)ON 
ON KEY(l) GOSUB cmar1c 
KEY(l) ON 
ON KEY(2) GOSUB copyto 
KEY(2)ON 
ONKEY(3) GOSUB doc 
KEY(3) ON 

WEND 
GOSUB refresh 

RETURN 
'*************************************************** 
csidebar: 
LINE (505, 1)-(505, 460), 6 
LINE (505, 1)-(620, 1), 6 
LINE (620, 1)-(620, 460), 6 
LINE (505, 460)-(620, 460), 6 
PAINT (510, 2), 6, 6 
LOCATE 2, 67 
PRINTnameS 
LOCATE 4, 67 
PRINT "up "; CHRS(24) 
LOCATE 5, 67 
PR.INT "down "; CHR.$(25) 
LOCATE 6, 67 
PRINT "right "; CHR.$(26) 
LOCATE 7, 67 
PR.INT "left "; CHR.$(27) 
LOCATE 9, 65 
PRINT ''Fl Copy From" 
LOCATE 11, 65 
PRINT ''F2 Copy Too " 
LOCATE 13, 65 
PRINT ''F3 Copy " 
LOCATE 15, 65 
PRINT "e to end" 

RETURN 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
cmarlt: 
FOR i = 1 TO blk 
ck=0 
IF x(i) = xx TIIEN ck= ck+ 1 
IF y(i) = yy TIIEN ck= ck+ 1 
IF ck= 2 TIIEN blknum = i 

NEXTi 
sblock = blknum 
FORi= 1 TO4 

csoil(sblock, i) = soil(blknum, i) 
cperc(sblock, i) = perc(blknum, i) 

NEXTi 
CDUIDSOil = OlDDSOil(blknum) 
PAINT (a+ 1, b + 1), 5, 4 

RETURN 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 
copyto: 
FORi= 1 TOblk 
ck=0 
IF x(i) = xx TIIEN ck= ck+ 1 
IF y(i) = yy 1HEN ck= ck+ 1 
IF ck= 2 TIIEN blknum = i 

NEXTi 
c=c+l 
PAINT (a+ 1, b + 1), 14, 4 
ctar( C) = blknum 

RETURN 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 
doc: 
FORi= 1 TOc 
k= ctar(i) 
nmnsoil(k) = CDU1DSoil 
FORj= 1 TO4 

soil(k,j) = csoil(sblock,j) 
perc(k,j) = cperc(sblock,j) 

NEXTj 
mark(k)= 1 

NEXTi 
RETIJRN 
, ................................................................... . 
fileout: 

LINE (200, 200)-(200, 300), 4 
LINE (200, 200)-(400, 200), 4 
LINE (400, 200)-(400, 300), 4 
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LINE (200, 300)-(400, 300), 4 
PAINT(210,210),9,4 

LOCATE 14, 36 
PRINT "Save" 
LOCATE 18, 34 
PRINT "Saving"+ sbS + ".sol" 

OPEN' ''\model\data\" + sbS + ".sol" FOR OlITPlIT AS #1 
WRITE #1, water$ 
WRITE #1, name$ 
WRITE#l, sl 
WRITE #1, "sol" 
WRITE#l, blk 

FOR i = 1 TO blk 
WRITE #1, i, x(i), y(i) 
WRITE #1, DlDDSOil(i) 
FORj = 1 TO mn:nsoil(i) 

WRITE #1, soil(i, j), perc(i, j) 
NEXTj 

NEXTi 
CLOSE#l 
GOSUB refresh 

RETURN 
'********************************************************************** 
edit: 
FORi= 1 TOblk 
ck=0 
IFx(i) =xxTIIEN ck= ck+ 1 
IF y(i) = yy 1HEN ck= ck+ 1 
IF ck= 2 1lIEN blkman = i 

NEXfi 
GOSUB dispcon 
aosS = INKEYS 
WlilLE ansS <> "q" 

IF ansS = "e" TiiEN GOSUB changel 
IF ans$= "d" TiiEN GOSUB deletel 
IF ans$ = "~' 1HEN GOSUB addl 
ansS=INKEYS 

WEND 

GOSUB refresh 
RETURN 

dispcon: 
LINE (10, 100)-(450, 100), 9 
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LINE (10, 100)-(10, 400), 9 
LINE (450, 100)-(450, 400), 9 
LINE (10, 400)-(450, 400), 9 
PAINT (101, 101), 9, 9 

LOCATE8,4 
PRINT ''Block "; blknum 
LOCATE9,4 
PRINT "Soil # Sym % 11 

LOCATE 10,4 
PRINT''=============' 
FOR i = 1 TO mnnsoil(bllmmn) 

LOCATE 10 + i, 4 
PRINT i, soil(blknmn, i), perc(blknmn, i) 

NEXTi 
LOCATE 10 + i, 4 
PRINT''============== 
LOCATE 17,4 
PRINT "e = edit line d = delete line a= add line" 
LOCATE18,4 
PRINT " **** q = quit **** II 

RETURN 

chaogel: 
LOCA1E 19,4 
INPUT ''Enter line nmnber to change: "; In 
ssS = "" 

LOCA1E20,4 
INPUT ''Enter soil symbol:"; ssS 
LOCA1E21,4 
INPUT ''Enter% ofblock: "; pp 
IF pp = 0 TIIEN pp = perc(blknum, In) 
IF ssS <> "" THEN soil(blknum, In) = ssS 
IF pp <> perc(blknum, In) THEN perc(blknum, In) = pp 
GOSUB refresh 
GOSUB dispcon 

RETURN 

deletel: 
LOCA1El9,4 
INPUT ''Enter the nmnber of the line to delete: "; In 
z = nmnsoil(blknmn) - In 
FORt=l TOz 
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soil(blknum, In) = soil(blknum, 1n + 1) 
perc(blknum, In) = perc(blknum, In+ I) 
ln=ln+l 

NEXTt 
nmnsoil(blknum) = nmnsoil(bllanm) - I 
OOSUB refresh 
OOSUB dispcon 

RETURN 

addl: 
LOCATE 19,4 
g = numsoil(blknmn) + 1 
INPUT ''F.uter soil symbol:"; soil(bllanm, g) 
LOCATE20,4 
INPUT ''F.uter percent ofblock: "; perc(bllanm, g) 
nmnsoil(bllamm) = g 
GOSUB refresh 
OOSUB dispcon 

RETURN 
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Source Code for LUSEADD mk. 1 

••••••••••••••• Luse Add mk. 1 •••••••••••••••••** 
~ 

SCREEN12 

•••••••--••• Oet Input File •••••••••••••••••••• 

GOSUB start 
OOSUBgetda&a 
OOSUBdlines 
OOSUB sidebar 
GOSUBpost 
GOSUB initvar 
OOSUBdrawb 

WHILE move$ <> "e" 
OOSUBtatore 

ON KEY(13) OOSUB right 
KEY(13)0N 
ON KEY(l2) OOSUB left 
KEY(l2)0N 
ON KEY(l4) OOSUB down 
KEY(l4)0N 
ON KEY(l 1) OOSUB up 
KEY(ll)ON 
ON KEY(l) OOSUB sel 
KEY(l)ON 
ON KEY(2) OOSUB copy 
KEY(2)0N 
ON KEY(3) GOSUB fileout 
KEY(3)0N 
ON KEY(4) OOSUB edit 
KEY(4)ON 
moves= JNKEYS 

WEND 
RUN '"model\meou" 
END 
................................................. 
start: 
LINE (200, 10)-(400, 10), 3 
LINE (200, 10)-(200, 40), 3 
LINE (200, 40)-(400, 40), 3 
LINE (400, 40)-(400, 10), 3 
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PAINT(205, 15), 1,3 
LOCA1E2, 31 
PRINT ''Luse Add mk. l" 
OPEN ''\model\data\Ct.DTentcon" FOR INPUT AS #1 
INPUT #1, sbS, aS 
CLOSE#l 

RETURN 
'***************************************** 

initvar: 
a=l 
b=l 
z=l 
xx= 1 
yy= 1 

RETURN 

'**************************************** 
sidebar: 
LINE (505, 1)-(505, 460), 4 
LINE (505, 1)-(620, 1), 4 
LINE (620, 1)-(620, 460), 4 
LINE (505, 460)-(620, 460), 4 
PAINT(510,3),4,4 
LOCA1E2, 67 
PRINT name$ 
LOCA1E4,67 
PRINT ''up "; CHR$(24) 
LOCA1E5, 67 
PRINT "down "; CHR$(25) 
LOCA1E6, 67 
PRINT "right "; CHR.$(26) 
LOCA1E 7, 67 
PRINT "left "; CHR.$(27) 
LOCA1E9, 65 
PRINT ''Fl Select'' 
LOCA1E 11, 65 
PRINT ''F2 Copy'' 
LOCA1E 13, 65 
PRINT ''F3 Save" 
LOCA1E 15, 65 
PRINT ''F4 Edit'' 
LOCA1E 18, 65 
PRINT "e Exit'' 

RETURN 
'**************************************************** 

201 



dlines: 
CLS 
FOR i = 1 TO INT(500 I sl) * sl STEP sl 

LINE (i, 1)-(i, (INT(460 Isl)* sl) - sl), 7 
NEXTi 
FOR i = 1 TO 1NT(460 / sl) * sl STEP sl 

LINE (1, i)-((1NT(500 / sl) * sl) - sl, i), 7 
NEXTi 

RETURN 
'************************************************* 
getdata: 

IF a$ = "n" 1HEN GOSUB fonew 
IF aS = "e" 1HEN GOSUB foedt 
IF aS = "c" 1HEN GOSUB foedt 
INPUT #1, water$ 
INPUT#l, name$ 
INPUT#l, sl 
INPUT #1, fidS 
INPUT #1, blk 

DIM x(l TO blk) AS INTEGER 
DIM y(l TO blk) AS JNTEGER 
DIM mark(l TO blk) AS JNTEGER 
DIM luse(l TO blk) AS INTEGER 
DIM cluse(l TO blk) AS INTEGER 
DIM ctar(l TO blk) 

IF fidS = "lu" 1HEN GOSUB lusget 
IF fidS = "del" TIIEN GOSUB delget 
CLOSE#l 

RETURN 
'******************************************** 
fonew: 

OPEN ''\model\data\" + sbS + ".del" FOR INPUT AS #1 
RETURN 
'******************************************** 
foedt: 

OPEN ''\model\data\" + sbS + ".lus" FOR lNPUT AS #1 
RETURN 
'******************************************** 
delget: 

FOR i = 1 TO blk 
INPUT #1, x(i) 
INPUT #1, y(i) 
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mark(i) =0 
NEXTi 

RETURN 
'************************************************ 
lusget: 

FOR i = 1 TO blk 
INPUT #1,juok 
INPUT #1, x(i) 
INPUT #1, y(i) 
INPUT #1, luse(i) 
IF luse(i) <> 0 TIIEN mark(i) = 1 

NEXTi 
RETURN 
'*********************************************** 
bcouot: 

blk=0 
OPEN infileS FOR INPUI' AS #1 
INPUT #1, water$ 
INPlIT#l, name$ 
INPlIT #1, sl 
INPUT #1, fidS 

WHILE NOT EOF(l) 
INPUT #1, junk, x, y 
blk=blk+ 1 

WEND 
CLOSE#l 

RETURN 
'***************************************** 

post: 
FOR i = 1 TO blk 
a= ((x(i) - 1) * sl) + 1 
b = ((y(i) - 1) * sl) + 1 
IF mark(i) = 1 1HEN 

PAINT (a+ 1, b + 1 ), 1, 7 
ELSE 

PAINT (a+ 1, b + 1), 2, 7 
ENDIF 

NEXTi 
RETURN 
'********************************************** 
drawb: 
LINE (a, b)-(a + sl, b), 4 
LINE (a, b)-(a, b + sl), 4 
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LINE (a, b + sl)-(a + sl, b + sl), 4 
LINE (a+ sl, b + sl)-(a+ sl, b), 4 
LOCATE 25, 67 
PRINT "X = "; xx 
LOCATE 27, 67 
PRINT ''Y = "; yy 

RETURN 
'*********************************************** 
eraseb: 
LINE (ta, tb)-(ta + sl, tb), 7 
LINE (ta, tb)-(ta, tb + sl), 7 
LINE (ta, tb + s1)-(ta + sl, tb + sl). 7 
LINE (ta+ sl, tb + s1)-(ta + sl, tb), 7 

RETURN 
'******************************************** 
tstore: 
ta=a 
tb=b 

RETURN 
'******************************************** 
right: 

GOSUB tstore 
a=a+sl 
z=z+l 
xx= ((a- 1) / sl) + 1 
1F xx> INT(500 Isl) - 1 THEN GOSUB rlimit 
1F ta<> a 1HEN GOSUB eraseb 
1F tb <> b 1HEN GOSUB eraseb 
GOSUB drawb 

RETURN 
'************************************************ 
left: 
GOSUB tstore 
a= a- sl 
z=z-1 
xx= ((a - 1) / s1) + 1 
1F xx< 1 THEN GOSUB llimit 
1F ta<> a 1HEN GOSUB eraseb 
1F tb <> b 1HEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'********************************************** 
down: 
GOSUB tstore 
b=b + sl 
yy = ((b - 1) / sl) + 1 
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z = z + (JNT(500 / sl) - 1) 
:W yy > INT(460 / sl) - 1 1HEN GOSUB dlimit 
:W ta<> a TIIEN GOSUB eraseb 
IF tb <> b TIIEN GOSUB eraseb 
GOSUB drawb 

RETURN 
'********************************************** 
up: 

GOSUB tstore 
b=b-sl 
yy = ((b - 1) / sl) + 1 
z = z - (Nf(500 / sl) - 1) 
IF yy < 1 1HEN GOSUB ulimit 
:W ta<> a TIIEN GOSUB eraseb 
:W tb <> b TIIEN GOSUB eraseb 
GOSUBdrawb 

RETURN 
'********************************************* 
rlimit: 
BEEP 
a= a- sl 
z=z-1 
xx=((a-1)/sl)+ 1 

RETURN 
'****************************************** 
llimit: 
BEEP 
a=a+sl 
z=z+l 
xx= ((a- 1) / sl) + 1 

RETURN 
'******************************************* 
dlimit: 
BEEP 
yy = ((b - 1) / sl) + 1 
z = z - (Nf(500 I sl) - 1) 

RETURN 
'********************************************** 
ulimit: 
BEEP 
b =b + sl 
yy = ((b - 1) / sl) + 1 
z = z + (Nf(500 I sl) - 1) 

RETURN 
'*****•**************************************** 
sel: 

205 



---

PAINT (a+ 1, b + 1), 1, 4 

FORi= 1 TOblk 
ck=0 
IFx(i)=xx'IHEN ck= ck+ 1 
IFy(i) = yy 1HEN ck= ck+ 1 
IF ck= 2 TIIEN bllarum = i 

NEXTi 

GOSUB dataget 
GOSUB refresh 

RETURN 
'********************************************** 
dataget: 

LINE (10, 100)-(350, 100), 6 
LINE (10, 100)-(10, 200), 6 
LINE (350, 100)-(350, 200), 6 
LINE (10, 200)-(350, 200), 6 
PAINT (111, 111), 6, 6 

LOCATE 8, 5 
PRINT ''Bock # "; bllarum 
LOCATE 10, 5 
INPUT ''F.nter land use nmnber: "; luse(bllmum) 
LOCATE 12, 15 
PRINT ''Press e to :Enter'' 
'WHILE INKEYS <> "e" 
WEND 
mark(bllanm) = 1 

RETURN 
'************************************************* 
refresh: 

CLS 
cura = a: curb = b 
GOSUBdlines 
GOSUB sidebar 
GOSUBpost 
a= cura: b = curb 
GOSUBdrawb 

RETURN 

'******************************************************************** 
copy: 

c=0 

GOSUB refresh 
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GOSUB csidebar 

WHil..E INKEYS <> "e" 
GOSUBtstore 

ON KEY(13) GOSUB right 
KEY(l3)ON 
ON KEY(l2) GOSUB left 
KEY(l2)ON 
ON KEY(14) GOSUB down 
KEY(l4)ON 
ONKEY(ll) OOSUB up 
KEY(ll)ON 
ON KEY(l) GOSUB CIDBric 
KEY(l)ON 
ON KEY(2) GOSUB copyto 
KEY(2)ON 
ON KEY(3) GOSUB doc 
KEY(3)ON 

WEND 
GOSUB refresh 

RETURN 
'***************************************** 
csidebar: 
LINE (505, 1)-(505, 460), 6 
LINE (505, 1)-(620, I), 6 
LINE (620, 1)-(620, 460), 6 
LINE (505, 460)-(620, 460), 6 
PAINT (510, 2), 6, 6 
LOCATE 2, 67 
PRINTnameS 
WCATE4, 67 
PRINT "up "; CHR.$(24) 
LOCATE 5, 67 
PRINT "down "; CHR.$(25) 
LOCATE 6, 67 
PRINT "right "; CHR.$(26) 
WCATE7,67 
PRINT "left "; CHR.$(27) 
LOCATE 9, 65 
PRINT ''Fl Copy From" 
LOCATE 11, 65 
PRINT ''F2 Copy Too " 
LOCATE 13, 65 
PRINT ''F3 Copy " 
LOCATE 15, 65 
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PRINT "e to end" 
RETURN 
'**************************************** 
cmark: 
FOR i = 1 TO blk 

ck=0 
IFx(i)=xxTHEN ck= ck+ 1 
IF y(i) = yy THEN ck = ck+ 1 
IF ck= 2 THEN blkoum = i 

NEXTi 
sblock = blkoum 
cluse(sblock) = luse(blkoum) 
PAINT (a+ 1, b + 1), 5, 4 

RETURN 
'**************************************** 
copyto: 
FOR i = 1 TO blk 
ck=0 
IFx(i) =xx THEN ck= ck+ 1 
IFy(i) =yyTHEN ck= ck+ 1 
IF ck= 2 THEN blkoum = i 

NEXTi 
c=c+l 
PAINT (a+ 1, b + 1), 14, 4 
ctar( C) = blkoum 

RETURN 
'**************************************** 
doc: 
FORi=l TOc 
k = ctar(i) 
luse(k) = cluse(sblock) 
mark(k)= 1 

NEXTi 
RETURN 
'******************************************************************** 
fileout: 

LINE (200, 200)-(200, 350), 4 
LINE (200, 200)-(500, 200), 4 
LINE (500, 200)-(500, 350), 4 
LINE (200, 350)-(500, 350), 4 
PAINT(210,210),9,4 

LOCATE 14, 30 
PRINT "F6: To save 1D1der current name." 
LOCATE 15, 30 

208 



PRINT ''F7: To save llllder new name. 11 

LOCATE 16, 30 
PRINT II s: Save and return. 
WHILE INKEYS <> "s" 

ON KEY( 6) GOSUB kname 
KEY(6)ON 
ON KEY(7) GOSUB newn 
KEY(?) ON 

WEND 
LOCATE 20, 30 
PRINT "Saving " + sbS + ". lus" 

" 

OPEN ''\model\data\" + sbS + ".lus" FOR OUTPUT AS #1 
WRITE #1, water$ 
WRITE#l, name$ 
WRITE#l, sl 
WRITE #1, "lu" 
WRITE#l, blk 
FOR i = 1 TO blk 

WRITE #1, i, x(i), y(i) 
WRITE #1, luse(i) 

NEXTi 
CLOSE#l 
GOSUB refresh 

RETURN 
'********************************************************************** 
kname: 

IF aS = "c" 1HEN GOSUB newn 
RETURN 
'********************* 
newn: 

LOCATE 18, 30 
INPUT ''Name to save llllder: "; sh$ 

RETURN 
'*********************** 
edit: 
FORi= 1 TOblk 
ck=0 
IFx(i) =xxTIIEN ck= ck+ 1 
IFy(i) =yyTHEN ck= ck+ 1 
IF ck= 2 1HEN bl.knum = i 

NEXTi 
GOSUB dispcon 
ans$= INKEYS 
WHILE ans$ <> "q" 
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IF ans$= "e" TIIEN GOSUB chaogel 
ans$= INKEYS 

WEND 

GOSUB refresh 
RETURN 
'********************************************* 
dispcon: 
LINE (10, 100)-(280, 100), 9 
LINE (10, 100)-(10, 250), 9 
LINE (280, 100)-(280, 250), 9 
LINE (10, 250)-(280, 250), 9 
PAINT(l0l, 105),9,9 

LOCATE8,4 
PRINT ''Block "; blknmn 
WCATE9,4 
PRINT ''Landuse nmnber: "; luse(blknum) 
WCATEll,4 
PRINT "e = edit line q = quit'' 

RETURN 
'*********************************************** 

chaogel: 
LOCATE 13,4 
INPUT ''F.nter new landuse nmnber: "; lu 
IF Ju= 0 1HEN Ju= luse(blknmn) 
IF Ju<> luse(blknum) THEN luse(blknum) = Ju 
GOSUB refresh 
GOSUB dispcon 

RETURN 
'***************************************** 
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Source Code for CNCALCP1 mk. 1 

••••••--••••• cncalcpl ••••••••••••••••• 
ClS 
SCREEN 12 
OOSUBstart 
OOSUB getaol 
OOSUB stable 
GOSUBcorel 
OOSUB fileout 
RUN "'model\CNCALCP2" 
END 

...................................... 
start: 

LINE (200, 10)-(400, 10), 3 
LINE(200, 10)-(200,40),3 
UNE (200, 40)-(400, 40), 3 
LINE (400, 40)-(400, 10), 3 
P AlNT (20.5, 15), 1, 3 
LOCATE2,31 
PRINT "CN Cale mk. 1" 
LINE (150, 100)-(4.50, 100), 4 
LINE (150, 200)-(450, 200), 4 
lJNE (150, 100)-(150, 200), 4 
lJNE (450, 100)-(450, 200), 4 
PAINT (1.51, 101), 4, 4 
LOCATE 10, 20 
PRINT " Fl: Use current laod uae file." 
LOCATE 12, 20 
PRINT " F2: Change land use file. " 
LOCATE 14, 20 
PRINT " C : CODbllle. " 
WHILE INKEYS <> "c" 

ONKEY{l) OOSUB same 
KEY(l)ON 
ON KEY(2) GOSUB cfile 
KEY(2)0N 

WEND 
RETURN 
........................................ 
same: 
RETURN 
........................................ 
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getsol: 
OPEN ''\model\data.\currentcon" FOR INPUI' AS #1 
INPUI' #1, sbS 
CLOSE#l 
OPEN ''\model\data.\" + sbS + ".sol" FOR INPUf AS #1 

INPUf #1, water$ 
INPUT #1, name$ 
INPUf #1, sl 
INPUf #1, :fS 
INPUf #1, bllc 

DIM x(l TO blk) AS INTEGER 
DIM y(l TO blk) AS INTEGER 
DIM IDDDSoil(l TO blk) AS INTEGER 
DIM soil(l TO blk, 1 TO 4) AS STRING* 4 
DIM perc(l TO blk, 1 TO 4) AS INTEGER 
DIM slope( 1 TO blk, 1 TO 4) AS IN1EGER 
DIM hytype(l TO blk, 1 TO 4) AS INTEGER 

FOR i = 1 TO blk 
INPUT #1, g, x(i), y(i) 
INPUT #1, mmsoil(i) 
FORj = 1 TO DtDDSoil(i) 

INPUT#l, soil(i,j), perc(i,j) 
NEXTj 

NEXTi 
CLOSE#l 
RErURN 

'********************************************** 
stable: 

OPEN "/modeVfiles/mcsoil.lst'' FOR INPUf AS #1 
z=O 
WHILENOTEOF(l) 

INPUT #1, aS, bS, a, b 
z=z+l 

WEND 
CLOSE#l 
DIM sym(l TO z) AS S'IRING * 4 
DIM sp(l TO z) AS INTEGER 
DIM hy(l TO z) AS INTEGER 

OPEN "/modeVfiles/mcsoil.lst'' FOR INPUf AS #1 
FORi= 1 TOz 

INPUT #1, sym(i) 
INPUf#l, aS 
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INPlIT #1, sp(i) 
INPlIT #1, hy(i) 

NEXTi 
CLOSE#l 
RETIJRN 

'******************************************************** 
corel: 

FOR i = 1 TO blk 
GOSUB status 

FOR q = 1 TO nmnsoil(i) 
FORj= 1 TOz 

IF soil(i. q) = sym(j) THEN GOSUB add 
NEXTj 

NEXTq 
NEXTi 

RETIJRN 
'******************************************************** 
add: 

slope(i, q) = sp(j) 
hytype(i, q) = hy(j) 

RETURN 
'********************************************************* 
:fileout: 

OPEN ''\model\data\" + sh$ + ".sst'' FOR OUTPlIT AS #1 
WRITE #1, water$ 
WRITE #1, name$ 
WRITE#l, sl 
WRITE #1, "sst'' 
WRITE #1, blk 

FOR i = 1 TO blk 
WRITE #1, i, x(i), y(i) 
WRITE #1, DUD1Soil(i) 
FORj = 1 TO nmnsoil(i) 

WRITE #1, soil(i, j), perc(i, j), bytype(i, j), slope(i, j) 
NEXTj 

NEXTi 
CLOSE#l 

RETURN 
'************************************************* 

conout: 
OPEN ''\model\data\currentcon" FOR OUTPlIT AS #1 
WRITE#l, sbS 
CLOSE#l 

RETURN 
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'************************************************* 
status: 

LINE (150, 200)-(450, 200), 1 
LINE (150, 250)-(450, 250), 1 
LINE (150, 200)-(150, 250), 1 
LINE (450, 200)-(450, 250), 1 
PA1NT(160,210),l,l 
LOCATE 15, 23 
PRINT "Processing block: "; i 

RETURN 
'************************************************** 
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Source Code for CNCALCP2 mk. 1 

••••••••••• CN_Calc part 2 ••••"•••••••• 
CLS 
SCREEN12 
OOSUBluse 
OOSUBladd 
OOSUB lufout 
RUN "CNCALCP3" 
END ............................ 
luse: 

GOSUB getfile 
OOSUB getluf 
OPEN '"model\data\" + zS + ".lus" FOR INPlIT AS #1 
INPlIT #1, water$ 
INPlIT #1, 1111DeS 
INPlIT #1, 11 
INPlIT #1, ft 
INPUT #1, blk 
DIM lu(l TO blk) AS INTEGER 

FORi= 1 TOblk 
INPlIT #1, a, x, y 
INPlIT #1, lu(i) 

NEXTi 
CLOSE#l 

RETURN ............................. 
ladd: 

OPEN ''\model\data\" + sbS + ".sst'' FOR INPlIT AS #1 
OPEN "\model\data\" + zS + ".lss" FOR OUI'PUT AS #2 
crs 
INPUT#l, water$ 
INPUT #1, nameS 
INPUT#!, sl 
INPUT#l,1S 
INPUT #1, blk 

WRITE #2, water$ 
WRITE #2, nmneS 
WR.ITE#2, al 
WRITE #2, ''LSS" 
WRITE #2, blk 
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FOR i = 1 TO blk 
GOSUB status 
INPUT #1, a, x, y 
INPUT#l, ns 
WRITE #2, a, x, y 
WRITE#2,ns 
WRITE#2, lu(i) 
FORj = 1 TOns 

INPlIT #1, soil$, perc, hytype, slope 
WRITE #2, soil$, perc, hytype, slope 

NEXTj 
NEXTi 
CLOSE#l 
CLOSE#2 

RETURN 
'******"********************************* 
getfile: 

OPEN ''\model\data\current.con" FOR INPUT AS #1 
INPUT #1, sbS 
CLOSE#l 

RETURN 
'**************************************** 
status: 

LINE (150, 200)-(450, 200), 2 
LINE (150, 250)-(450, 250), 2 
LINE (150, 200)-(150, 250), 2 
LINE (450, 200)-(450, 250), 2 
PAINT (160,210), 2, 2 
LOCATE 15, 23 
PRINT ''Processing block: "; i 

RETURN 
'*************************************** 
getluf: 

zS=sbS 
LINE (100, 100)-(400, 100), 4 
LINE (100, 300)-(400, 300), 4 
LINE (100, 100)-(100, 300), 4 
LINE (400, 100)-(400, 300), 4 
PAINT(lOl,101),4,4 
LOCATE 8, 15: COLOR 11 
PRINT "Current landuse file:"+ sbS + ".LUS" 
LOCATE 11, 15: COLOR 2 
PRINT ''Fl: Change landuse file." 
LOCATE 16, 15: COLOR 1 
PRINT ''R: Rtm program. " 
WlilLE INKEYS <> "r'' 
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ONKEY(l) GOSUB change 
KEY(l)ON 

WEND 
RETURN 
'******************************************* 
change: 

LOCATE 13, 15: COLOR 6 
:INPUT ''File name: "; zS 

RETURN 
'******************************************* 
lufout: 

OPEN ''\model\data\luf con" FOR OUTPUT AS #1 
WRITE#l,zS 
CLOSE#l 

RETURN 
'****************************************** 
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Source Code for CNCALCP3 mk. 1 

,.•••• .... ••••••• cncalcp3 ••••••--•••••••••••••••••• 
CLS 
SCREEN 12 
OOSUB getfile 
OOSUB gettable 
OOSUBdetcn 
RUN "\model'meou" 
END 

, ......................................... . 
getfile: 

OPEN "'model\data\lut:con" FOR INPUf AS #1 
INPUf#l, sbS 
CLOSE#l 

RETURN 

........................................... 
gettable: 

DIM cn(l TO 81, 1 TO 4) AS INTEGER 
OPEN "model\files\camum.tbl" FOR INPUf AS #1 
DO WHILE NOTEOF(l) 

INPUf#l,j 
FORi= 1 T04 

JNPUr #1, cn(j, i) 
NEXri 

LOOP 
CLOSE#l 

RETURN 

, ......................................... . 
detcn: 

OPEN "'model\da&a\" + sbS + ".lss" FOR INPUf AS #1 
OPEN '"model\data\" + sbS + ".CDD." FOR OU'fPUf AS #2 
CLS 
DIM perc(l TO 4) AS INTEGFA 
DIM slope( 1 TO 4) AS INTEClER. 
DIM Wype(l TO 4) AS INIEOER 
DIM cnn(l TO 4) AS 1NTEC1ER 

INPlIT #1, water$ 
INPlIT #1, oameS 
INP1IT #1, al 
INPUI' #1, aS 
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INPUT #1, blk 

WRITE #2, water$ 
WRITE #2, names 
WRITE#2, sl 
WRITE #2, "CNN'' 
WRITE #2, blk 

FOR i = 1 TO blk 
GOSUB status 
INPUT #1, a, x, y 
INPUT#l, ns 
INPUT#l, lu 

FORj = 1 TOns 
INPUT #1, sS, percG), btypeG), slopeG) 
cmi(j) = cn(lu, btype(j)) 

NEXTj 
avcn=0 
avslope = 0 

FORj=l TOns 
avcn = avcn + (cmi(j) * perc(j)) 
avslope = avslope + (slope(j) * perc(j)) 

NEXTj 
avcn = avcn / 100 
avslope = avslope / 100 

WRITE #2, a, x, y, JNT(avcn), JNT(avslope) 
NEXTi 
CLOSE#l 
CLOSE#2 

RETURN 
'************************************************ 
status: 

LINE (150, 200)-(450, 200), 4 
LINE (150, 250)-(450, 250), 4 
LINE (150, 200)-(150, 250), 4 
LINE (450, 200)-(450, 250), 4 
PAINT(160,210),4,4 
LOCATE 15, 23 ' 
PRINT ''Processing block: "; i 

RETURN 
'************************************************ 
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-
Source Code for ROFF mk. 1 

'************* ROFF mk. 1 ******************* 
ClS 
SCREEN 12 
GOSUB getfile 
GOSUBmenu 
WHlLE JNKEYS <> "e" 

ON KEY( 1) GOSUB getrain 
KEY(l)ON 
ON KEY(2) GOSUB snm 
KEY(2) ON 
ON KEY(3) GOSUB gnm 
KEY(3)ON 

WEND 
RUN "\model\menu" 
END 

'*************************** 
menu: 

CLS 
xl =50 
x2= 600 
yl=20 
y2 =400 
c=2 
GOSUB dbox 
xl = 150 
x2 =450 
yl =20 
y2=60 
c=l 
GOSUB dbox 
LOCATE 3, 28 
PRINT "*** ROFF mk.1 ***" 
xl = 150 
x2 = 200 
yl =80 
y2= 370 
c=6 
GOSUB dbox 
WCAIB 7, 21 
PRINT Pl Fl " 
LOCAIB 10, 21 
PRINT " F2 Pl 

LOCAIB 16, 21 
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PRINT II F3 II 

LOCATE 22, 21 
PRINT II E" 

x1 =250 
x2= 550 
yl =80 
y2 =370 
c=4 
GOSUBdbox 
LOCATE 7, 35 
PRJNT ''Enter rainfall amotmt in inches. 11 

LOCATE 10, 35 
PRINT "Rm model with single amolDlt " 
LOCATE 11, 35 
PRINT "( Output wiil be used in iaier 11 

LOCATE 12, 35 
PRINT "modelling calculations). 
LOCATE 16, 35 

II 

PRINT ''Rlm model with a rainfall range 11 

LOCATE 17, 35 
PRINT "of0 to 6 inches and show a " 
LOCATE 18, 35 
PRINT "graph of the results. 
LOCATE 19, 35 

" 

PRINT ''Write output in ASCII .DAT file." 
LOCATE 22, 35 
PRJNT ''Exit program and return to main 11 

RETURN 
'*************************** 
dbox: 

LINE (xl, yl)-(x2, yl), c 
LINE (xl, y2)-(x2, y2), c 
LINE (xl, yl)-(xl, y2), c 
LINE (x2, yl)-(x2, y2), c 
PAINT (xl + 1, yl + 1), c, c 

RETURN 
'*************************** 
getfile: 

OPEN 1'\model\data\lut:con11 FOR JNPUT AS #1 
JNPUf #1, sbS 
CLOSE#! 
OPEN 1'\model\data\11 + sbS + 11.cnn" FOR JNPUT AS #1 
JNPlIT #1, waterS 
JNPlIT #1, name$ 
JNPUT#l, sl 
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INPUT#l, a$ 
INPUT #1, bile 

DIM x(l TO bile) AS lNTEGER 
DIM y(l TO bile) AS lNTEGER 
DIM cn(l TO bile) AS lNTEGER 
DIM slope(l TO bile) AS lNTEGER 
DIM q!(l TO bile) 

FOR i = 1 TO blk 
INPUT #1, a, x(i), y(i), cn(i), slope(i) 

NEXTi 
CLOSE#l 

RETIJRN 
'************************************** 
getrain: 

CLS 
xl = 100 
x2=400 
yl = 100 
y2=200 
c=3 
GOSUB dbox 
LOCATE 8, 16 
PRINT ''F.nter rainfall amotmt in inches." 
LOCATE 11, 16 
INPUT; rf 
GOSUBmenu 

RETURN 
'**************************************** 
snm: 

CLS 
xl = 100 
x2=350 
yl = 100 
y2 = 140 
c=4 
GOSUBdbox 
FOR i = 1 TO bile 

s = (1000 / cn(i)) - 10 
q(i) = ((rf - (.2 * s)) I\ 2) / (rf + (.8 * s)) 
LOCATE 8, 16 
PRINT ''Processing block: "; i 

NEXTi 
GOSUBbroff 
xl = 100 
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x2=500 
yl = 200 
y2=300 
c=2 
GOSUB dbox 
LOCATE 15, 16 
PRINT ''Total nmo:ff for model area= " 
LOCATE 15, 48: PRJNT USING''##.##''; avero.ff 
LOCATE 15, 54: PRINT "in." 
LOCATE 18, 16 
PRINT ''Hit e to exit'' 
WHILE JNKEYS <> "e" 
WEND 
GOSUB outfile 
GOSUBmenu 

RETURN 
'*********************************************** 

gnm: 
CLS 
DIM m!(l TO 60) 
DIM avrofo!(l TO 60) 
GOSUB axis 
z=l 
v=0 
FORr!=0TO 6 STEP .1 

FOR i = 1 TO blk 
s = (1000 / cn(i)) - 10 
q!(i) = ((r! - (.2 * s))" 2) / (r! + (.8 * s)) 
IFr! < .2 * s 1HEN q!(i) = O 

NEXTi 
GOSUB bro.ff 
IF v <> 0 TIIBN GOSUB post 
rt!= r! 
trofl = averoffl 
v=l 

NEXTr! 
GOSUB choice 
GOSUBmenu 

RETURN 

'********************************* 
broff: 

qt! =0 
FOR i = 1 TO blk 

qt! = qt! + q!(i) 
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NEXTi 
averoffl = qt! / bile 

RETURN 
'********************************* 
outfile: 

OPEN ''\model\data\" + sb$ + ".rof' FOR OUTPUT AS #1 
WRITE #1, water$ 
WRITE #1, name$ 
WRITE#!, s1 
WRITE #1, ''R.OF' 
WRITE#l,rf 
WRITE #1, averoffi 
WRITE#!, bile 
FOR i = 1 TO bile 

WRITE #1, i, x(i), y(i), slope(i), q!(i) 
NEXTi 
CLOSE#! 

RETURN 
'********************************* 
post: 

LINE (rt!, trofl)-(r!, averoffl), 4 
m!(z)=r! 
avrofo!(z) = averoffl 
z=z+l 

RETURN 
'*********************************** 
mas: 

SCREEN 12 
WINDOW (-1, -2)-(7, 5) 
LINE (0, 0)-(0, 4), 3 
LINE (0, 0)-(6, 0), 3 
FORi!=0TO3 

LINE (-.1, i!)-(0, i!), 3 
FORj! = .1 TO 1 STEP .1 

LINE (-.05, i! + j!)-(0, i! + j!), 1 
NEXTj! 

NEXTi! 
LINE (-.1, 4)-(0, 4), 3 
FORi! =OTO 5 

LINE (i!, -.1)-(i!, 0), 3 
FORj! = .1 TO 1 STEP .1 

LINE (H + j!, -.05)-(i! + j!, 0), 1 
NEXTj! 

NEXTi! 
LINE (6, -.1)-(6, 0), 3 
COLOR6 
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LOCATE 5, 6 
PRINT "4.0" 
LOCATE 9, 6 
PRINT "3. 0" 
LOCATE 13, 6 
PRINT "2. 0" 
LOCATE 18, 6 
PRINT "1.0" 
LOCATE 22, 6 
PRINT "0.0" 
LOCATE 23, 10 
PRINT "0.0" 
LOCATE 23, 20 
PRINT "1.0" 
LOCATE 23, 30 
PRINT "2. 0" 
LOCATE 23, 40 
PRINT "3.0" 
LOCATE 23, 50 
PRINT "4.0" 
LOCATE 23, 60 
PRINT "5.0" 
LOCATE 23, 70 
PRINT "6.0" 
COLOR2 
LOCATE 25, 30 
PRINT "24 hour rainfall (in.)" 
DIM ya(l TO 6) AS STRING* 1 
ya(l) = ''R": ya(2) = "u": ya(3) = "n": ya(4) = "o" 
ya(5) = ''f': ya( 6) = ''f' 
FORi= 1 T06 

LOCATE (i * 2) + 5, 3 
PRINTya(i) 

NEXTi 
COLOR 7 

RETURN 
'********************************************* 
choice: 

LOCATE 28, 10 
PRINT "<Fl> save results to file <e> to exit <Pmt Ser> hardcopy'' 
WHILE lNKEYS <> "e" 

ON KEY(l) GOSUB gout 
KEY(l) ON 

WEND 
RETURN 
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'********************************************* 
gout: 

LOCA1E30,5 
INPUT ''F.uter name of datafile: "; dfS 
LOCAIB 30, 40 
PRINT "Saving "; dfS; ". dat'' 
OPEN ''\model\data\" + dfS + ".dat'' FOR OUTPUT AS #1 
FORi= 1 TO 60 
WRITE #1, m!(i), avrofo!(i) 

NEXTi 
CLOSE#! 

RE11JRN 
'********************************************** 
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Source Code for TIMECON mk. 1 

••••••• 11MECON.BAS •**•***"• 
CLS 
SCREEN12 
OOSUBgetdala 
OOSUB getatr 
OOSUBgetbdr 
GOSUB gettopo 
OOSUBdrawb 
OOSUBtopocnw 
OOSUB strchw 
OOSUB bcrdraw 
GOSUB lidebar 
n= 100: yy= 100 
jpot=O 
GOSUB c:roabair 

WHILE lNKEYS <> "e" 
ON KEY(13) OOSUB right 
KEY(13)ON 
ON KEY(12) OOSUB left 
KEY(l2)ON 
ON KEY(14) OOSUB down 
KEY(14)0N 
ON KEY(ll) GOSUB up 
KEY(ll)ON 
ONKEY(l) OOSUB selip 
KEY(l)ON 
ON KEY(2) GOSUB selsp 
KEY(2)ON 
ON KEY(3) OOSUB CBDSel 
KEY(3)ON 
ON KEY(8) GOSUB outfile 
KEY(8)ON 

WEND 
RUN •'\model\meou" 
END 
............................................................... 
•••"***••••••••• CROSSHAIR CONI'R.OL ••••••••*********•**•••••••• ............................................................... 
croabair: 

LINE (xx - 20, yy)-(xx + 20, yy), 13 
LINE (xx, yy - 20)-(xx, yy + 20), 13 
IF jpnt = 1 THEN GOSUB padll 
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RETURN 
'**************************************************** 
pathl: 

LINE (up!, fyp!)-(xx, yy), 6 
RETURN 
'**************************************************** 
rpathl: 

IF ipnt = 0 TIIEN RETURN 
LINE (up!, fyp!)-(xx, yy), 0 

RETURN 
'**************************************************** 
rcrossbair: 

LINE (xx - 20, yy)-(xx + 20, yy), 0 
LINE (xx, yy - 20)-(xx, yy + 20), 0 
GOSUBdrawb 
GOSUB strpost 
GOSUB topopost 

RETURN 
'**************************************************** 
right: 

GOSUB rcrosshair 
GOSUB rpathl 
xx=xx+ 5 
GOSUB crossbair 

RETURN 
'**************************************************** 
left: 

GOSUB rcrosshair 
GOSUB rpathl 
xx=xx-.5 
GOSUB crosshair 

RETURN 
'**************************************************** 
up: 

GOSUB rcrosshair 
GOSUB rpathl 
yy=yy-5 
GOSUB crosshair 

RETURN 
'**************************************************** 
down: 

GOSUBrcrosshair 
GOSUB rpathl 
yy=yy+ 5 
GOSUB crosshair 

RETURN 

228 



'**************************************************** 
seUp: 

ftp! =xx 
fyp! =yy 
jpnt= 1 

RETURN 
'**************************************************** 
selsp: 

sxp! =xx 
syp! =yy 
jpnt= 0 
OOSUB calctt 
GOSUB pullout 
GOSUB insidebar 
IF length< 300 THEN GOSUB short 
IF length= 300 THEN GOSUB short 
IF length > 300 THEN GOSUB normal 

RETURN 
'**************************************************** 
cansel: 

GOSUB rpathl 
fi>ot= 0 

RETURN 
'******************************************************************* 
'******************************************************************* 
sidebar: 

LINE (505, 1)-(505, 460), 3 
LINE (505, 1)-(620, 1), 3 
LINE (620, 1)-(620, 460), 3 
LINE (505, 460)-(620, 460), 3 
PAINT (510, 3), 3, 3 
LOCATE2,66 
PRINT ''TIMECON MKl" 
LOCATE 4, 67 
PRINT "up "; CHR.$(24) 
LOCATE6,67 
PRINT "down "; CHR.$(25) 
LOCATES, 67 
PRINT "right "; CHR.$(26) 
LOCATE 10, 67 
PRINT "left "; CHR.$(27) 
LOCATE 15, 65 
PRINT ''Fl 1st point'' 
LOCATE 17, 65 
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PRINT ''F2 2nd point'' 
LOCATE 19, 65 
PRINT ''F3 Cancel" 
LOCATE 25, 65 
PRINT "e To Exit'' 

RETURN 
'************************************************************ 
insidebar: 

LINE (505, 1)-(505, 460), 2 
LINE (505, 1)-(660, 1), 2 
LINE (660, 1)-(660, 460), 2 
L1NE c,o,, 460)-(660, 460), 2 
PAINT(510,3),2,2 
LOCATE2,66 
PRINT ''Variables" 
LOCATE 7, 65 
PRINT "Cross-sectional" 
LOCATE 8, 65 
PRINT "flow area ft"2 " 
LOCATE 9, 65 
JNPUf area! 
LOCATE 11, 65 
PRJNT ''Wetted perimeter'' 
LOCATE 12, 65 
JNPUT ''fl"; wp! 
LOCATE 14, 65 
PRJNT "Charm.el slope " 
LOCATE 15, 65 
JNPUf ''ft/ft"; cslope! 
LOCATE 17, 65 
PRJNT ''M aoning'i; coef" 
LOCATE 18, 65 
PRINT ''for cbarmel" 
LOCATE 19, 65 
INPUT man! 

RETURN 
'************************************************************ 
'**************** GET INPUf FITE **************************** 
'************************************************************ 
getdata: 

OPEN ''\model\data\luf:con" FOR INPUT AS #1 
INPUf #1, luS 
CLOSE#l 
OPEN ''\model\data\" + luS + ".rof' FOR INPUT AS #1 
INPUT #1, water$ 
INPUf #1, name$ 
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INPUT #1, sl 
INPUT#l,fS 
INPUT#l, r 
INPUT#l, q 
INPUT #1, blk 

DIM x(l TO blk) AS INTEGER 
DIM y(l TO blk) AS INTEGER 
DIM slope( 1 TO blk) AS INTEGER 

FOR i = 1 TO blk 
INPUT #1, a, x(i), y(i), slope(i), l! 

NEXTi 
CLOSE#l 
OPEN ''\model\data\" + luS + ".lus" FOR INPUT AS #1 
INPUT #1, water$ 
INPUf #1, nameS 
INPUT#!, a 
INPUT#l,fS 
INPUT #1, blk 
DIM luse(l TO blk) AS INTEGER 
FORi= 1 TOblk 

INPUf #1, a, a, a, luse(i) 
NEXTi 
CLOSE#l 
'************** Get Rainfall **************** 
OPEN ''\model\data\" + luS + ".rof' FOR INPUT AS #1 
INPUT #1, water$ 
INPUf #1, name$ 
INPUf #1, a 
INPUT#l,fS 
INPUT#l, p! 
CLOSE#l 

RETURN 
'************************************************************ 
'************ GET STREAM *********************************** 
'************************************************************ 
getstr: 

OPEN ''\model\data\current.con" FOR INPUT AS #1 
INPUf #1, sbS 

CLOSE#l 
OPEN ''\model\files\" +sh$+ ".str'' FOR INPUf AS #1 
z.z= 0 
WHILE NOT EOF(l) 

INPUT #1, WW, qq 
z.z=z.z+ 1 



WEND 
CLOSE#l 

DJM sx!(l TO zz) 
DJM sy!(l TO zz) 
OPEN ''\model\files\" + sbS + ".str'' FOR INPUT AS #1 
FORi= 1 TO zz 

INPUf #1, sx!(i), sy!(i) 
NEXTi 
CLOSE#l 

REI1JRN 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'************ GET BORDER ************************************ 
'************************************************************ 
getbdr: 

yz=0 
OPEN ''\model\files\" +sh$+ ".bdr" FOR INPUf AS #1 
WHILENOTEOF(l) 

INPUT #1, WW, qq 
yz=yz+ 1 

WEND 
CLOSE#l 

DJM bx!(l TO yz) 
DIM by!(l TO yz) 
OPEN ''\model\files\" + sbS + ".bdr'' FOR INPUT AS #1 
FORi= 1 TOyz 

INPUT #1, bx!(i), by!(i) 
NEXTi 
CLOSE#l 

REI1JRN 
'*********************************************************** 
gettopo: 

tz=0 
OPEN ''\model\files\" + sbS + ".tpo" FOR INPUT AS #1 
WHILE NOT EOF(l) 

INPUT #1, WW, qq 
tz=tz+ 1 

WEND 
CLOSE#l 

DIM tx!(l TO tz) 
DIM ty!(l TO tz) 
OPEN ''\model\files\" + sbS + ".tpo" FOR INPUT AS #1 
FORi= 1 TOtz 

INPlIT #1, tx!(i), ty!(i) 
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NEXTi 
CLOSE#l 

RETURN 

'************************************************************ 
'************ DRAW BASIN *********************************** 
'************************************************************ 
drawb: 

FOR i = 1 TO blk 
xi= x(i) * sl 
yl =y(i) * sl 
LINE (xi, yl)-(xl + sl, yl), 1, 
LINE (xi, yl + sl)-(xl + sl, yl + sl), 15 
LINE (xi, yl)-(xl, yl + sl), 15 
LINE (xi+ sl, yl)-(xl + sl, yl + sl), 15 

NEXTi 
RETURN 
'************************************************************* 
strdraw: 

FORi= 1 TOzz 
sx!(i) = (sx!(i) * sl) + sl 
sy!(i) = (sy!(i) * sl) + sl 

NEXTi 
OOSUB strpost 

RETURN 
'************************************ 
stq,ost: 

FORi= 1 TOzz-1 
LINE (sx!(i), sy!(i))-(sx!(i + 1), sy!(i + 1)), 1 

NEXTi 
RETURN 
'************************************************************* 
bdrdraw: 

FORi= 1 TOyz 
bx!(i) = (bx!(i) * sl) + sl 
by!(i) = (by!(i) * sl) + sl 

NEXTi 
GOSUB bdrpost 

RETURN 
'************************************ 
bdrpost: 

FOR i = 1 TO yz - 1 
LINE (bx!(i), by!(i))-(bx!(i + 1), by!(i + 1)), 4 

NEXTi 
LINE (bx!(yz), by!(yz))-(bx!(l), by!(l)), 4 

RETURN 
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'************************************************************* 
topodraw: 

FORi= 1 TOtz 
IFtx(i) = 0 THEN i = i + 1 
tx!(i) = (tx!(i) * sl) + sl 
ty!(i) = (ty!(i) * sl) + sl 

NEXTi 
GOSUB topopost 

RETURN 
'************************************************************** 
topopost: 

FORi=2TOtz- l 
IF tx!(i + 1) <> 0 THEN GOSUB tdraw 
IF tx!(i + 1) = 0 THEN i = i + 2 

NEXTi 
i =tz 
GOSUBtdraw 

RETURN 
'****************************** 
tdraw: 

LINE (tx!(i), ty!(i))-(tx!(i -1), ty!(i - 1)), 2 
RETURN 
'************************************************************* 
'***********CALCULATIONS************************************ 
'************************************************************* 
ealleng1h: 

xe = ABS(fxp! - sxp!) 
ye= ABS(fyp! - syp!) 
leng1hl = SQR(xe " 2 + ye /\ 2) 
length= (leng1hl Isl)* 100 
length= length/ .3048 

RETURN 
'******************************************** 
'*******Calculate travel time *************** 
'*********************************'*********** 
ealett: 

GOSUB callength 
GOSUB strlength 

RETURN 
'******************************************* 
strlength: 

FOR i = 1 TO :zz - 1 
IF sxp! > sx!(i) AND sxp! < sx!(i + 1) THEN sint = i 
IF sxp! = sx!(i) THEN sint = i - 1 'remove line 

NEXTi 
IF sint = 0 1HEN sint = 1 
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xc! = ABS(sxp! - sx!(sint)) 
ye! = ABS(syp! - sy!(sint)) 
slength! = SQR((xc!) /\ 2 +(ye!)/\ 2) 
FOR i = sint TO zz - 1 

xc! = ABS(sx!(i) - sx!(i + 1)) 
ye!= ABS(sy!(i) - sy!(i + 1)) 
slengtb! = slengtb! + SQR((xc!) /\ 2 + (ye!) /\ 2) 

NEXTi 
slengtb! = (slength! / sl) * 100 
sleogth! = sleogth! / .3048 

RETURN 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
'************* PUILOlIT ************************************** 
'************************************************************ 
pullout: 

GOSUB getblk 
GOSUB consolp 
DIM xp!(l TO count+ 2) 
DIM yp!(l TO count+ 2) 
IF (starty- endy) < 0 THEN GOSUB bptyl 
IF (starty - endy) > 0 THEN GOSUB bpty2 
IF (stmtx - endx) < 0 1HEN GOSUB bptxl 
IF (startx - endx) > 0 THEN GOSUB bptx2 
IF starty > endy THEN GOSUB sortp 
IF starty < endy THEN GOSUB sortn 
GOSUB lencalc 

RETURN 
'************************************************* 
getblk: 

stmtx! =&p! 
starty! = fyp! 
endx! =sxp! 
endy! = syp! 
numpts = INT(leogthl / (sl / 20)) 

DIM sss!(l TO (nmnpts + 2)) 
DIM ttt!(l TO numpts + 2) 
DIM blkn(l TO numpts + 2) 
GOSUBbatill 

FORj = 1 TO numpts + 2 
tx! = sss!G) 
ty! = ttt!G) 
GOSUB findblk 
blknG) = block 

NEXTj 
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RETURN 
'***************************************************************** 
findblk: 

blx=0 
bly=0 
i = 1 

WHILEblx=0 
IF tx! >= x(i) * sl AND tx! <= ((x(i) * sl) + sl) TIIEN blx = x(i) 
i=i+l 

WEND 
i=l 
WHILEbly=0 

IF ty! >= y(i) * sl AND ty! <= ((y(i) * sl) + sl) 1HEN bly = y(i) 
i=i+l 

WEND 
FORi= 1 TOblk 

IF x(i) = blx AND y(i) = bly 1HEN block= i 
NEXTi 

RETURN 
'************************************************************************ 
bafill: 

delx! = (stanx- endx) / nmnpts 
dely! = (starty - endy) / nmnpts 

sss!(l) = stal1x 
ttt!(l) = starty 
sss!(numpts + 2) = endx 
tttf (nmnpts + 2) = endy 

FOR i = 2 TO numpts + 1 
sss!(i) = sss!(i - 1) - deb:! 
tttf(i) = ut!(i - 1) - dely! 

NEXTi 
RETURN 
'*********************************************************************** 
consolp: 

count= 1 
FORi= 1 TOnmnpts-1 

IF bllm(i) <> bllm(i + I) 1HEN COlDlt = COlDlt + 1 
NEXTi 

IF bllm(nmopts) <> bllm(nmopts - 1) THEN count = count + 1 

DIM blkt(l TO colDlt) 
DIM blklen!(l TO count) 
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DJM btx!(l TO count) 
DJM bty!(l TO count) 
k=2 
hold= 1 
FOR i = 2 TO numpts - 1 

IF bllm(i) = bllm(hold) THEN GOSUB dmmny 
IF bllm(i) <> bllm(hold) THEN GOSUB place 
IFbllm(i) =bllm(munpts) THEN GOSUB dmmny 

NEXTi 
GOSUB placeend 

RETURN 
•••••••••••••••••••••••••••••••••••••••••••••••• 
dmmny: 
RETURN 
'**"******************************************** 
place: 

blkt(k) = bllm(i) 
bbd(k) = sss!(i) 
bty!(k) = ttt!(i) 
k=k+l 
hold=i 

RETURN 
'************************************************ 
placeend: 

blkt(l) = bllm(l) 
btx!(l) = sss!(l) 
bty!(l) = ttt!(l) 
blkt!(cotmt) = bllm(numpts) 
btx!(count) = sss!(numpts) 
bty!(count) = ttt!(numpts) 

RETURN 
'**************************************************************** 
bptyl: 

r! = (startx - endx) / (starty - endy) 
yp!(l) = starty 
xp!(l) = startx 
dy! = (((y(blkt(l)) * sl) + sl) - starty) 
dx! =r! * dy! 
yp!(2) = yp!(l) + dy! 
xp!(2) = xp!(l) + dx! 
j=3 
WHILE ABS(yp!(j - 1) - endy) > sl 

yp!(j) = yp!(j - 1) + sl 
dy! =sl 
dx! =r! * dy! 
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xp!(j) =x(j - I)+ dx 
j =j + 1 

WEND 
yp!(j) = endy 
xp!(j) = endx 

RETURN 
'************************************************** 
bptxl: 
'Find x intercepts 
j =j+ 1 
IF (starty - endy) = 0 THEN j = 2 
IF cotmt= 1 TIIENj =3 
dx! = ((x(blkt(l)) * sl) + sl) - startx 
IF (starty - endy) = 0 THEN r! = 1 
dy! = dx:! / r! 
IF (starty - endy) = 0 THEN dy! = 0 
xp!(j) = startx + dx! 
yp!(j) = starty + dy! 
j =j+ 1 
WHILE ABS(xp!(j - 1) - endx) > sl 

xp!(j) = xp!(j - 1) + sl 
dx! =sl 
dy! = dx:! / r! 
IF (starty - endy) = 0 THEN dy! = 0 
yp!(j) = yp!(j - 1) + dy! 
j =j + 1 

WEND 
j = j -1 

RETURN 
'************************************************ 
bpty2: 

r! = (startx- endx) / (starty- endy) 
yp!(l) = starty 
xp!(l) = startx 
dy! = (starty - (y(blkt(l)) * sl)) 
dx! =r! * dy! 
yp!(2) =yp!(l) - dy! 
xp!(2) = xp!(l) - dx! 
j=3 
WHILEABS(yp!(j -1)- endy) > sl 

yp!(j) = yp!(j - 1) - sl 
dy! = sl 
dx! =r! * dy! 
xp!(j) = x(j - 1) + dx 
j =j + 1 

WEND 
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yp!G) = endy 
xp!G)=endx 

RETURN 
'************************************************* 
bptx2: 
'Find x intercepts 
j=j + 1 
IF (starty- endy) = 0 THEN j = 2 
IF count= 1 THENj = 3 
dx! = startx - ((x(blkt(l)) * sl)) 
IF (starty - endy) = 0 THEN r! = 1 
dy! = dx! /r! 
IF (starty - endy) = 0 THEN dy! = 0 
xp!G) = startx - dx! 
yp!G) = starty - dy! 
j=j + 1 
WHILE ABS(xp!G - 1) - endx) > sl 
xp!G) = xp!G - 1) - sl 
dx! = sl 
dy! = dx! /r! 
IF (starty - endy) = O THEN dy! = 0 
yp!G) = yp!G - 1) + dy! 
j =j + 1 

WEND 
j = j -1 

RETURN 
'************************************************** 
sortp: 

FORi=l TOj 
FORk= 1 TOj 

IF yp!(k) < yp!(i) THEN GOSUB exchange 
NEXTk 

NEXTi 
RETURN 
'******************************** 
sortn: 

FORi=l TOj 
FORk= 1 TOj 

IF yp!(k) > yp!(i) THEN GOSUB exchange 
NEXTk 

NEXTi 
RETURN 
'******************************* 
excbaoge: 

ytemp! = yp!(i) 
xtemp! = xp!(i) 



yp!(i) = yp!(k) 
xp!(i) = xp!(k) 
yp!(k) = ytemp! 
xp!(k) = xtemp! 

RETURN 
'************************************************************ 
lencalc: 

FOR i = 1 TO comrt 
blklen!(i) = SQR((yp!(i) - yp!(i + 1))" 2 + (xp!(i) - xp!(i + 1))" 2) 
blklen!(i) = (blklen!(i) / sl) * 100 
blklen!(i) = blklen!(i) / .3048 

NEXTi 
RETURN 
'************************************************************* 
'************************************************************* 
short: 

GOSUB sheetwashs 
GOSUBchauflow 
GOSUB outscreen 

RETURN 
'************************************************************* 
normal: 

GOSUB sheetwash 
OOSUB shallowcon 
OOSUBchantlow 
GOSUB outscreen 

RETURN 
'******************************************* 
sheetwash: 

i = 1 
swl! =O 
WIIlLE swl! < 300 

swl! = swl! + blklen!(i) 
i=i+l 

WEND 
i = i - 1 
swt! =0 
FORj = 1 TO i - 1 

GOSUBgetn 
fl! = blklen!(j) 
GOSUB swcalc 
swt! = swt! + tt! 

NEXTj 
J = 1 

GOSUBgetn 
fl! = blklen!(j) - (swl! - 300) 
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GOSUB swcalc 
swt! = swt! + tt! 

RETURN 
'*************************************************************** 
sheetwashs: 

swt!=0 
FORj = 1 TO cotmt 

GOSUBgetn 
fl! = blklen!(j) 
GOSUB swcalc 
swt! = swt! + tt! 

NEXTj 
RETURN 
'***************************************************************** 
getn: 

IF luse(blkt(j)) < 4 1HEN n = .24 
IF luse(blkt(j)) > 3 AND luse(blkt(j)) < 13 TIIEN n! = .011 
IF luse(blkt(j)) > 12 AND luse(blkt(j)) < 19 TIIEN n! = .24 
IF luse(blkt(j)) > 18 AND luse(blkt(j)) < 23 TilEN n! = .05 
IF 1use(blkt(j)) > 22 AND luse(bllrt(j)) < 53 TIIEN n! = .17 
IF luse(blkt(j)) > 52 AND luse(blkt(j)) < 601HEN n! = .15 
IF luse(blkt(j)) > 59 AND luse(blkt(j)) < 63 1HEN n! = .4 
IF luse(blkt(j)) > 62 AND luse(blkt(j)) < 66 1HEN n! = .8 
IF luse(blkt(j)) = 66 TIIEN n! = .011 

RETURN 
'*************************************************************** 
swcalc: 

s! = slope(blkt(j)) / 100 
tt! = (.007 • (n! • fl!) 11. .8) / (p! 11. .5 * s! 11. .04) 

RETURN 
'*************************************************************** 
'*************************************************************** 
shallowcon: 

sft! = 0 
fl! = blklen!(j) - fl! 
GOSUB shallowcalc 
sft! = sft! + tt! 
FOR i = j + 1 TO cotmt 

fl! = blklen!(i) 
GOSUB sballowcalc 
sft! = sft! + tt! 

NEXTi 
RETURN 
'************************************************************** 
shallowcalc: 

s! = slope(blkt(i)) / 100 
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vup! = -42878.5 * s! "6 + 55204.9 * s! " 5 - 27068 * s! "4 
vup! = vup! + 6599.84 * s! A 3 - 890.441 * s! /\ 2 + 88.4938 * s! 
vup! = vup! + . 757359 
tt! = fl! / (3600 * vup!) 

RETURN 
'************************************************************** 
chaoflow: 

hr! = area! / wp! 
sv! = (1.49 * hr! ".66667 * cslope! /\ .5) / man! 
set! = slength! / (3600 * sv!) 

RETURN 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
outscreen: 

CLS 
SCREEN9 
LINE (10, 5)-(625, 5), 3 
LINE (10, 5)-(10, 500), 3 
LINE (10, 500)-(625, 500), 3 
LINE (625, 5)-(625, 500), 3 
PAINT(l5,15),3,3 
LOCATE 2, 15 
COWR 1, 3 
PRINT "********* Timecon Mkl Output **********" 
LOCATE 4, 10 
COWR4 
PRINT "SHEEIW ASH" 
LOCATE 6, 10 
swl! = 300 
IF length< 300 THEN swl ! = length 
COWRl 
PRINT ''Flow length:" 
LOCATE 7, 10: PRINT ''Travel time:" 
LOCATE 8, 10: PRINT "Ave. Velocity:" 
LOCATE 6, 26: PRINT USING ''###-:/#/!'; swl! 
LOCATE 7, 27: PRINT USING"##.##''; swt! 
LOCATE 8, 25: PRINT USING''####.##''; swl / swt! 
WCATE 6, 33: PRINT "fl" 
WCATE 7, 33: PRINT"br." 
LOCATE 8, 33: PRINT ''ft/hr'' 
u= 10 
IF length> 300 THEN GOSUB outscf 
COLOR4 
LOCATE u, 10: PRINT "OPEN CHANNEL FLOW'' 
COLOR 1 
LOCATE u + 2, 10: PRINT ''Flow length:" 
LOCATE u + 3, 10: PRINT ''Travel time:" 
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LOCATE u + 4, 10: PRINT "Ave. Velocity:" 
LOCATE u + 2, 24: PRINT USJNG ''#####.##''; slength! 
LOCATE u + 3, 27: PRINT USJNG ''"##:.##''; set! 
Loc,A'TE +4 25 PRJNTUSJNG"1''#'UU~ll'I' 1 n~I/ ti - U , : ,h hnhd ; S e&.16W. SC . 

LOCATE u + 2, 33: PRINT "ft" 
LOCATE u + 3, 33: PRINT ''hr." 
LOCATE u + 4, 33: PRINT "ft/hr'' 
u=u+6 
COLOR4 
LOCATE 22, 10: PRINT ''TIME OF CONCENTRATION:"; 
COLOR 1 
LOCATE 22, 34: PRINT USJNG •~.##''; set! + swt! + sft! 
LOCATE 22, 42: PRINT ''hr." 
COLOR6 
LOCATE 24, 10 
PRINT ''F8: Save results to file e: to end" 

RETIJRN 
'**************************************************************** 
outscf 

COLOR4 
LOCATE u, 10: PRINT "SH.ALLOW CONCENTRATED FLOW'' 
COLORl 
LOCATE u + 2, 10: PRINT ''Flow Length:" 
LOCATE u + 3, 10: PRINT ''Travel time:" 
LOCATE u + 4, 10: PRINT "Ave. Velocity:" 
LOCATE u + 2, 24: PRINT USING ''#####.##''; length - 300 
LOCATE u + 3, 27: PRINT USJNG ''"##:.##''; sft! 
LOCATE u + 4, 25: PRINT USJNG ''"##:##.##''; (length - 300) / sft! 
LOCATE u + 2, 33: PRINT ''fl" 
LOCATE u + 3, 33: PRINT ''hr." 
LOCATE u + 4, 33: PRINT "ft/hr'' 
u=u+6 

RETIJRN 
'*********************************************************************** 
'*********************************************************************** 
outfile: 

OPEN ''\model\data.\" + luS + ".tc" FOR OUfPUf AS #1 
WRITE #1, set! + swt! + sft! 
CLOSE#l 

RETIJRN 
'*********************************************************************** 

243 



Source Code for T ABHYDRO mk. 1 

••••••••---•••••• TABHYDRO mk. 1 •••• ... ••**•••••••-•••---** 
~ 

OOSUBgetb 
OOSUBgetcn 
OOSUB getarea 
OOSUBgetia 
OOSUB getrunofl' 
OOSUBgettc 
OOSUB rouodtc 
OOSUB getiap 
OOSUB roundiap 
OOSUBgetblbfile 
OOSUB loadlable 
OOSUB gettable 
OOSUB calhyck-o 
OOSUB diaphydro 
WHILE INKEYS <> "e" 

ON KEY(l) OOSUB fileout 
KEY(l)ON 
ON KEY(3) OOSUB plo1hyck-o 
KEY(3)0N 

WEND 
RUN "\model\menu" 
END 
............................ 
getb: 

OPFN •~l\dala\luf:coo" FOR JNPUr AS #1 
INPUr #1, lbS 

CLOSE#l 
RETURN 
, ......................... .. 
getcn: 

OPEN "\model\dam\" + sbS + ".CDD" FOR lNPlIT AS #1 
INPUT#l,waterS 
JNPUr #1, mmeS 
INPUr#l, sl 
INPlIT #1, 1S 
INPUf #1, bile 
tcn=O 
FOR i = 1 TO blk 

INPUT #1, , b, c, d, e 
tcn=tcn+d 

NEXTi 
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CLOSE#l 
en= INT(ten / bile) 

RETURN 
'*************************** 
getarea: 

areal = bile * .003861 
RETURN 
'*************************** 
getia: 

OPEN ''\model\files\iap.tbl" FOR INPUT AS #1 
fotmd=0 
WHITE fotmd = O 

INPUf #1, n, ial 
IF en= n TIIEN fotmd = 1 

WEND 
CLOSE#l 

RETURN 
'************************** 
getnmoff: 

OPEN ''\model\data\" + sbS + ".ror• FOR INPUT AS #1 
INPUT#l, aS 
INPUT#l, bS 
INPlIT#l, a 
INPlIT #1, fS 
INPlIT #1, preeip! 
INPUT #1, nmoffl 

CLOSE#l 
RETURN 
'************************* 
gette: 

OPEN ''\model\data\" + sbS + ".te" FOR INPUT AS #1 
INPlIT #1, te! 

CLOSE#l 
RETURN 
'************************* 
rotmdtc: 

IF te! > 0 AND te! < .15 TiiEN tee= .1 
IF te! > .15 AND te! < .25 TIIEN tee= .2 
IF tc! > .25 AND tc! < .35 TIIEN tee= .3 
IF te! > .35 AND te! < .45 TIIEN tee = .4 
1F te! > .45 AND te! < .625 1HEN tee= .5 
IF te! > .625 AND te! < .85 TIIEN tee=. 75 
IF te! > .85 AND te! < 1.15 THEN tee= 1 
1F te! > 1.15 AND tc! < 1.35 THEN tee = 1.25 
1F te! > 1.35 AND te! < 1.65 THEN tee= 1.5 
1F te! > 1.65 TIIEN tee = 2 
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RETURN 
'**************************** 
getiap: 

iap! = ia! / preeip! 
RETURN 
'**************************** 
roundiap: 

IF iap! < .2 TIIEN riap! = .1 
IF . I 2AND' t 4TIIEN. I- 3 lap.>. lap.<. nap. - . 
IF . t 4 rrll'l:'ll.T • 1 - 5 lap. > . .L.cu:.J.'I nap. - . 

RETURN 
••••••••••••••••••••••••••••• 
gettabfile: 

IF tee = .1 AND riap! = .1 TIIEN ft$ = "a'' 
IF tee = .1 AND riap! = .3 1HEN ft$= ''b" 
IF tee= .1 AND riap! = .5 TIIEN ft$= "e" 
IF tee= .2 AND riap! = .l TIIEN ftS = "d" 
IF tee= .2 AND riap! = .3 TIIEN ft$= "e" 
IF tee= .2 AND riap! = .5 TIIEN ftS = "f' 
IF tee = .3 AND riap! = .1 TIIEN ftS = "g' 
IF tee= .3 AND riap! = .3 TIIEN ftS = ''h" 
IF tee = .3 AND riap! = .5 TIIEN ftS = "i" 
IF tee = .4 AND riap! = .1 TIIEN ftS = 'T' 
IF tee = .4 AND riap! = .3 TIIEN ftS = ''k'' 
IF tee= .4 AND riap! = .5 TIIEN ftS = "I" 
IF tee = .5 AND riap! = .1 TIIEN ft$= "m" 
IF tee = .5 AND riap! = .3 TIIEN ft$= "n" 
IF tee= .5 AND riap! = .5 TIIEN ftS = "o" 
IF tee= .75 AND riap! = .1 TIIEN ft$= "p" 
IF tee=. 75 AND riap! = .3 TIIEN ftS = "q" 
IF tee=. 75 AND riap! = .5 TIIEN fl$= "r'' 
IF tee = 1 AND riap! = .1 'IHEN ft$ = "s" 
IF tee= 1 AND riap! = .3 'IHEN ft$= "t'' 
IF tee = 1 AND riap! = .5 1HEN :ft$ = ''u" 
IF tee= 1.25 AND riap! = .1 TIIEN ftS = "v'' 
IF tee = 1.25 AND riap! = .3 TIIEN ftS = "w'' 
IF tee = 1.25 AND riap! = .5 TIIEN ftS = "x'' 
IF tee = 1.5 AND riap! = .1 TIIEN ftS = 'Y' 
IF tee = 1.5 AND riap! = .3 TIIEN ftS = "z' 
IF tee= 1.5 AND riap! = .5 TIIEN ft$= "aa" 
IF tee = 2 AND riap ! = .1 1HEN :ft$ = ''bb" 
IF tee = 2 AND riap ! = . 3 TIIEN ft$ = "cc" 
IF tee = 2 AND riap! = .5 TIIEN ftS = "dd" 

RETURN 
'************************************ 
loadtable: 
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DIM ht!(l TO 32) 
DIM tt!(l TO 12) 
DIM x(l TO 12, 1 TO 32) 
OPEN ''\model\files\" + ftS + ".tbl" FOR INPUT AS #1 
FORi=l T032 

INPUT #1, htl(i) 
NEXTi 
FORi= 1 TO 12 

INPUT #1, tt!(i) 
FORj = 1 TO 32 
INPUT #1, x(i, j) 

NEXTj 
NEXTi 

CLOSE#! 
RETURN 
'************************************ 
gettable: 

DIM table(! TO 32) 
i= 1 
tee=0 
WHILE tee <> tt!(i) 
i=i+l 

WEND 
FORj=l T032 

table(j) = x(i,j) 
NEXTj 

RETURN 
'************************************ 
calhydro: 

DIM hydro!(l TO 32) 
FORi=l T032 

hydro!(i) = table(i) * area! * nmoffi 
NEXTi 

RETURN 
'************************************ 
disphydro: 

SCREEN9 
PAINT (1, 1), 7 
COLOR4, 7 
LOCATE 1, 15 
PRINT ''TABHYDRO mk. 1 SCS Tabular Hydrograph Method" 
COLOR 8, 7 
LOCATE 4, 6 
PRINT ''Time (hrs.)" 
LOCATE 4, 20 
PRINT "Q (cfs)" 
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LOCATE 4, 36 
PRINT ''Time (hrs.)" 
LOCATE4,50 
PRINT "Q (cfs)" 
COLOR 1, 7 
FORi= 1 TO 16 

LOCATE 5 + i, 10 
PRINT USING''##.#!'; ht!(i) 
LOCATE 5 + i, 20 
PRINT USING''###.##!'; hydro!(i) 
LOCATE 5 + i, 40 
PRINT USING ''##.'##''; ht!(l6 + i) 
LOCATE 5 + i, 50 
PRINT USING ''###.##!'; hydro!(l6 + i) 

NEXTi 
COLOR 6, 7 
LOCATE 23, 2: PRINT "Fl: Save to file" 
COLOR4 
LOCATE 23, 20: PRINT ''F3: Show plot'' 
COLOR5 
LOCATE 23, 36: PRINT "e: to exit'' 
COLOR 1 
LOCATE 23, 50: PRINT ''Print Screen: Hardcopy" 

RETURN 
'************************************** 
fileout: 

CL.S 
COLOR 3, I 
LOCATE 12, 18 
PRINT "Save Hydrograph" 
LOCATE 14, 14 
PRINT ''If you wish hydrograph to be" 
LOCATE 15, 14 
PRINT "saved as"; sbS; ".thg then" 
LOCATE 16, 14 
PRINT ''hit return, else enter file" 
LOCATE 17, 14 
INPUT "name:"; outfileS 
IF outfileS = '"' TIIEN out$ = sbS 
IF outfileS <> ,.,, TIIEN out$= outfileS 
OPEN ''\model\data.\" +out$+ ".thg'' FOR OUTPUf AS #1 

WRITE #1, water$ 
WRITE #1, name$ 
WRITE#!, sl 
WRITE #1, ''thg'' 
WRITE #1, blk 
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FORi= 1 TO 32 
WRTIE #1, htt(i), hydro!(i) 

NEXTi 
CLOSE#l 

GOSUB disphydro 
REfURN 
'************************************** 
plothydro: 

GOSUB findmaxq 
GOSUB getscale 
SCREEN 12 
WINDOW (1,, -12)-(''• 60) 
LINE (19.5, 0)-(52, 0), 3 
LINE (20, -1)-(20, 50), 3 
FOR i = 22 TO 52 STEP 2 

LINE (i, 0)-(i, -1), 2 
NEXTi 
FOR i = 0 TO 50 STEP 5 

LINE (19.5, i)-(20, i), 2 
NEXTi 
LOCATE 26, 10: PRINT "10" 
LOCATE 26, 18: PRINT "12" 
LOCATE 26, 26: PRINT "14" 
LOCATE 26, 34: PRINT "16" 
LOCATE 26, 42: PRINT "18" 
LOCATE 26, 50: PRINT "20" 
LOCATE 26, 58: PRINT "22" 
LOCATE 26, 66: PRINT "24" 
LOCATE 26, 74: PRINT "26" 

LOCATE 25, 8: PRINT "0" 
LOCATE 5, 5: PRINT 100 * sc 
LOCATE 9, 6: PRINT 80 * SC 

LOCATE 13, 6: PRINT 60 * SC 

LOCATE 17, 6: PRINT 40 * SC 

LOCATE 21, 6: PRINT 20 * SC 

COLOR6 
LOCATE 10, 5: PRINT "Q" 
LOCATE 12, 5: PRINT "c" 
LOCATE 13, 5: PRINT "f' 
LOCATE 14, 5: PRINT "s" 
LOCATE 27, 30: PRINT ''Hours" 
COLOR4 
LOCATE 28, 10: PRINT "e: Exit" 
LOCATE 28, 30: PRINT ''Print Screen: Hardcopy" 
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FORi= I TO 31 
LINE ((ht!(i) * 2), (bydro!(i) / z))-((ht!(i + 1) * 2), (bydro!(i + 1) / z)), 4 

NEXTi 
WIIlLE INKEYS = "'' 
WEND 
GOSUB dispbydro 

RETURN 
'****************************************** 
findmax:q: 

max!= hydro!(l) 
FORi=2 TO 26 

IF bydro!(i) > max! 1HEN max!= hydro!(i) 
NEXTi 

RETURN 
'****************************************** 
getscale: 

IF max! > 100 AND max! < 200 TIIEN z = 4 
IF max! > 100 AND max! < 200 TIIEN sc = 2 
IF max!> 50 AND max! < 1001HEN z = 2 
IF max!> 50 AND max! < 100 TIIEN sc = I 
IF max! > 25 AND max! < 50 1HEN z = 1 
IF max! > 25 AND max! < 50 THEN sc = .5 
IF max! > 0 AND max! < 25 THEN z = .5 
IF max! > 0 AND max! < 25 1HEN sc =. 25 

RETURN 
'****************************************** 
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Source Code for SCSUNIT mk. 1 

•---••••--••••**"*** SCSUNIT .BAS MK. 1 ************************* 
~ 
OOSUBgetb -
OOSUBgettc 
OOSUB getarea 
OOSUBcalc 
OOSUBhyn 
OOSUBhout 
WIDLE INKEYS <> "e" 

ON KEY(l) OOSUB fileout 
KEY(l)ON 
ON KEY(3) OOSUB plothydro 
KEY(3)0N 

WEND 
RUN ''\model\melll" 
END 

............................................... 
getb: 

OPEN ''\model\da\lut:con" FOR JNPUI' AS #1 
lNPUI' #1, abS 

CLOSE#l 
RETURN 
, ............................................. . 
gettc: 

OPEN "\model\dala\" + sbS + ".tc" FOR JNPUf AS #1 
INPUI'#l, tc! 

CLOSE#l 
RETURN 
............................................... 
getarea: 

OPEN "\model\data\" + sbS + ".con" FOR JNPUI' AS #1 
JNPUI' #1, water$ 
INPUr #1, ll8llleS 
JNPUI' #1, sl 
JNPUI' #1, 1S 
JNPUI'#l, blk 

CLOSE#l 
area! = blk * .003861 

RETURN 
, ............................................. . 
calc: 
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tl! = .54 * (area! A .6) 
D! = .133 * tc! 
tp! = (D!/ 2) + tl! 
qp! = (484 *area!)/ tp! 

RETURN 
'********************************************** 
hydro: 

i=l 
DIM time!(l TO 500) 
DIM discharge!(! TO 500) 
FOR t! = 0 TO tp! * 5 STEP .01 

IF t! / tp! < 1 THEN GOSUB hl 
IB t! / tp! = 1 TIIEN GOSUB hl 
IB tf / tp! > 1 AND t! / tp! < 1.4 TIIEN GOSUB h2 
IB tf / tp! > 1.4 1HEN GOSUB h3 
IB t! / tp! = 1.4 TIIEN GOSUB h3 
time!(i) = t! 
i=i+l 

NEXft! 
RETURN 
'********************************************** 
hl : 

tt! = t!/ tp! 
discharge!(i) = -3.05167 * tt! "3 + 4. 78147 * tt! "2 - .808 * tt! + .0766667 
discharge!(i) = discharge!(i) * qp! 

RETURN 
'*********************************************** 
h2: 

tt! =t! / tp! 
discharge!(i) = -1.07143 * tt! /\ 2 + 2.00143 * tt! + 7.456989999999999D-02 
discharge!(i) = discharge!(i) * qp! 

RETURN 
'*********************************************** 
h3: 

tt! = t!/ tp! 
discharge!(i) = 2. 718282" (-1.6944 7 * tt!) * 8.52855 
discharge!(i) = discharge!(i) * qp! 

RETURN 
'*********************************************** 
bout: 

CLS 
SCREEN9 
COLOR 4, 7 
LOCAIB 1, 25: PRINT "**** SCS UNIT HYDROGRAPH ****" 
COLOR! 
LOCAIB 3, 6: PRINT "Hours" 
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LOCATE 3, 14: PRINT "CFS" 
IF i < 90 TIIENw= 2 
IF i > 90 TIIEN w = 3 
IF i> 1201HENw=4 
IF i > 180 TIIBNw= 5 
k=5 
COLORS 
FOR j = 1 TO i / 3 S1EP w 

LOCATEk, 5: 
PRINT USING''##.##''; time!(j) 
WCATEk, 13: 
PRINT USING '"####.#I#'; discharge!U) 
k=k+l 

NEXTj 
COWRl 
LOCATE 3, 27: PRINT ''Hours" 
LOCATE 3, 35: PRINT "CFS" 
k=5 
COLORS 
FORj = i / 3 TO 2 * i / 3 STEP w 

LOCATE k, 27: PRINT USING''##.##''; time!(j) 
LOCATE k, 35: PRINT USING''####:##"; discharge!(j) 
k=k+l 

NEXTj 
COLORl 
LOCATE 3, 49: PRINT ''Hours" 
LOCATE 3, 57: PRINT "CFS" 
k=5 
COLORS 
FORj = 2 * i / 3 TO i STEP w 
WCATE k, 49: PRINT USING''##.##''; time!(j) 
LOCATE k, 57: PRINT USING''####.##''; discharge!(j) 
k=k+l 

NEXTj 
COLOR6 
LOCATE 23, 5: PRINT ''Fl: Save to file" 
COLOR I 
LOCATE 23, 23: PRINT "F3: Show plot'' 
COLOR2 
LOCATE 23, 38: PRINT "e: to exit'' 
COWR4 
LOCATE 23, 50: PRINT ''Print Screen: Hardcopy'' 

RETURN 
'*********************************************** 
fileout: 

CLS 
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COLOR 3, 1 
LOCAIB 12, 18 
PRINT "Save Hydrograph" 
LOCAIB 14, 14 
PRINT ''If you wish hydrograph to be" 
LOCAIB 15, 14 
PRINT "saved as"; sh$; ".uhg then" 
LOCAIB 16, 14 
PRINT ''hit return, else enter file" 
LOCAIB 17, 14 
INPUT "name:"; outfileS 
1F outfileS = "'' 1HEN outS = sbS 
IF outfileS <> "" 1HEN out$ = outfileS 
OPEN ''\model\data\" + out$+ ".ubg" FOR OUTPUT AS #1 

WRITE #1, water$ 
WRITE #1, name$ 
WRITE#!, sl 
WRITE #1, "uhg'' 
WRITE#l, bllc 
FORj = I TO i - I 

WRITE #1, time!(j), discharge!(j) 
NEXTj 

CLOSE#l 
GOSUBhout 

REfURN 
'******************************************************** 
plothydro: 

GOSUB findmaxq 
maxtime! = time!(i - 1) 
GOSUB getscale 
SCREEN 12 
WlNDOW (-8, -25)-(55, 110) 
L1NE (-1, 0)-(50, 0), 4 
L1NE (0, -2)-(0, 100), 4 
FORk= 10 TO 100 STEP 10 

L1NE (-1, k)-(0, k), 1 
NEXTk 
FORk= 5 TO 50 STEP 5 

L1NE (k, -2)-(k, 0), 1 
NEXTk 

LOCAIB 25, 8: PRINT "0" 
LOCAIB 14, 5: PRINT 50 * SC 

LOCAIB 3, 5: PRINT 100 * SC 

LOCAIB 26, 11: PRINT "0" 
LOCATE 26, 21: PRINT 10 /tz 
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LOCATE 26, 34: PRINT 20 / tz 
LOCATE 26, 47: PRINT 30 / tz 
LOCATE 26, 60: PRINT 40 / tz 
LOCATE 26, 72: PRINT 50 / tz 
COLOR6 
LOCATE 27, 30: PRINT ''HOURS" 
LOCATE 10, 3: PRINT "C" 
LOCATE 13, 3: PRINT ''F' 
LOCATE 16, 3: PRINT "S" 

FORj = 1 TO i - 2 
IF time!(j + 1) • tz > .:50 TIIBN EXIT FOR 
LINE (time!(j) * tz, discharge!(j) / z)-(time!(j + 1) * tz, discharge!(j + 1) / z), 2 

NEXTj 
COLOR3 
LOCATE 28, 10: PRINT ''Press e to exit" 
LOCATE 28, 40: PRINT ''Press Print Screen to print'' 
WHILE INKEYS <> "e" 
WEND 
GOSUBhout 

RETURN 
'********************************************************* 
findmaxq: 

max!= discharge!(!) 
FORj = 2 TO i - 1 

IF discharge!(j) > max! THEN max! = discharge!(j) 
NEXTj 

RETURN 
'********************************************************* 
getscale: . 

IF max! > 400 AND max! < 500 TIIEN z = 5 
IF max! > 400 AND max! < 500 TIIBN sc = 5 
IF max! > 300 AND max! < 400 THEN z = 4 
IF max! > 300 AND max! < 400 THEN sc = 4 
IF max! > 200 AND max! < 300 THEN z = 3 
IF max! > 200 AND max! < 300 THEN sc = 3 
IF max! > 100 AND max! < 200 THEN z = 2 
IF max! > 100 AND max! < 200 THEN sc = 2 
IF max!> 50 AND max! < 100 TIIEN z = I 
IF max! > 50 AND max! < 100 THEN sc = 1 
IF max! < 50 THEN z = .5 
IF max! < 50 THEN sc = .5 
IF maxtime! < .6 THEN tz = 100 
IF maxtime! < 1 AND maxtime! > .5 THEN tz = 50 
IF maxtime! < 2 AND maxtime! > 1 THEN tz = 50 

RETURN 
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S..-ce Cotle fer COMPHY ak. 1 

'*"**"**"****" COMPHY mk. 1 **"*********"*******"****** 
CIS 
PRINT" COMPHY mk. 1.0'' 
JNPlIT ''F.merDUDJber of sub areas:"; aa 
DIM .-eaS(l TO aa) 
DIM travel(l TO sa) 
DIM bt!(l TO 32) 
DIM tt!{l TO 12) 
DIM x(l TO 12, 1 TO 32) 
DIM table(l TO 32) 
DIM bydro~(l TO sa, I TO 32) 
DIM ahydro!(l TO 32) 

CIS 
COLOR2 
LOCATE 1, 1 
PRINT "Sub Area Name" 
LOCATEl,20 
PRINT "Travel Time To Omlef' 
PRINT 
FORi=l TOaa 

LOCATE i + 2, 1 
INPUT areaS(i) 
LOCATE i + 2, 20 
INPUT travel(i) 

NEXTi 
CIS 

FORqq=l TOsa 
sbS = areaS(qq): PRINT areaS(qq) 
OOSUBgetcn 
OOSUBgetarea 
OOSUBgetia 
OOSUB geaunoff 
OOSUBgettc 
OOSUB rouodtc 
OOSUB getiap 
OOSUB roundiap 
OOSUB gettabfile 
OOSUB loalbble 
OOSUB gettable 
OOSUB calbydro 

NEXTqq 
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OOSUB IUlday 
OOSUB diaphydro 
WIDLE INKEYS <> "e" 

ON KEY(l) OOSUB fileout 
KEY(l)ON 
ON KEY(3) OOSUB plothydro 
KEY(3)0N 

WEND 
RUN "\model'menu" 
END ............................ 
getcn: 

OPEN "'model\data\" + abS + ".cm" FOR INPUI' AS #1 
INPUl'#l,waterS 
INPUl'#l,-S 
INPUl'#l, 11 
JNPUI'#l,ft 
INPUf #1, blk 
tcn=O 
FORi= 1 TOblk 

INPUI'#l, a, b, c, d, e 
tm=tco+d 

NEXTi 
CLOSE#l 
CD= INT(tcn / blk) 

REfURN 
............................ 
getarea: 

areal = blk * .003861 
REfURN 
............................ 
getia: 

OPEN "'model\files\iap.tbl" FOR JNPUI' AS #1 
fomd=O 
WHILE found= 0 

1NPUI' #1, n, ia! 
IF CD= n THEN found= 1 

WEND 
CLOSE#l 

REfURN ............................ 
getrunoff: 

OPEN "'model\daa\" + sbS + ".rof' FOR INPUf AS #1 
INPUl'#l, aS 
INPUI'#l, bS 
INPUl'#l, a 
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JNPUT#l,ft 
JNPUf #1, precip! 
JNPUT #1, nmoff! 

CLOSE#! 
RETURN .......................... 
gettc: 

OPEN ''\model\data\" + sbS + ".tc" FOR INPUT AS #1 
JNPUT#l, tel 

CLOSE#! 
RETURN .......................... 
rolllKlc: 

IFtcr >OANDtcf <.15 THENtcc =.1 
IF te! > .15 AND te! < .25 THEN tee= .2 
IF te! > .25 AND te! < .35 1HEN tee = .3 
IF tel > .35 AND tel < .45 1HEN tee= .4 
IF tel > .45 AND tel < .625 THEN tee = .5 
IF tel > .625 AND tel < .85 THEN tee= . 75 
IF tel > .85 AND tel < 1.15 THEN tee = 1 
IF ter > 1.15 AND te! < l.351HEN tee= 1.25 
IF tel> 1.35 AND tel< l.651HEN tee= 1..5 
IF tel > 1.65 1HEN tee = 2 

RETURN ............................. 
getiap: 

iap! = ia! / precipl 
RETURN ............................. 
roUDdiap: 

IF iapf < .2.nmN riap! = .1 
IF . I 2AND. I 41HEN. I- 3 lap. > . lllp. < . nap. - . 
IF . I 4THEN . I- 5 lap. > . nap. - . 

RETURN ............................. 
gettabfile: 

IF tee= .1 AND riapl = .1 THEN flS = "fi' 
IF tee= .1 AND riapf = .3 1HEN flS = ''b" 
IF tee = .1 AND riap! = . .5 1BEN flS = "e" 
IF tee= .2 AND riap! = .1 1BEN flS = "d" 
IF tee = .2 AND riapl = .3 THEN flS = "e" 
IF tee = .2 AND riapl = .5 1BEN flS = "f' 
IF tee= .3 AND riapf = .11HEN flS = "g' 
W tee = .3 AND riapf = .3 1BEN flS = ''h" 
IF tee= .3 AND riapl = .5 1BEN flS = "i" 
IF tee= .4 AND riapf = .1 1HEN flS = •~" 
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IF tee = .4 AND riap! = .3 THEN ftS = ''k'' 
IF tee = .4 AND riap! = .5 1HEN ftS = "I" 
IF tee = .S AND riap! = .1 1HEN ftS = "m" 
IF tee = .S AND riapl = .3 THEN ftS = ''n" 
IF tee = .S AND riapl = .5 1HEN ftS = "o" 
IF tee=. 75 AND riap! = .1 THEN ftS = "p" 
IF tee = . 75 AND riap! = .3 THEN ftS = "c(' 
IF tee=. 75 AND riap! = .5 THEN ftS = "r" 
IF tee = 1 AND riap! = .1 THEN ftS = "s" 
IF tee = 1 AND riap! = .3 THEN ftS = ''t" 
IF tee = 1 AND riapf = . .S 'IHEN flS = ''u" 
IF tee = 1.2.5 AND riap! = .1 nmN flS = ''v'' 
IF tee = 1.25 AND riapl = .3 THEN ftS = "w" 
IF tee = 1.25 AND riap! = .5 1HEN ftS = ''r' 
IF tee= l.S AND riap! = .l THENftS = "y'' 
IF tee = 1.5 AND riap! = .3 THEN ftS = "t' 
IF tee = 1.5 AND riap! = .5 THEN ftS = "aa'' 
IF tee = 2 AND riap! = .1 THEN ftS = "bb" 
IF tee= 2 AND riap! = .3 1HEN ttS = "cc" 
IF tee = 2 AND riap! = .5 1llEN ftS = "dd'' 

RETURN ..................................... 
loadlable: 

OPEN '"model\files\" + ttS + ".tbl" FOR INPUT AS #1 
FORi=l TO32 

INPUT #1, btf(i) 
NEXTi 
FORi= 1 TO 12 
INPUT #1, ttf(i) 
FORj=l TO32 
INPUT#l, x(i,j) 

NEXTj 
NEXTi 

CLOSE#l 
RETURN 
, ........................ *****"*"** 
gettable: 

i= 1 
tee = travel( qq) 
WHILE tee <> ttf(i) 
i=i+l 

WEND 
FORj=l T032 

table(j) = x(i,j) 
NEXTj 

RETURN 
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, ................................. ... 
calhydro: 

FORi=l TO32 
bydrot(qq, i) = table(i) • .-ea! * nmofll 

NEXTi 
RETURN 
, ................................... . 
sumhy: 

FORi= 1 TO1a 
FORj=l 1'032 

abydrof(j) = ahydrof(j) + hydro!(i,j) 
NEXTj 

NEXTi 
RETURN ..................................... 
dispbydro: 

SCREEN9 
PAINT (1, 1), 7 
COLOR 4, 7 
LOCATE 1, 15 
PRINT "TABHYDRO mk. 1 SCS Tabul.- Hydrograph Method'' 
COLORS, 7 
LOCATE4,6 
PRINT ''Time (In.)" 
LOCATE 4, 20 
PRINT "Q ( di)" 
LOCATE4,36 
PRINT 'Tune (In.)" 
LOCATE4,50 
PRINT "Q ( cf&)" 
COLOR 1, 7 
FORi= 1 TO 16 

LOCATE 5 + i, 10 
PR1NT USING''##-.#"; ht!(i) 
LOCATES + i, 20 
PRINT USING''##-#-.##''; sbydro!(i) 
LOCATES + i, 40 
PRINT USING ''##-.W; btf(l6 + i) 
LOCATES + i, SO 
PRINT USING"###.##''; sbydro!(16 + i) 

NEXTi 
COLOR 6, 7 
LOCATE 23, 2: PRINT ''Fl: Save to file" 
COLOR4 
LOCATE 23, 20: PRINT ''Fl: Show plot'' 
COLORS 
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LOCATE 23, 36: PRINT "e: to exif' 
COLOR! 
LOCATE 23, 50: PRINT ''Print Screen: Hardcopy'' 

RETURN 
, ..................................... . 
fileout: 

CLS 
COLOR 3, 1 
LOCA'IE 12, 18 
PRINT "Save Hydrograph" 
LOCA'IE 14, 14 
PRINT "If you wish hydrograpb to be" 
LOCA'IE 15, 14 
PRINT "saved as"; sbS; ".tbg then" 
LOCA'IE 16, 14 
PRINT "bit return, else enter file" 
LOCA'IE 17, 14 
INPUT "name: "; outfileS 
IF outfileS = "" THEN outS = sbS 
IF outfileS <> "" 11fEN outS = outfileS 
OPEN '"model\dala\" + outS + ".1bg' FOR OUTPUT AS #1 
WRITE #1, water$ 
WRITE #1, name$ 
WRrI'E #1, sl 
WRITE #1, "1bg" 
WRrrE#l, blk 
FORi= 1 TO32 

WRrIE #1, li!(i), sbydro!(i) 
NEXTi 
CLOSE#l 

OOSUB dispbydro 
RETURN 
'•*•*********************************** 
plothydro: 

OOSUB findmuq 
OOSUB getacale 
SCREEN 12 
WINDOW (15, -12)-(55, 60) 
LINE (19.5, 0)-(52, 0), 3 
LINE (20, -1 )-(20, SO), 3 
FORi=22TO 52 STEP 2 

LINE (i, 0)-(i, -1), 2 
NEXTi 
FOR i = 0 TO 50 STEP 5 

L1NE (19.5, i)-(20, i), 2 
NEXTi 
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LOCATE 26, 10: PRINT "10" 
LOCATE 26, 18: PRINT "12" 
LOCATE 26, 26: PRINT "14" 
LOCATE 26, 34: PRINT "16" 
LOCA1E 26, 42: PRINT "18" 
LOCATE 26, SO: PRINT "20'' 
LOCATE 26, 58: PRINT "22" 
LOCATE 26, 66: PRlNT "24" 
LOCATE 26, 74: PRINT "26" 

LOCATE 25, 8: PRINT "0" 
LOCATE .5, .5: PRINT 100 • sc 
LOCATE 9, 6: PRINT 80 * BC 

LOCA1E 13, 6: PRINT 60 * sc 
LOCATE 17, 6: PRINT40 • SC 

LOCATE 21, 6: PRINT 20 * BC 

COLOR6 
LOCATE 10, S: PRINT "Q" 
LOCATE 12, 5: PRINT "c" 
LOCATE 13, .5: PRINT "f' 
LOCATE 14, S: PRINT "s" 
LOCATE 27, 30: PRINT ''Hours" 
COLOR4 
LOCATE 28, 10: PRINT "e: ~t'' 
LOCATE 28, 30: PRINT ''Print Screen: Hardcopy" 

FORi= 1 TO 31 
LINE (0-!(i) * 2), (abydro!(i) / z))-((la!(i + 1) * 2), (shydro!(i + 1) / z)), 4 

NEXT i 
WHILE INKEYS = '"' 
WEND 
OOSUB dispbydro 

REI1JRN 
'********* .... ** ..... *******"******"***** 
findmaxq: 

max!= bydro!(qq, 1) 
FORi=2T026 

IF bych!(qq, i) > maxf TIIEN max!= hydro!(qq, i) 
NEXTi 

REI1JRN 
'*"**"************* ... **••··----·····---· 
getscale: 

IF max! > 100 AND max! < 2001HEN z = 4 
IF mm:l > 100 AND max! < 2001HEN sc = 2 
IF IIUE[f > SO AND max! < 100 1HEN z = 2 
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IF max! > 50 AND ma! < 100 THEN sc = 1 
IF mu!> 25 AND mu!< 50 THEN z = 1 
IF max! > 25 AND max! < 50 THEN sc = . .5 
IF mmd > 0 AND max! < 25 THEN z = .5 
IF max! > 0 AND max! < 25 THEN sc = .25 

REfUR.N 
........................................... 
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Source Code for OSCREEN mk. 1 

.............. oscreen••············· 
CLS 
SCREEN12 
LINE(l0,5)-(600,S),l 
LINE (10, 500)-(600, 500), 1 
LINE (10, .5)-(10, .500), 1 
L1NE (600, 5)-(600, 500), 1 
PAINT (11, lS), 1, 1 

LINE (100, 20)-(510, 20), 4 
LINE (100, 50)-(510, SO), 4 
LINE (100, 20)-(100, 50), 4 
LINE (510, 20)-(.510, SO), 4 
PAINT (101, 21), 4, 4 
LOCA1E2.7, 25 
PRINT"HYDRO SIM mk. 1.0'' 

LINE (100, 100)-(510, 100), 2 
LINE (100, 200)-(510, 200), 2 
LINE (100, 100)-(100, 200), 2 
LINE(510,100)-(510,200),2 
PAINT (101, 101), 2, 2 
LOCA1E8,25 
PRINT "Written by Hany C. Bircher'' 
LOCATE 10, 15 
PRINT ''Depm1meot ofEnviromnelllal and Civil Engineering'' 
LOCATE 12, 17 
PRINT "Youopown State University, Youogstown, Ohio" 
LINE (100, 250)-(510, 250), 3 
LINE (100, 350)-(510, 350), 3 
IJNE(l00,250)-(100,350),3 
LINE (510, 250)-(510, 350), 3 
PAINT (101, 251), 3, 3 
LOCAlE 18, 17 
PRINT "Pro8l"am to model urban and nnl nm-oif' 
LOCATE 20, 17 
PRINT "for single or combined watersheds. " 
LOCATE 28, 25 
PRINT ''Prea any key to begin." 
DO WIDLE INKEYS ="" 
LOOP 
RUN ''MENU'' 
END 
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Source Code for MENU mk. 1 

.. •••••• .. ••••••Meoumkl. ••••••••**••••••••-•• 
CLS 
SCREEN 12 
OOSUBmain 

WlDLE JNKEYS <> "e" 
ON KEY(l) OOSUB aetb 
KEY(l)ON 
ON KEY(2) OOSUB delin 
KEY(2)ON 
ON KEY(3) OOSUB soil 
KEY(3)ON 
ON KEY(4) OOSUB lu&e 
KEY(4)ON 
ON KEY(5) OOSUB Cllll 

KEY(5)ON 
ON KEY(6) OOSUB roff 
KEY(CS)ON 
ON KEY(7) OOSUB tcon 
KEY(7)ON 
ON KEY(8) OOSUB hyck-o 
KEY(S)ON 
ON KEY(9) OOSUB .ail 
KEY(9)ON 
OOSUBmain 

WEND 
END ................................. 
main: 

llNE (10, 5)-(600, 5), 1 
LINE (10, 500)-(600, 500), 1 
L1NE (10, S)-(10, 500), 1 
LINE (600, 5)-(600, 500), 1 
P AlNT (11, 15), 1, 1 

LINE (100, 20)-(510, 20), 4 
LINE(l00,50)-(510,50),4 
llNE (100, 20)-(100, 50), 4 
llNE (510, 20)-(510, 50), 4 
PAJNT(l0l,21),4,4 
LOCA1E 3, 26 
PRINT ''HYDROSIM MAIN MENU'' 
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-

LINE (110, 60)-(160, 60), 2 
LINE (110, 400)-(160, 400), 2 
LINE (110, 60)-(110, 400), 2 
LINE (160, 60)-(160, 400), 2 
PAINT (111, 101), 2, 2 
LOCATE 6, 16 
PRINT ''Fl II 

LOCATES, 16 
PRINT ''F2 " 
LOCATE 10, 16 
PRINT ''F3 II 

LOCATE 12, 16 
PRINT ''F4 " 
LOCATE 14, 16 
PRINT ''F5 " 
LOCATE 16, 16 
PRINT "F6 " 
LOCATE 18, 16 
PRINT ''F7 " 
LOCATE 20, 16 
PRINT ''F8 " 
LOCATE 22, 16 
PRINT ''F9 II 
LOCATE 24, 16 
PRINT" E" 
LINE (180, 60)-(500, 60), 6 
LINE (180, 400)-(500, 400), 6 
LINE (180, 60)-(180, 400), 6 
LINE (500, 60)-(500, 400), 6 
PAINT(181,101),6,6 
LOCATE 6, 25 
PRINT "Set or change area to model. " 
LOCATES, 25 
PRINT "Delineate area to model. 
LOCATE 10, 25 
PRINT ''F.nter or edit soil data 
LOCATE 12, 25 

" 

II 

PRINT ''Enter or edit landuse data " 
LOCATE 14, 25 
PRINT "Calculate nm-off curve nmnbers." 
LOCATE 16, 25 
PRINT "Calculate average nm-off " 
LOCATE 18, 25 
PRINT ''Determine time of concentration." 
LOCATE 20, 25 
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PRINT ''Hydrographs. 
LOCATE 22, 25 
PRINT ''Utilities. 
LOCATE 24, 25 
PRINT ''To exit program. 
xl = 180 
x2= 500 
yl =420 
y2=460 
c=5 
GOSUBdbox 
LOCATE 28, 2-' 

II 

II 

II 

OPEN ''\model\data.\cmrentcon11 FOR INPUT AS #1 
INPUT #1, sbS 
CLOSE#l 
PRINT "Current area: "; sbS 

RETURN 
'********************************************** 
setb: 
~ 

xl = 100 
x2=400 
yl = 100 
y2=200 
c=3 
GOSUBdbox 
LOCATES, 18 
PRINT "Set or change area to model." 
LOCATE 10, 18 
PRINT ''F.nter name or a to abort " 
LOCAIB 12, 18 
INPUT; sbS 
IF sbS <> "a'' THEN GOSUB writeb 

RETURN 
'************************************************* 
delin: 

RUN ''\model\bcreate" 
RETURN 
'************************************************** 
soil: 
~ 

xl = 100 
x2 =400 
yl = 100 
y2 = 200 
c=6 
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GOSUB dbox 
LOCATE8,20 
PRINT ''F.nter or edit soil data" 
LOCAIB 10, 20 
PRINT ''Fl: :Enter data in new model" 
LOCATE 11, 20 
PRINT ''F2: Edit current model 11 

LOCAIB 12, 20 
PRINT II e: Retmu to main menu " 
WHILE INKEYS <> ''e'' 

ON KEY(l) GOSUB rsoil 
KEY(l) ON 
ON KEY(2) GOSUB esoil 
KEY(2)ON 

WEND 
~ 

RETURN 
'********************************************** 
lose: 
~ 

xl = 125 
x2=425 
yl = 100 
y2=250 
c=2 
GOSUBdbox 
LOCA1E8,20 
PRINT "Enter or edit land use data." 
LOCATE 10, 20 
PRINT ''Fl: :Enter data in new model. 11 

LOCATE 11, 20 
PRINT ''F2: Edit CUITent model. " 
LOCATE 12, 20 
PRINT "F3: Create compare file. 11 

LOCATE 13, 20 
PRINT " e: Retmu to main menu. " 
WHILE INKEYS <> "e" 

ON KEY(l) GOSUB rluse 
KEY(l)ON 
ON KEY(2) GOSUB eluse 
KEY(2) ON 
ON KEY(3) GOSUB cluse 

WEND 
~ 

RETURN 
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'************************************************ 
CIDl: 

RUN ''\model\cncalcpl" 
RETURN 
'************************************************ 
roff: 

RUN ''\model\roff'' 
RETURN 
'************************************************ 
dbox: 

LINE (xl, yl)-(x2, yl), c 
LINE (xl, y2)-(x2, y2), c 
LINE (xl, yl)-(xl, y2), c 
LINE (x2, yl)-(x2, y2), c 
PAINT (xl + 1, yl + 1), c, c 

RETURN 
'********************************************* 
writeh: 

OPEN ''\model\data\currentcon" FOR OUfPUT AS #1 
\VRlTE # 1, sh$, "n" 
CLOSE#l 

RETURN 
'********************************************* 
rsoil: 

RUN ''\model\soiladd" 
RETURN 
'********************************************* 
esoil: 

OPEN ''\model\data\currentcon" FOR INPUT AS #1 
INPUT #1, sbS, mS 
CLOSE#l 
OPEN ''\model\data\currentcon" FOR OUTPUT AS #1 
\VRlTE #1, sbS, "e" 
CLOSE#l 
RUN ''\model\soiladd" 

RETURN 
'********************************************** 
rluse: 

RUN ''\model\luseadd" 
RETURN 
'********************************************** 
eluse: 

OPEN ''\model\data\currentcon" FOR INPlJT AS #1 
INPUT #1, sh$, mS 
CLOSE#l 
OPEN ''\model\data\currentcon" FOR OUTPUT AS #1 
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WRITE #1, sbS, "e" 
CLOSE#l 
RUN ''\model\luseadd" 

RETURN 
'*********************************************** 
cluse: 

OPEN ''\model\data\cmrentcon" FOR INPUT AS #1 
INPUT #1, sbS, mS 
CLOSE#l 
OPEN ''\model\data\currentcon" FOR OUTPUT AS #1 
WRITE #1, sbS, "c" 
CLOSE#l 
RUN ''\model\luseadd" 

RETURN 
'*********************************************** 
tcon: 

RUN ''\model\timecon" 
RETURN 
'*********************************************** 
hydro: 

CLS 
xl = 125 
x2 =42.5 
yl = 100 
y2=260 
c=2 
GOSUBdbox 
LOCATE 8, 20 
PRINT " Hydrographs 
LOCATE 10, 20 

" 

PRINT ''Fl: SCS Tabular Hydrograph " 
LOCATE 12, 20 
PRINT ''F2: SCS Unit Hydrograph " 
LOCATE 14, 20 
PRINT ''F3: Composite Hydrograph " 
LOCATE 16, 20 
PRINT " e: Return to main menu. " 
WHILE INKEYS <> "e" 

ONKEY(l) GOSUB thydro 
KEY(l) ON 
ON KEY(2) GOSUB uhydro 
KEY(2)ON 
ON KEY(3) GOSUB chydro 
KEY(3)ON 

WEND 
CLS 
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RETURN 
'***************************************** 
thydro: 

RUN '"\model\tabbydro" 
RETURN 
'***************************************** 
ubydro: 

RUN '"\model\scsunit'' 
RETURN 
'***************************************** 
cbydro: 

RUN ''\model\comphy" 
RETURN 
'***************************************** 
util: 

CLS 
xl = 125 
x2=425 
yl =50 
y2 = 100 
c=9 
GOSUBdbox 
xl = 125: x2 = 200: yl = 100: y2 = 400: c = 14 
GOSUBdbox 
xl = 200: x2 = 425: yl = 100: y2 = 400: c = 12 
GOSUB dbox 
LOCATE 5, 28: PRINT ''HYDROSIM MK.1 11 

LOCATE 6, 30: PRINT ''UTILITIES" 
LOCATE 8, 20: PRINT "Fl: " 
LOCATE 8, 28: PRINT ''View CN Numbers" 
LOCATE 10, 20: PRINT ''F2: 11 

LOCATE 10, 28: PRINT ''View Slopes " 
LOCATE 12, 20: PRINT "F3: 11 

LOCATE 12, 28: PRINT ''View RlDl-off " 
LOCATE 14, 20: PRINT ''F4: 11 

LOCATE 14, 28: PRINT "Compare RIDl-off'' 
LOCATE 16, 20: PRINT ''F5: " 
LOCATE 16, 28: PRINT "Compare tab. bydrographs" 
LOCATE 18, 20: PRINT ''F6: " 
LOCATE 18, 28: PRINT "Compare unit bydrographs" 
LOCATE 20, 20: PRINT ''F7 : " 
LOCATE 20, 28: PRINT "Stream Calculator'' 
LOCATE 24, 20: PRINT" E: 11 

LOCATE 24, 28: PRINT ''Return to Main Menu" 

WHILE INKEYS <> "e" 
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ON KEY(l) GOSUB vc 
KEY(l)ON 
ON KEY(2) GOSUB vs 
KEY(2)0N 
ON KEY(3) GOSUB vro 
KEY(3)0N 
ONKEY(4) GOSUB cro 
KEY(4) ON 
ON KEY(5) GOSUB cth 
KEY(5) ON 
ONKEY(6) GOSUB cub 
KEY(6) ON 
ON KEY(?) GOSUB seal 
KEY(7)0N 

WEND 
CLS 

RETURN 
'********************************************* 
vc: 
RUN ''\model\cnview'' 

RETURN 
'********************************************* 
vs: 

RUN ''\model\slopview'' 
'********************************************* 
vro: 

RUN ''\model\roview'' 
RETURN 
'******************************************** 
cuh: 
RUN ''\model\compmrit'' 

RETURN 
'******************************************** 
cth: 
RUN ''\model\compthg'' 

RETURN 
'******************************************** 
cro: 
RUN ''\model\roffgraph" 

RETURN 
'******************************************** 
seal: 
RUN ''\model\strcalc" 

RETURN 
'********************************************* 
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