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Sect ion 1 

INTRODUCTION 

1.1 Program Purpose 

Computer program HMR52 computes basin-average p r e c i p i t a t i o n  f o r  Probable 
Maximum Storms (PMS) i n  accordance w i t h  the c r i t e r i a  s p e c i f i e d  i n  
Hydrometeorological  Report No. 52 (Nat iona l  Weather Service, 1982). That 
Hydrometeorological  Report (HMR) descr ibes a procedure f o r  developing a 
temporal and s p a t i a l  storm p a t t e r n  t o  be associated w i t h  the Probable Maximum 
P r e c i p i t a t i o n  (PMP) est imates prov ided i n  Hydrometeorological  Report No. 51, 
"Probable Maximum P r e c i p i t a t i o n  Estimates - Un i ted  States East o f  the  105th 
Mer id ian."  The U.S. Nat iona l  Weather Serv ice (NWS) has determined the  
a p p l i c a t i o n  c r i t e r i a  i n  a cooperat ive e f f o r t  w i t h  the U.S. Army Corps o f  
Engineers and the U.S. Bureau o f  Reclamation. 

Other repo r t s ,  HMR Nos. 36, 43, 49 and 55 (NWS, 1961, 1966, 1977, and 
1983, r e s p e c t i v e l y )  descr ibe the PMP i n  other  regions o f  the  U.S., F i g  1. 
This  program, HMR52, i s  a p p l i c a b l e  on ly  t o  the  eastern U.S., and i s  in tended 
f o r  areas o f  10 t o  20,000 m i 2 .  (HMR No. 52 a l s o  conta ins a ' l -miz, 
l - h r  PMP). A t ime i n t e r v a l  as smal l  as 5 minutes can be used f o r  storm 
d e f i n i t i o n .  Before us ing  the HMR52 program, one should be thoroughly  f a m i l i a r  
w i t h  the  procedures descr ibed i n  Hydrometeorological  Report No. 52. 

F igure  1. Regions Covered by General ized PMP Studies (NWS, 1980) 

1 



The general ized PMP maps o f  HMR No. 51 are  s t i p p l e d  i n  two regions,  
i n d i c a t i n g  est imates may be d e f i c i e n t  because o f  orographic in f luences.  Major 
p ro jec ts  w i t h i n  the s t i p p l e d  area should be considered on a case-by-case basis  
and expert  hydrometeorological guidance should be sought. 

Data requ i red  f o r  a p p l i c a t i o n  o f  the HMR52 program are: 

X,Y coordinates descr ib ing  the r i v e r  bas in  
and subbasin watershed boundaries; 

* PMP from HMR No. 51 (NUS, 1978); and 
Storm o r i e n t a t i o n ,  size, center ing,  and t lm lng .  

The program computes the s p a t i a l l y  averaged PMP f o r  any o f  the subbasins or  
combinations thereof .  The Probable Maximum Flood (PMF) can then be computed 
as the r u n o f f  f rom the PMS, us ing  an appropr ia te  p r e c i p i t a t i o n - r u n o f f  program 
such as HEC-1 (Hydrologic Engineering Center, HEC, 1981). A t y p i c a l  
a p p l i c a t i o n  o f  HMR52 does no t  produce a PMS. The PMS i s  de f ined by the Corps 
o f  Engineers t o  be t h a t  storm which produces the PMF. Thus, the PMS can on ly  
be determined by computing (and maximizing) r u n o f f .  That i s ,  the  r u n o f f  
c h a r a c t e r i s t i c s  o f  a watershed must be considered i n  PMF (and the re fo re  PMS) 
development. 

HMR No. 52 requ i res  t h a t  a c r i t i c a l  storm-area size, o r i e n t a t i o n ,  
center ing  and t im ing  be determined which produces the maximum p r e c i p i t a t i o n .  
The HMR52 computer program w i l l  op t im ize  the storm-area s i z e  and o r i e n t a t i o n  
i n  order t o  produce the maximum basin-average p r e c i p i t a t i o n .  The user must 
prov ide the desi red cen te r i ng  a l though the c e n t r o i d  o f  the bas in  area i s  
prov ided as a d e f a u l t  op t ion .  

The user must spec i fy  the t ime d i s t r i b u t i o n  f o r  t h a t  storm. Using t h a t  
t ime d i s t r i b u t i o n  in fo rmat ion ,  the HMR52 program w i l l  produce a data f i l e  
con ta in ing  the incremental basin-average p r e c i p i t a t i o n  values f o r  every 
subbasin requested. That p r e c i p i t a t i o n  data f i l e  w i l l  subsequently be i n p u t  
t o  a r a i n f a l l - r u n o f f  model, such as HEC-1, f o r  computation o f  the r e s u l t i n g  
f l ood .  The user then analyzes the var ious storm var iab les  and recomputes the 
f loods  i n  order t o  determine the storm which produces the maximum r u n o f f .  
That storm and r u n o f f  a re  de f ined as the PMS and PMF, r espec t i ve l y .  

1.2 Computer Requirements 

The HMR52 computer program requ i res  a computer w i t h  45K (decimal)  words 
o f  core storage and 7 scra tch  tape/dlsk f i l e s .  P l o t s  o f  the bas in  geometry 
and storm pat te rns  can be made on a l i n e  p r i n t e r .  Sect ion 10 o f  t h i s  manual 
spec i f i es  d e t a i l e d  computer hardware and sof tware requirements. 

1.3 Acknowledgements 

The computer program HMR52 was w r i t t e n  by Paul B. E l y  o f  the  HEC. 
John C.  Peters prov ided much valuable ass is tance i n  the design o f  the 
program's c a p a b i l i t i e s  and app l i ca t i ons  methodology. 



Sect ion 2 

PROBABLE MAXIMUM STORM ANALYSIS PROCEDURE 

2.1 Probable Maximum P r e c i p i t a t i o n  D e f i n i t i o n  

Probable Maximum P r e c i p i t a t i o n  (PMP) i s  t h e o r e t i c a l l y  the greates t  depth 
o f  p r e c i p i t a t i o n  f o r  a g iven du ra t i on  t h a t  i s  p h y s i c a l l y  poss ib le  over a g iven 
s i z e  storm area a t  a p a r t i c u l a r  geographical l o c a t i o n  a t  a c e r t a i n  t ime o f  the 
year. Hydrometeorological Report No. 51 (HMR No. 51) conta ins general ized 
( f o r  any storm area)  a l l -season est imates o f  PMP f o r  the Uni ted States, east 
o f  the 105th meridian, F ig.  1. 

2.2 Probable Maximum Storm D e f i n i t i o n  

Probable Maximum Storm (PMS) i s  a hypo the t i ca l  storm which produces the 
Probable Maximum Flood from a p a r t i c u l a r  drainage basin. Hydrometeorological 
Report No. 52 (HMR No. 52) provides c r i t e r i a  and step-by-step i n s t r u c t i o n s  f o r  
c o n f i g u r i n g  a PMS us ing  PMP est imates from HMR No. 51. Key concepts upon 
which the procedures i n  HMR No. 52 are  based a re  as fo l l ows .  

2.2.1 Spa t i a l  D i s t r i b u t i o n  

The s p a t i a l  d i s t r i b u t i o n  o f  the PMP i s  governed by p r i n c i p a l s  described 
under four  headings: i sohye ta l  shape, o r i e n t a t i o n ,  storm-area size, and 
s p a t i a l  v a r i a b i l i t y .  

( i )  I sohye ta l  shape. The PMS i s  represented by e l l i p t i c a l  isohyets,  
each o f  which has a r a t i o  o f  major a x i s  t o  minor a x i s  o f  2.5 t o  1. Standard 
e l l i p s e s  have been es tab l ished con ta in ing  areas from 10 t o  60,000 m i 2  
(F ig .  2) .  I 

I H- 700 
ISOHYET AREAS 

1 - 1000 NOT SHOWN 
0 10 2 0  30 40 5 0  J -1500 0- 1 0 0 0 0  n12 

---I K-2150 P- 1 5 0 0 0  
M I L E S  L- 3000 0- 25 0 0 0  

M-4500 R-40000 
N - 6500 S- 60 0 0 0  

Figure  2. Standard Isohyeta l  Pa t te rn  (NWS, 1982) 



( i i )  O r ien ta t i on .  There i s  a  p re fe r red  o r i e n t a t i o n  f o r  storms a t  a  
p a r t i c u l a r  geographic l oca t i on .  That o r i e n t a t i o n  i s  r e l a t e d  t o  the general 
movement o f  storm systems and the d i r e c t i o n  o f  moisture-bearing wlnds. 
Contours o f  p re fe r red  o r i e n t a t i o n  are  shown i n  F ig .  3. When developing a  PMS, 
i t  i s  genera l l y  des i rab le  t o  o r i e n t  the storm t o  produce maximum p r e c i p i t a t i o n  
volume i n  the watershed. PMP w i l l  be reduced by an adjustment f a c t o r  (shown 
i n  F ig.  4 )  when the storm o r i e n t a t i o n  d i f f e r s  from the p re fe r red  o r i e n t a t i o n  
by more than 2 40 degrees. 

( i i i )  Storm-.Area Size. The average p r e c i p i t a t i o n  depth over an area i s  
PMP f o r  one and on ly  one area s ize .  This i s  the Iistorm-area size.Ii The 
average p r e c i p i t a t i o n  on areas l a rge r  or smal ler than the storm-area s i z e  i s  
l ess  than PMP f o r  the l a rge r  or  smaller areas. F ig .  5 i l l u s t r a t e s  t h i s  
concept f o r  a  storm area o f  1000 mi2. The storm-area s i z e  i s  chosen t o  
y i e l d  the maximum p r e c i p i t a t i o n  volume from a  g iven drainage basin. 

F igure  3. Pre fer red  Or ien ta t i on  f o r  PMS (NWS, 1982) 

4  
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F i g u r e  4 .  PMP o r i e n t a t i o n  Adjustment Fac tors  (NWS, 1982) 
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Figure  5 .  Comparison o f  PMP Depth-Area Re la t i on  
w i t h  1,000 m i 2  PMS (NWS, 1982) 

( i v )  S p a t i a l  V a r i a b i l i t y .  Spa t i a l  v a r i a t i o n  o f  p r e c i p i t a t i o n  i s  a  
maximum du r ing  the 6-hr pe r iod  when the maximum p r e c i p i t a t i o n  occurs. Spa t i a l  
v a r i a t i o n  diminishes f o r  the second and t h i r d  l a r g e s t  6-hr amounts. For the 
remaining 6-hr per iods,  the w i th in -s to rm p r e c i p i t a t i o n  i s  uniform, bu t  there 
i s  s p a t i a l  v a r i a t i o n  i n  the res idua l  p r e c i p i t a t i o n  occu r r i ng  ou ts ide  the 
e l l i p t i c a l  boundary t h a t  corresponds t o  the storm-area s ize.  HMR No. 52 
conta ins nomograms which express s p a t i a l  v a r i a t i o n  f o r  each 6-hr pe r iod  as a  
percent o f  PMP. Percentages f o r  se lected area s izes a re  tabu la ted  i n  Tables 1  
through 4. For each isohyet ,  the percent  o f  PMP f o r  the storm area i s  
i n t e r p o l a t e d  f rom Tables 1-4. Those percentages are  m u l t i p l i e d  times the PMP 
t o  ob ta in  p r e c i p i t a t i o n  f o r  each isohyet  f o r  each 6-hr i n t e r v a l .  A g raph ica l  
i l l u s t r a t i o n  o f  a  t y p i c a l  s p a t i a l  v a r i a t i o n  i s '  shown i n  F ig .  6. 
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Figure  6. S p a t i a l  V a r i a t i o n  i n  PMP I n t e n s i t i e s  

2.2.2 Temporal D i s t r i b u t i o n  

The f a c t o r s  governing the temporal d i s t r i b u t i o n  o f  the  PMS a re  as 
fo l l ows :  

* PMP f o r  a11 dura t ions  (up t o  3 days) occurs i n  the same PMS. The PMP 
p a t t e r n  i s  developed so t h a t  any du ra t i on  o f  storms less  than 72 hours i s  
conta ined i n  the  PMS. 

* The four  6-hr per iods w i t h  the greates t  p r e c i p i t a t i o n  may occur any t ime 
except du r ing  the f i r s t  24 hours o f  the  storm. 

* The 6-hr increments o f  p r e c i p i t a t i o n  are  arranged such t h a t  the  
increments decrease progress ive ly  t o  e i t h e r  s ide  o f  the  greates t  6-hr 
increment. An example o f  one such d i s t r i b u t i o n  i s  shown i n  F ig .  7. 

* The 6-hr increments may be d i s t r i b u t e d  i n t o  shor te r  i n t e r v a l s .  F ig.  8 
shows r a t i o s  o f  1-hr t o  6-hr p r e c i p i t a t i o n  f o r  the ' A '  i sohyet  o f  a 
20,000 mi2 storm. This  r a t i o  i s  determined f o r  the  storm-center 
l o c a t i o n  and used t o  ad jus t  r a t i o s  read from Table 5 f o r  each isohyet  
w i t h i n  the  storm-area s ize.  Maximum 5-, 1 5 ,  and 30-min i n t e r v a l s  a re  
g iven on l y  f o r  the maximum 1-hr increment w i t h i n  the  maximum 6-hr 
increment. 



Figure  7. Schematic o f  One Temporal Sequence Allowed 
f o r  6-hr Increments o f  PMP (NWS, 1982) 

F igure  8. Ra t i o  o f  l - h r  t o  6-hr P r e c i p i t a t i o n  f o r  ' A '  
I sohyet  o f  a 20,000 m i 2  Storms (NWS, 1982) 
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Sect ion 3 

PROBABLE MAXIMUM PRECIPITATION DETERMINATION 

3.1 All-Season PMP Estlmates 

General ly,  a  three-step process i s  fo l lowed i n  determining PMP i n  
nonorographic regions:  moisture maximization, t ranspos i t i on  and envelopment. 
Those processes a re  b r i e f l y  described below; HMR No. 51 gives a  complete 
exp lanat ion  o f  the PMP procedure. 

Moisture maximizat ion consis,ts o f  inc reas ing  storm p r e c i p i t a t i o n  measured 
i n  a  major h i s t o r i c  event by a  f a c t o r  t h a t  r e f l e c t s  the maximum amount o f  
moisture t h a t  could have ex i s ted  i n  the atmosphere f o r  the storm l o c a t i o n  and 
t ime o f  the year. 

Transpos i t ion  r e f e r s  t o  the process o f  moving a  storm ( i .e . ,  i sohye ta l  
p a t t e r n )  from the l o c a t i o n  where i t  occurred t o  another l o c a t i o n  o f  i n t e r e s t ,  
T ranspos i t ion  i s  c a r r i e d  out on ly  w i t h i n  a  reg ion  t h a t  i s  homogeneous w i t h  
respect  t o  t e r r a i n  and meteorology. 

Envelopment invo lves  cons t ruc t i on  o f  smooth curves t h a t  envelope 
p r e c i p i t a t i o n  maxima f o r  var ious dura t ions  and area s izes t o  compensate f o r  
data gaps. Also geographic smoothing i s  performed t o  i nsu re  reg iona l  
consis tency.  

Using those p r i n c i p l e s ,  PMPts f o r  var ious s ized area and storm durat ions 
were ca l cu la ted  by the NWS. The r e s u l t s  a re  general ized and p l o t t e d  i n  a  
ser ies  o f  f i g u r e s  (18-47) i n  HMR No. 51. One o f  those p l o t s ,  the a l l -season 
PMP f o r  the 6-hr 10-mi2 PMP, i s  i l l u s t r a t e d  here i n  F ig .  9 .  

Figure  9. All-Season PMP ( inches)  f o r  6 hours, 10 m i 2  (NWS, 1978) 
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3.2 Example Ca lcu la t i on  o f  PMP 

I t  i s  des i red  t o  ob ta in  PMP est imates f o r  the  Leon River bas in  above 
Be l ton  Reservoir ,  Texas, F ig .  10. The drainage area i s  3,660 miz; the  
l o c a t i o n  o f  the c e n t r o i d  o f  the bas ln  i s  31°45' N, 98'15' W .  

From the  PMP maps i n  HMR No. 51, the PMP values f o r  area s izes  l a r g e r  and 
smal ler  than the  drainage area a re  determlned. The a l l -season PMP f o r  6 hours 
and 10 mi2 was shown i n  F ig .  9  (which i s  F ig .  18 i n  HMR No. 51) .  Values 
taken f rom f i g u r e s  18 through 47 o f  HMR No. 51 a re  shown i n  Table 6. 

MILES 

RESERVOIR 

3 3  lo 

9@ 

J 

Figure  10. Leon River Basin, Texas (NWS, 1982) 
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Table 6 

PMP Depths (by Area and Durat ion)  f o r  
Leon River Basin 

Area Durat ion (hours)  

From the depth-area-durat ion data i n  Table 6, p l o t  PMP depth versus the 
l oga r i t hm o f  drainage area f o r  each durat ion.  Draw smooth curves f o r  each 
dura t ion .  The curves should be p a r a l l e l  or converge s l i g h t l y  w i t h  increas ing  
s ize,  as i l l u s t r a t e d  i n  F ig.  11. 

PMP (in.) 

Figure  11. Depth-Area-Duration Curves f o r  
Leon River Basin (NWS, 1982) 



I t  
depth-ar 
HMR 51 a  

i s  h i g h l y  recommended t o  p h y s i c a l l y  p l o t  the i n i t i a l  
ea-durat ion values taken from the var ious f i g u r e s  ( f i g u r e s  18-47) i n  
s shown i n  F ig .  11 o f  t h i s  users manual. This i n i t i a l  p l o t t i n g  o f  

the basic  i n p u t  data serves two func t ions .  One, i t  e l im ina tes  reader e r r o r s  
f rom basic  m i s i n t e r p r e t a t i o n  o f  values read o f f  the f i g u r e s  i n  HMR 51. 
Second, i n i t i a l  important  smoothlng o f  the basic  p r e c i p i t a t i o n  data i s  
appl  l ed .  

Using the depth-area-durat ion graph o f  F ig.  11, determine PMP depths f o r  
the storm-area s izes o f  i n t e r e s t .  A p l o t  o f  the area-spec i f i c  PMP values 
versus du ra t l on  on l i n e a r  graph paper can be used t o  ob ta in  PMP depth f o r  any 
du ra t i on  between 6  and 72 hours. The above curve f i t t i n g  i s  done 
au tomat i ca l l y  by the HMR52 program. The user need on ly  p rov ide  the 
depth-area-durat ion data, e.g. Table 6, f o r  the geographic l o c a t i o n  i n  
quest ion. Using t h i s  PMP data, the PMS i s  ca l cu la ted  as described i n  the 
next  sec t ion .  



Sect ion 4 

EXAMPLE CALCULATION OF A PMS 

To i l l u s t r a t e  the procedures g iven i n  HMR No. 52, suppose t h a t  i t  i s  
des i red  t o  de r i ve  a  storm f o r  a  storm-area s i z e  o f  3,000 m i 2  f o r  the Leon 
River basin. The storm i s  t o  be centered a t  31°45' N, 98'15' W w i t h  an 
o r i e n t a t i o n  o f  314", as shown i n  F ig .  12. 

0 5 10 
1 ' 

MILES 

3 1" 45'N 93" 1 5 ' ~  

-_-_.- 

F igure  '12, I sohye ta l  Pa t te rn  Placed on Leon River  Basln 
(NWS, 1982) 



4.1 Determinat ion o f  PMP I n t e n s i t y  versus Dura t ion  

The 
i n  F ig .  1  
addi  t i  ona 
fo l l ows :  

PMP f o r  an area o f  3,000 m i 2  (determined f rom Fig.  11) i s  shown 
3. The incrementa l  p r e c i p i t a t i o n  amounts, ca l cu la ted  ( i n c l u d i n g  
.1 smoothing) from the  cumulat ive amounts g iven i n  F ig .  13, a re  as 

6-,hr PNP 
Increment Inches Increment Inches 

DURATION- hours 

Figure  13. PMP Depth-Duration f o r  3,000 m i 2  Storm 
on Leon River  Basin 



4.2 Adjustment f o r  Storm O r i e n t a t i o n  

From F ig .  3, the  p r e f e r r e d  o r i e n t a t i o n  f o r  t h i s  storm l o c a t i o n  i s  208", 
which d i f f e r s  by 106" from the  se lec ted  o r i e n t a t i o n  o f  314". From F ig .  4 ,  
the  PMP must t he re fo re  be m u l t i p l i e d  by 0.85. The ad jus ted  PMP i s  as fo l l ows :  

6-hr 
Increment 

PMP 
Inches Increment Inches 

4.3 Determinat ion o f  Basin-Average P r e c i p i t a t i o n  

The nomograms i n  Figs. 14 through 17 are  requ i red  f o r  determin ing the 
s p a t i a l  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n .  Tables 7 through 10 show computations 
t o  determine basin-average p r e c i p i t a t i o n  f o r  the  four  l a r g e s t  6-hr 
increments. Basin-average p r e c i p i t a t i o n  f o r  the  remaining increments ( 5 t h  
through 12 th)  can be obta ined as a p ropo r t i on  o f  the 4 th  l a r g e s t  increment, 
because the  same s p a t i a l  d i s t r i b u t i o n  i s  used. For example, the 3,000 
mi2 PMP f o r  the  5 t h  l a r g e s t  increment i s  1.39 inches. Basin-average 
precipitation f o r  the increment i s  1.39 (1.69/1.79) = 1.31 inches. 
Basin-average p r e c i p i t a t i o n  f o r  the twelve increments i s  as f o l l ows :  

6-hr PMP 
Increment 
PP 

Inches Increment Inches 

4.4 Temporal Arrangement 

An acceptable temporal arrangement (F ig .  7 )  o f  the bas in  average 
p r e c i p i t a t i o n  i s  as f o l l o w s :  

6-hr Basin-Average 6-hr Basin-Average 
Per iod P r e c i p i t a t i o n  Day Per iod P r e c i p i t a t i o n  

1 1 0.64 inches 7 ' 1.3'1 
2 0.64 8 2.17 
3 0.73 3 9 8.31 
4 0.73 10 3.25 

2 5 0.80 11 1.69 
6 0.96 12 0.80 



Table 7 

Basin-Average Precipitation for Largest 6-hr Increment 

~ ~ ~ ~ ~ i " " ~ ~ ~ ~ ~ v e r ~ e  Wi th in  I sohye t  and Incremental % o f  3000 Isohyet  P r e c i p i t a t i o n  ' T I  Volunle o f  

I sohye t  I sohye t  Basin (A) Area AA sq.mi. PMP P r e c i p i t a t i o n  on AA P r e c i p i t a t i o n  

sq.mi. (9.69 i n . )  -t 1 i n .  1 i n . - s q . m i 4  i n .  -- 

Basin-Avg. Ppt.  = 30419.9 ' 3660 = 8.31 i n .  



Table 8 

Basin-Average Precipitation for Second Largest 6-hr Increment 

Basin-Avg. Ppt. = 11879.2 z 3660 = 3.25 in. -- 

Isohyet 

A 

B 

C 

D 

E ----- 

F 

G --- 
ti --- 
I 

----. 

Area 
Within 
Isohyet 

sq .mi. 

10 -- 
25 

50 
- - 

100 

175 

300 

450 

700 

1000 

Area Within 
Isohyet and 
Basin (A) 

sq.nii . 
- 

10 

2 5 

50 
- 

100 --- 
175 

300 

450 
----.- 

700 
-- 

971 
----- - ----- 

1379.4 
--- - -- 

J --- 

Incremental 
Area AA 

sq.nii . 

10 

Isohyet 
Precipitation 

in. 
-- 

4.21 

% o f  3000 
sq.mi. PMP 

(3.52 in.) 
- 

119.5 

K 
---- 

L 

M 

1500 3.51 

Average 
Preei pi tati on 

on AA 

in. 
-- 

15 

21 50 
--- 

3000 

4500 

Volume of 
Precipitation 

in.-sq.mi. 

4.15 

2 5 
-- 

50 

62.2 11 6 

1852 3.45 1683.6 

N 

4.21 

4.08 

2434 3.38 3.40 
-- 

3171 2.36 2.97 -- 
3660 489 1.58 2.17 

7-- -- 6500 

42.1 

- 
1978.8 

2188.9 

1061.1 
- -- - .-- 

100.5 
--- 

196.0 

112.5 

11 0 

288.0 

471.3 
---Ae- 

555.0 
--- 

907.5 
----- 

964.8 

7 5 
----A 

125 

150 

250 

3.96 4.02 

100.5 3.54 3.56 

108 
-- 

106 

-- --- 

3.80 ---- 
3.73 

-- --- 

3.87 

3.84 
--- 

3.77 

104 

102 

3.92 
-.- 

3.66 
---------.--.---------------- 

3.59 
----.-- 

3,70 

3.63 
-- 



Table  9 

Basin-Average P r e c i p i t a t i o n  f o r  T h l r d  Largest  6-hr Increment 

Area AA P r e c i p i t a t i o n  

1 ] Sq.mi.  I Sq.mi. I scl.mi. 1 ( 2 . 3 0 i n . ) I  i n .  I i n .  

Basin-Avg. Ppt. = 7941.0 t 3660 = 2.17 i n .  -- 



Table  10 

Basin-Average Precipitation f o r  Fourth  Larges t  6-hr Increment 

Basin-Avg. Ppt.  = f1.79 (2434) t 1193.9 + 625.91 : 3660 = 1.69 i n .  

I s o h y e t  

A 

B 
--- 

C 
-. 

D 

E 

F 

G 
- - 

H 
-- 
I 

-- 
J 

K 

L 

M 

N 

Area 
W i t h i n  
I sohye t  

sq.mi. 

10 

25 

50 

100 - 
175 

300 
--. 

Area W i t h i n  
I s o h y e t  and 
Basin (A) 

sq.mi. 

10 --- 
25 

-- 
50 

100 
-- 

175 

Incrementa l  
Area AA 

sq . m i .  

450 450 150 
A 

300 125 100 
-- 

1.79 100 

% o f  3000 
sq.mi. PMP 

(1.79 i n . )  

1.79 
--- 

1.79 

100 1.79 1.79 
-- --- 

700 

I s o h y e t  
P r e c i p i t a t i o n  

i n .  
-- 

10 

1 5  

----- 

1.79 
- - 

1.79 - 

1.79 

1000 
-pa--- 

1500 
-- - 

21 50 

7 00 -- 

--- 

- 

Average 
P r e c i p i t a t i o n  

on AA 

i n .  

2 5 
-- 

50 

7 5 

100 

100 
-- 

- 

250 
- 

Volume o f  
P r e c i p i t a t i o n  

i n . - s q  mi.  
--- 

1.79 

1.79 -- 

971 

1364 
- - -- 

1852 

100 

100 
- 

100 

100 1.79 

7 6 1.36 1.62 1193.9 
-- 

57 1.02 1.28 625.9 

27 1 

393 

488 

3000 2434 

4500 3171 
-- 

1.79 

1.79 
--- 

100 1.79 1.79 
- -- ------ 

100 1.79 1.79 
- - 
100 1.79 

-- 
582 

737 

6500 3660 48 9 

1.79 

1.79 
- 

-- 

1.79 
--- 

1.79 
-- . 
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Figure 14. Nomogram for 1st 6-hr PMP Increment 
(NWS, 1982) 



PERCENT OF 2nd 6-hrPMP INCREMENT 

Figure 15. Nomogram for 2nd 6-hr PMP Increment 
(NWS, 1982) 



PERCENT OF 3rd 6-hr PMP INCREMENT PERCENT OF 3rd 6-hr 

PMP INCREMENT 

Figure 16. Nomogram for 3rd 6-hr PMP Increment 
(NUS, 1982) 



PERCENT OF 41h THROUGH 1 2 ~ ~ 6 - h r  PMP 

Figure 17. Nomogram for 4th through 12th 6-hr PMP Increment 
(NWS, 1982) 



4.5 PMF Determinat ion 

The example j u s t  shown provides a  storm f o r  a  s p e c i f i c  storm-area s ize ,  
storm cen te r i ng  and storm o r i e n t a t i o n .  What would be requ i red  fo r  a  PMF 
ana lys is ,  however, would be the storm t h a t  produces the maximum peak 
discharge or r u n o f f  volume, depending on the p r o j e c t  purpose, f o r  the 3,660 
ml2 drainage basin.  I t  i s  t he re fo re  necessary t o  t r y  var ious 
comblnations o f  storm-area s ize,  center ing,  o r i e n t a t i o n  and temporal 
d i s t r i b u t i o n  u n t i l  maximizat ion o f  peak discharge or  r u n o f f  volume I s  
achieved. F ig.  18 i l l u s t r a t e s  how bas in  average p r e c i p i t a t i o n  var ies  w i t h  
storm-area s i z e  f o r  the Leon River basin. For the p a r t i c u l a r  cen te r i ng  and 
o r i e n t a t i o n  used i n  the example, a  storm-area s i z e  o f  2,150 m i 2  produces 
the maximum basin average p r e c i p i t a t i o n .  A s  may be deduced from the example 
problem, voluminous computations a re  requ i red  t o  determine the PMS. The 
HMR52 computer program has been developed t o  f a c i l i t a t e  t h a t  task. 

BASIN- AVERAGE PRECIPITATION - inches 

Figure 18. 18-hr Basin-Average P r e c i p i t a t i o n  f o r  
3,660 mi2 Leon River Basin 
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Sect ion 5  

COMPUTER PROGRAM HMR52 PROCEDURES 

5.1 D i g i t a l  D e f i n i t i o n  o f  Basin Geometry 

The HMR52 computer program uses a  d i g i t a l  d e f i n i t i o n  o f  the watershed 
boundaries f o r  computing basin-average p r e c i p i t a t i o n  from watershed area and 
superposed i sohye ta l  pa t te rns .  The boundary o f  a  drainage bas in  i s  de f ined by 
l i n e  segments j o i n i n g  a  sequence o f  coord inate po in t s .  The sequence o f  
boundary po in t s  should be counter-clockwise around the basin or subbasin. I f  
the d i r e c t i o n  i s  clockwise, the program w i l l  reverse the order t o  be 
counter-clockwise f o r  l a t e r  ca l cu la t i ons .  

5.1.1 Geometric Proper t ies  

The f o l l o w i n g  geometric p rope r t i es  o f  the watershed are  ca l cu la ted  us ing  
the n  boundary p o i n t s  having coordinates ( x i ,  y i ) :  

Area (A) :  -- 

Centro id coordinates (xc, y c )  : 

Moment o f  I n e r t i a  about x  and y  axes ( I x ,  I y )  : 



Product o f  I n e r t i a  about the o r i g i n  (P ) :  
x  Y 

Angle t o  r o t a t e  coordinate axes t o  produce mlnimum moment o f  i n e r t i a  about 
the x-axis.  (em) -- 

(em) = (1/2)  a rc tan  [-2P / ( I  -I ) ]  
X Y  x  Y 

f o r  I, < I . . (7a)  
Y 

. . .  . (em) (1/2) a rc tan  {[-2P ( I  1 2 fo r  I, > I (7b) 
XY  x  Y Y 

5.1.2 Coordinate Systems 

The bas in  i s  described i n  an x,y coordinate system w i t h  x-axis d i r e c t e d  
eastward and y-axis d i r e c t e d  northward. Placement o f  the coordinate system 
o r i g i n  and the coordinate u n i t s  a re  a r b i t r a r y .  

The i sohye ta l  p a t t e r n  of the PMS i s  described i n  a u,v coordinate system 
which has i t s  o r i g i n  a t  the storm center and axes p a r a l l e l  t o  the major and 
minor axes o f  the e l l i p t i c a l  pa t te rn .  The coordinate u n i t s  a re  i n  mi les .  

The t ransformat ion from the x,y axes t o  the u,v axes i s  g iven by: 

u = ( x  - x s )  cos e + ( y  - y s )  s i n  e F s  . . . . . . .  (8a)  

v  = ( y  - y s )  cos e - ( x  - xs )  s l n  e F s  . . . . . . . . .  (8b)  

where (xs ,ys)  i s  the  p o s i t i o n  o f  the storm center,  e  i s  the angle o f  
r o t a t i o n  from the x-axis t o  the u-axis,  and F s  i s  a  scale f a c t o r  i n  m i l es  
per x,y coordinate u n i t .  

5.2 Ca lcu la t i on  o f  PMP f o r  a Storm Area 

This c a l c u l a t i o n  i s  made f o r  a g iven storm area and depth-area-durat ion 
data f rom HMR No. 51. The procedure used i s  as fo l l ows :  

5.2.1 I n t e r p o l a t i o n  o f  PMP Depth-Area-Duration Curves 

The user suppl ies PMP depths f rom HMR No. 51 f o r  standard areas and 
durat ions t h a t  bracket  the storm area o f  i n t e r e s t .  S t r a i g h t  l i n e  
i n t e r p o l a t i o n  i s  used i n  the program t o  c a l c u l a t e  PMP f o r  the  storm area f o r  
durat ions o f  6, 12, 24, 48, and 72 hours (e.g. F ig .  19).  



Between 10 and 200 m i 2 ,  the e r r o r  f rom us ing  s t r a i g h t  l i n e  
i n t e r p o l a t i o n  versus curve f i t t l n g  i s  s i g n i f i c a n t .  To reduce t h i s  e r r o r ,  an 
a d d i t i o n a l  p o i n t  i s  ca l cu la ted  midway between l o g l o  10 and log10 200 
m i 2 .  This  area i s  approximately 44 .7  m i 2 ,  F ig .  19. The d i f f e r e n c e  i n  
PMP from 10 t o  200 m i 2  f o r  t h i s  curve was 8.5 inches. To est imate PMP a t  
44 .7  m12 f o r  other  l oca t i ons  an adjustment o f  1/8.5 times the d i f f e r e n c e  
i n  PMP f rom 10 t o  200 m i 2  i s  added t o  the PMP r e s u l t i n g  from s t r a i g h t  l i n e  
i n t e r p o l a t i o n .  

F igure  19. Linear Approximation o f  Depth-Area-Duration Relations 



5.2.2 M P  Depth-Duration Curve Fitting 

A logarithmic curve is fit through the depth versus log duration data 
using a least-squared-error fit. 

The equation of the curve is 

where P is PMP in inches; D is duration in 6-hr periods; S is a shift 
adjustment ranging from -1 to 2.5 6-hr periods; and a and b are derived 
constants. The shift adjustment is determined by trial and error to minimize 
the sum of squared errors to reproduce a curve such as was shown in Fig. 13. 

5.2.3 Incremental PMP Calculation 

PMP is computed from equation (9) for durations from 6 to 72 hours. 
Incremental 6-hr PMP is then computed as the difference between the values of 
PMP for successive durations. The PMP for the ith 6-hr period, Pi, is 

5.3 Calculation of PMS for Given Storm Area and Orientation 

5.3.1 Orientation Adjustment 

PMP is calculated for the storm-area size as described in Section 3. 
This PMP is multiplied by the orientation factor, Fo, which is computed from 

for /Os - Opl < 40 

OS - Op - 40 
where C1= for 40 5 10, - Opl < 65 

25 

1 for IOs - Opl 65 

f 0 for As < 300 
As - 300 

and C2 = { 2700 
for 300 5 As < 3000 

1 for As 2 3000 

where 0, is the storm orientation, Op is the preferred orientation and AS 
is the storm area. 



The ad jus ted  PMP, P i ' ,  f o r  the i t h  6-hr pe r i od  i s  ca l cu la ted  as 

5.3.2 Isohyet  values 

The percent  o f  PMP f o r  each isohyet  i s  i n t e r p o l a t e d  from the  data i n  
Tables 1  through 4 us ing  s t r a i g h t  l i n e  i n t e r p o l a t i o n  o f  percent versus n a t u r a l  
l o g  o f  area. M u l t i p l y i n g  PMP by the  percentages g ives the  p r e c i p i t a t i o n  
amount f o r  each isohyet  f o r  each 6-hr p e r i o d  f o r  a  g iven storm-area s i ze .  
Thus, the  PMP f o r  the j t h  i sohyet  and ith 6-hr pe r l od  i s  

where PCTj i s  the  percentage o f  the  PMP i n  the  jth isohyet .  

5.3.3 Ca lcu la t i on  o f  area enclosed by an e l l i p s e  and the bas in  boundary 

Coordinates o f  the boundary p o i n t s  a re  transformed t o  the PMS coord ina te  
system us ing  equat ions (8a)  and (8b) .  The i n t e r s e c t i o n s  o f  the e l l i p s e  w i t h  
t he  bas in  boundary a re  located.  Each arc o f  the  e l l i p s e  between i n t e r s e c t i o n s  
i s  approximated by 20 p o i n t s  loca ted  a t  equiangular Increments. The area o f  
t he  bas in  encompassed by the  e l l i p s e  (see F ig ,  20) i s  ca l cu la ted  f rom equat lon 
( I ) *  

\ ,- ellipse 

\ bash boundary 

Figure  20. Basin Area Encompassed by E l l i p s e  



5,3.4 Basin-average p r e c i p i t a t i o n  

The p r e c i p i t a t i o n  volume, V, between isohyets i s  com uted as the volume e o f  a t runcated cone (see F ig .  21 ) .  The volume f o r  the i 6-hr pe r iod  i s  

where subscr ip t  j i d e n t i f i e s  the isohyet  and A i s  the  drainage bas in  area 
encompassed by the e l l i p s e  corresponding t o  the  isohyet .  Basin average 
p r e c i p i t a t i o n  i s  the sum o f  volumes between isohyets d i v ided  by the drainage 
bas in  area. 

Drainage basin 
barndory 

Isohyet i 

Figure  21. Representat ion o f  P r e c i p i t a t i o n  Volume Between 
Two Isohyets w i t h  a Truncated Cone 



5.4 Ca lcu la t i on  o f  PMS f o r  Time I n t e r v a l s  Less Than 6  Hours 

A f t e r  the storm-area s i z e  and o r i e n t a t i o n  have been determined, the 
program ca l cu la tes  the temporal d i s t r i b u t i o n .  The requ i red  data f o r  t h i s  
c a l c u l a t i o n  are: the desi red t ime i n t e r v a l ,  a t ,  i n  minutes; and the r a t i o  
o f  l - h r  t o  6-hr p r e c i p i t a t i o n  f o r  the 20,000 mi2 ' A 1  isohyet ,  r e f e r r e d  t o  
as R16A20, from F i g  8. The procedure used i n  the HMR52 program i s  as fo l l ows .  

The NWS has developed a  set  o f  curves descr ib ing  the l -h r /6 -hr  r a t i o  f o r  
each isohyet  and var ious storm-area s izes  ( f i g u r e  40, NUS, 1982). Those 
curves have been tabulated by HEC i n t o  a  se t  o f  d i s c r e t e  values as shown i n  
Table 5. Those Table 5  values are  au tomat ica l l y  s p e c i f i e d  i n  the HMR52 
program (see Corn u te r  Requirements sec t ion  and Table 24). The value o f  t h a t  
r a t i o  f o r  the jtR isohyet ,  R16TAB , f o r  a  s p e c l f i c  storm-area size, i s  i i n t e r p o l a t e d  from Table 5  data us ng s t r a i g h t  l i n e  i n t e r p o l a t i o n  o f  logar i thms 
o f  the area. Those general ized values a re  adjusted b  the requ i red  i n p u t  
value, R16A20, t o  ob ta in  the requt red  r a t l o  f o r  the jih isohyet,  R l 6 j .  

The l - h r  r a i n f a l l  f o r  the j t h  i sohyet  i s  computed as 

where PI, i s  the maximum 6-hr p r e c p i t a t i o n  f o r  i sohyet  j ca l cu la ted  i n  
equat ion 113).  

A l e a s t  square quadra t ic  equat ion i s  f i t  through the 0-, I-, 6-, 12-, 
18-, and 24-hr p r e c i p i t a t i o n  amounts f o r  each isohyet .  For res idua l  
p r e c i p i t a t i o n  (ou ts ide  the storm area)  the l - h r  amount i s  omi t ted,  
P r e c i p i t a t i o n  i s  i n t e r p o l a t e d  f o r  5-, l o - ,  15-, 30-min, 2-, and 3-hr durations 
f o r  each isohyet .  The average p r e c i p i t a t i o n  over the basin i s  computed fo r  
each o f  these durat ions,  F ig.  22, 

F igure  22. PMS Depth versus Durat ion 
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Incremental p r e c i p i t a t i o n  i s  ca l cu la ted  f o r  the t o t a l  number o f  ~t 
i n t e r v a l s  f rom the basin-averaged depth versus du ra t i on  data. This r e s u l t s  i n  
a  sequence o f  i n t e r v a l s  w i t h  decreasing p r e c i p i t a t i o n  i n t e n s i t y ,  F ig.  23. 
Incremental p r e c i p i t a t i o n  i s  assumed t o  be un i fo rm w i t h i n  each 6-hr pe r iod  
beyond 24-hrs dura t ion .  These i n t e r v a l s  a re  rearranged t o  form the PMS as 
fo l l ows :  

The p o s i t i o n  o f  the l a r g e s t  6-hr increment may occur any t ime a f t e r  
the  f i r s t  24 hours o f  the storm as shown i n  F ig .  24. The seventh 
p o s i t i o n  (hours 37-42) i s  chosen by d e f a u l t .  

The l a r g e s t  ~t increment o f  p r e c i p i t a t i o n  i s  placed i n  the middle 
o f  the  l a r g e s t  6-hr p r e c i p i t a t i o n  i n t e r v a l .  The remaining ~t 
increments f o r  t h a t  6-hr pe r iod  a re  arranged a l t e r n a t e l y  be fore  and 
a f t e r  the l a r g e s t  increment. 

The remaining 6-hr i n t e r v a l s ,  w i t h  decreasing p r e c i p i t a t i o n  
magnitude, a re  arranged a l t e r n a t e l y  be fore  and a f t e r  the l a r g e s t  
6 - h r - p r e c i p i t a t i o n  i n t e r v a l ,  except the second, t h i r d ,  and f o u r t h  
l a r g e s t  6-hr increments cannot be placed i n  the f i r s t  24 hours o f  the 
storm. These increments are  placed a f t e r  the l a r g e s t  increment, i f  
t h e i r  normal p o s i t i o n  would f a l l  i n  the  f i r s t  24 hours o f  the PMS. 
The ~t increments w i t h i n  the second, t h i r d  and f o u r t h  l a r g e s t  6-hr 
increment a re  arranged t o  increase towards the storm's peak 
p r e c i p i t a t i o n .  This r e s u l t s  i n  a  t r i a n g u l a r - l i k e  hyetograph o f  PMS 
p r e c i p i t a t i o n .  

-4 A t  

Time (hours) 

Figure  23. Incremental PMS Depth Histogram 



Figure 24. Example 1-hr Distribution o f  PMS 



OPTIMIZATION OF STORM-AREA S I Z E  AND ORIENTATION 

The amount o f  p r e c i p i t a t i o n  on a  bas in  i s  a f f e c t e d  by the storm 
placement, storm-area s i z e  and storm o r i e n t a t i o n .  HMR52 uses a  procedure t o  
est imate storm-area s i z e  and o r l e n t a t i o n  which w i l l  produce maximum 
p r e c i p i t a t i o n  on the basin. This procedure w i l l  determine the opt imal  
storm-area s i z e  and o r i e n t a t i o n  f o r  most basins. However, because o f  the 
i n t e r a c t i o n  o f  storm placement and o r i e n t a t i o n ,  several t r i a l s  should be made 
t o  v e r i f y  t h a t  the opt imal  values have been found. 

6.1 Storm Center 

When the storm placement i s  no t  given, the storm center i s  placed a t  the 
bas in  cen t ro id .  

I f  the  storm o r i e n t a t i o n  i s  no t  given, a  t r i a l  o r i e n t a t i o n  a long the a x i s  
f o r  which the bas in  has a  minimum moment o f  i n e r t i a  i s  used. This o r i e n t a t i o n  
i s  se lected as an a n a l y t i c a l l y  determinable o r i e n t a t i o n  which i s  most l i k e l y  
t o  produce maximum p r e c i p i t a t i o n  on the bas in  w i thou t  regard t o  the 
o r i e n t a t i o n  adjustment f a c t o r .  Using the t r i a l  o r i e n t a t i o n  the average 
p r e c i p i t a t i o n  on the basin i s  ca l cu la ted  f o r  several  storm-area s izes  (see 
example i s  Sect ion 9). The storm-area s i z e  which produces maximum p r e c i p i t a -  
t i o n  i s  se lec ted  as the c r i t i c a l  storm-area s ize.  The c r i t i c a l  storm-area 
s i z e  may need t o  be recomputed i f  other  o r i e n t a t i o n s  or placements are  used. 

6.3 Storm O r i e n t a t i o n  

Because o f  I n t e r a c t i o n  between bas in  shape and the o r i e n t a t i o n  adjustment 
f a c t o r ,  the  t r i a l  o r i e n t a t i o n  used t o  s e l e c t  storm-area s i ze  may no t  produce 
maximum p r e c i p i t a t i o n  on the basin. Using the c r i t i c a l  s i z e  selected above, 
the  storm p r e c i p i t a t i o n  i s  ca l cu la ted  f o r  o r i e n t a t i o n s  a t  10-degree increments 
between 135 degrees and 315 degrees. Storm p r e c i p i t a t i o n  i s  then ca l cu la ted  
f o r  o r i e n t a t i o n s  a t  p lus  or minus 5  degrees f rom the previous best 
o r i e n t a t i o n .  The o r i e n t a t i o n  which y i e l d s  maximum p r e c i p i t a t i o n  on the  bas in  
i s  chosen as the c r i t i c a l  o r i e n t a t i o n .  

I f  the  c r i t i c a l  o r i e n t a t i o n  i s  n o t  the same as was used t o  s e l e c t  the 
c r i t i c a l  storm-area s ize,  the  storm-area s i z e  may have t o  be recomputed us ing  
the  c r i t i c a l  o r i e n t a t i o n .  This i s  the use r ' s  r e s p o n s i b i l i t y .  I t  i s  n o t  done 
au tomat i ca l l y .  

6.4 User Contro l  o f  Opt imiza t ion  

P r e c i p i t a t i o n  on the bas in  f o r  the purposes o f  se lec t i ng  storm-,area s i z e  
and o r i e n t a t i o n  i s  the cumulat ive p r e c i p i t a t i o n  f o r  the 3 l a r g e s t  6-hr 
per iods.  The number o f  per iods may be changed by the user. 

Storm placement, storm-area size, or o r i e n t a t i o n  may be f i x e d  by the 
user.  In a d d i t i o n  the t r i a l  o r i e n t a t i o n  used t o  s e l e c t  c r i t i c a l  storm-area 
s i z e  may be s p e c i f i e d  by the  user.  



Sect ion 7 

INPUT DATA REQUIREMENTS 

I n p u t  data a re  descr ibed i n  d e t a i l  i n  the  Appendix. Table '11 shows the 
sec t ions  o f  an i n p u t  da ta  f i l e  requ i red  t o  c a l c u l a t e  a  PMS. 

Drainage-Basin-Geometry data inc ludes  coord inates o f  p o i n t s  on the bas in  
boundary and a  sca le  f a c t o r .  

Required Hydrometeorological  data a re  the p re fe r red  storm o r i e n t a t i o n  
f rom F ig .  3 and PMP est imates f rom f i g u r e s  18-47 i n  HMR No. 51. 

The Storm,-Specif i c a t i o n  data d e f i n e  the  s  torm-area s ize,  o r i e n t a t i o n ,  and 
l o c a t i o n  o f  the storm center .  C a l c u l a t i o n  o f  a  temporal storm d i s t r i b u t i o n  
requ i res  the des i red  t ime i n t e r v a l  and r a t i o  o f  l - h r  t o  6-hr p r e c i p i t a t i o n  
f rom Fig.  8. 

Three example i n p u t  data sets  a re  g iven  i n  t h i s  document: 

Leon River-- 'Table 11 

Jones Reservoi r--'Tab'le 14 

Ouachita River--Appendix A Example 

The Leon River  a p p l i c a t i o n  i s  f o r  computation o f  the PMS over a  s i n g l e  
bas in  f o r  g iven storm-area size, o r i e n t a t i o n ,  center ing,  and t ime pa t te rn .  

The Jones Reservoir  a p p l i c a t i o n  i s  f o r  a  mul t i -subbasin r i v e r  bas in  i n  
which the storm-area s i z e  and o r i e n t a t i o n  a re  opt imized by the program f o r  the 
r i v e r  bas in  as a  whole. The storm c e n t e r i n g  was no t  s p e c i f i e d  so the d e f a u l t  
cen te r i ng  o f  the bas in  c e n t r o i d  i s  used. The t ime p a t t e r n  i s  given. Af ter  
computation o f  the PMS f o r  the e n t i r e  r i v e  basin, the PMS i s  ca l cu la ted  f o r  
each subbasin. 

'The Ouachi t a  River  example i s  s i m i l a r  t o  the  Jones Reservoir  a p p l i c a t i o n  
except t h a t  g iven storm-area s ize,  o r i e n t a t i o n  and cen te r i ng  data a re  prov ided 
a f t e r  the  o p t i m i z a t i o n  i s  comp'leted. 'That g iven  PMS i s  then ca l cu la ted  and 
subbasin p r e c i p i t a t i o n  i s  computed f o r  t h e  g iven PMS data, n o t  the opt imized 
values . 



Table 11 

Sample Input f o r  HMR52 

Job Descr ip t ion  ( Iden t i f i . c a t ion1  

I D  PROBABLE MAXIMUM STORM CALCULATION FOR EXAMPLE 1 I N  HMR NO. 52 
ID LEON RIVER AT BELTON RESERVOIR 

Drainage Basin Geometry 

BN LEON 

Data f r o m  HMR N o  . 51 and 

Storm Spec i f i ca t i . sn  



Sect ion 8 

PROGRAM OUTPUT 

8.1 P r i n t o u t  

HMR52 p r i n t e d  output  begins w i t h  a l i s t  o f  the i n p u t  data, Table 12(a) .  
If data were entered us ing  the f ree- format  opt ion,  t h i s  l i s t  shows the data 
values i n  t h e i r  proper f i e l d s .  

Table 12(b) shows i n p u t  PMP from HMR No. 51 and PMP increments f o r  each 
6-hr i n t e r v a l  and standard storm--area s i z e  as i n t e r p o l a t e d  from the HHR No. 51 
depth-area-durat ion data. 

Table 12(c)  shows coordinates o f  subbasin boundary po in t s  and subbasin 
area and c e n t r o i d  l o c a t i o n  ca l cu la ted  from these coordinates. 

Table 12(d) shows the bas in  area w i t h i n  each isohyet  and the 
p r e c i p i t a t i o n  amount assigned t o  the isohyets f o r  each 6.-hr i n t e r v a l .  This 
t a b l e  a l s o  shows the basin-average depths ca l cu la ted  from these areas and 
isohyet  values. 

When a temporal d i s t r i b u t i o n  i s  requested f o r  an i n t e r v a l  less than 6 
hours, HMR52 computes a depth versus du ra t i on  r e l a t i o n  f o r  each isohyet .  
These r e l a t i o n s  a re  shown i n  Table 12(e).  They a re  used t o  c a l c u l a t e  an 
average depth versus du ra t i on  r e l a t i o n  which I s  used t o  c a l c u l a t e  incremental 
p r e c i p i t a t i o n  f o r  the temporal d i s t r i b u t i o n  i n  Table 1 2 ( f ) .  

8.2 Er ror  Messages 

The HMR52 program recognizes some i n p u t  and computational e r r o r s  and 
p r i n t s  e r r o r  messages accordingly .  These e r r o r  messages have an 
I d e n t i f i c a t i o n  Number and T i t l e ;  Appendix B conta ins an explanat ion o f  each 
e r r o r  message. 

When an e r r o r  i s  detected by HMR52, the program w i l l  read through the 
remaining data and check f o r  i n p u t  e r ro rs .  No c a l c u l a t i o n s  w i l l  be made us ing  
the remaining data. 

The computer opera t ing  system may a l so  p r i n t  e r r o r  messages. When an 
e r r o r  occurs, the user should f i r s t  asce r ta in  i f  i t  i s  generated by HMR52 or 
by the system. I f  i t  i s  generated by HMR52 ( i .e . ,  i n  the format g iven i n  
Appendix B) r e f e r  t o  t h a t  appendix and take the i nd i ca ted  ac t ions .  I f  the 
e r r o r  i s  system generated, computer systems personnel should be contacted t o  
asce r ta in  the meaning o f  the e r r o r .  I f  these system e r r o r s  cannot be reso lved 
in-house or i f  there  i s  an e r r o r  i n  the HMR52 program, the HEC should be 
contacted, 



LINE 

1 
2 

Tab le  12  

Sample Output from HMR52 

TABLE 12 (a) 
Sample O u t p u t  from AMR52 

HEC PROBABLE MAXIMUM STORM INPUT DATA 

ID.......1.......2.......3. ...... 4.......5....,e.6.......7.......8.......9......10 
I D  PROBABLE MAXIMUM STORM CALCULATION FOR EXAMPLE 1 IN RIXR NO. 52 
I D  LEON RIVER AT BELTON RESERVOIR 

LEON 
1.0062 
46.4 
18.7 
-12.4 
-51.6 
-25.8 
5.8 

44.0 
-45.9 
-1.2 
42.0 
42.1 
-1.6 
-23.5 
-46.9 

20 8 
10 
200 
1000 
5000 

10000 
20000 

3000 
-2.2 
1.20 



* PROBABLE MAXIMUM STORM (HMR52) * * NOVEMBER 1982 * 
* REVISED 31 AUG 84 * 
* * 
* * 
* * 
......................................... 

AREA 
(SQ. MI.) 

10. 
200. 

1000. 
5000. 

10000. 
20000. 

STORM AREA 
10. 
25. 
50. 

100. 
175. 
300. 
450. 
700. 

1000. 
1500. 
2150. 
3000. 
4500. 
6500. 

10000. 
15000. 
20000. 

PROBABLE MAXIMUM STORM CALCULATION FOR EXAMPLE 1 IN HMR NO. 52 
LEON RIVER AT BELTON RESERVOIR 
PROGRAM IS GIVEN THE STORM AREA AND ORIENTATION 

PMP DEPTHS FROM HMR 51 

DURATION 
6-HR 12-HR 24-HR 48-HR 72-HR 

29.80 36.20 41.80 46.70 49.80 
22.30 27.40 33.00 37.50 41.40 
16.20 21.20 26.80 31.00 34.50 
9.30 13.10 18.10 22.60 25.90 
7.20 10.40 14.90 18.80 21.00 
5.20 8.20 11.70 15.40 18.40 

PMP DEPTHS FOR 6-HOUR INCREMENTS 
6.47 3.29 2.22 1.68 1.35 1.13 -97 
6.17 3.25 2.22 1.69 1.36 1.14 .98 
5.91 3.21 2.21 1.69 1.37 1.15 -99 
5.54 3.14 2.21 1.70 1.38 1.17 1.01 
5.25 3.09 2.20 1.71 1.40 1.18 1.02 
5.18 3.05 2.17 1.69 1.38 1.17 1.01 
5.21 3.03 2.14 1.66 1.36 1.15 -99 
5.21 3.00 2.12 1.64 1.33 1.13 -97 
5.23 2.98 2.09 1.62 1.32 1.11 .96 
4.91 2.90 2.07 1.61 1.31 1.11 .96 
4.64 2.83 2.04 1.59 1.31 1.11 .97 
4.39 2.75 2.01 1.59 1.31 1.11 .97 
4.09 2.66 1.98 1.57 1.31 1.12 .98 
3.88 2.50 1.85 1.47 1.22 1.04 .91 
3.64 2.27 1.65 1.30 1.07 .91 .80 
3.18 2.12 1.60 1.28 1.07 .92 .80 
2.84 2.00 1.55 1.26 1.07 .92 .81 

* U.S. ARMY CORPS OF ENGINEERS * 
* THE HYDROLOGIC ENGINEERING CENTER * 
'k 609 SECOND STREET * 
* DAVIS, CALIFORNIA 95616 * 
* (916) 551-1748 OR (FTS) 460-1748 * * * 
....................................... 



TABLE 1 2  (c) 
Sample  O u t p u t  from HMR52 ( c o n t i n u e d )  

BOUNDARY COORDINATES FOR LEON 

SCALE = 1 . 0 0 6 2  MILES PER COORDINATE UNIT 

BASIN AREA = 3 6 6 0 . 5  SO. M I .  

BASIN CENTROID COORDINATES, X = - 2 . 2 ,  Y = 2 . 4  



TABLE 12 ( A )  
Sample Outptlt f corn HMR52 (continoed) 

PROBABLE MAXIMUM STORM FOR LEON 
STORM AREA = 3000. SQ. MI., ORIENTATION = 134., PREFERRED ORIENTATION = 208. 

STORM CENTER COORDINATES, Y = -2.2, Y = 2.4 
AREA 

140HYGP WITHIN 
ARW BASTN DEPTHS (INCHES) FOR 6-HOUR INCREMENTS OF PMS 

(SQ.MI.\ ISQ.MI.) 1 2 3 4 5 6 7 8 9 10 11 12 

AVERAGE DEPTH 8.24 3.41 2.19 1.60 1.26 1.04 0.89 0.77 0.68 0.61 0.56 0.51 



TABLE 12(e) 
Sample Output from HMR52 (continued) 

TIME INTERVAL = 120. MINUTES 
1-HR TO 6-FIR RATIO FOR ISOHYGP A AT 20000 SQ. MI. z0.306 

DEPTH VS. DDRAT'ION 

ISCSYFP 5YIN lOMIN 15MIN 30MIN 1-HR 2-FIR 3-HR 6-AR 12-HR 18-HR 24-HR 30-HR 36-HR 42-HR 48-HR 54-HR 60-HR 66-HR 72-HR 

AVERAGE 0.21 0.42 0.63 1.21 2.18 3.69 5.07 8.24 11.64 13.84 15.43 16.69 17.73 18.62 19.39 20.07 20.68 21.24 21.75 



TABLE 12(f) 
Sample Outnut from HMR52 (continued) 

DAY 1 
TIME PRECIPITATION 

INCR TOTAL 

6-HR TOTAL 0.51 

DAY 2 
TIME PRECIPITATION 

INCR TOTAL 

DAY 3 
TIME PRECIPITATION 

INCR TOTAL 

6-HR TOTAL 1.26 

PROBABLE MAXIMUM STORM FOR LEON 

TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TOTAL INCR TOTAL 

TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TOTAL INCR TOTAL 

0800 0.95 5.48 1400 2.57 10.51 2000 0.83 17.00 
1000 1.12 6.59 1600 3.69 14.19 2200 0.72 17.72 
1200 1.34 7.94 1800 1.98 16.17 2400 0.64 18.36 

3.41 8.24 2.19 

TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TOTAL INCR TOTAL 



8.3 P r e c i p i t a t i o n  F i l e  f o r  Ra in fa l l -Runof f  Model Usage 

Hyetographs may be w r i t t e n  t o  a f i l e  f o r  use i n  a r a i n f a l l - r u n o f f  model 
such as HEC-1. 

8.2.1 Punch F i l e  

The op t i on  o f  w r i t i n g  hyetographs t o  a punch or card-image f i l e  i s  
a v a i l a b l e .  Each hyetograph i s  preceded by a l i n e  g i v i n g  the subbasin name and 
t ime i n t e r v a l  (see Table 13.) The punch data must be merged w i t h  i n p u t  data 
f o r  the r a i n f a l l - r u n o f f  model. 

8.2.2 DSS F i l e  

For computer systems where the  HEC Data Storage System (HECDSS) i s  
a v a i l a b l e ,  hyetographs may be t r a n s f e r r e d  t o  HEC-1 through a DSS f i l e .  See 
Sec t ion  9 f o r  an example. 

'Table 13 

ilPUNCHfl Output f i l e  f rom HMR52 

LEON INTERVAL = 120  MIN 
P 1 0 . 1 6 9  0 .169  0 . 1 6 9  0 .204  0 .204  0 . 2 0 4  0 .257  0 . 2 5 7  0 .257  
P I 0 . 3 4 7  0 .347  0 .486  0 . 5 2 8  0 .584  0 .950  1 .115 1 . 3 4 3  2 . 5 7 1  
P 1 1 . 9 8 0  0 .826  0 .720  0 .644  0 . 4 2 0  0 .420 0 .420  0 . 2 9 5  0 . 2 9 5  
P 1 0 . 2 2 8  0 .228  0 .228  0 .185  0 . 1 8 5  0 . 1 8 5  



Sect ion 9 

EXAMPLE APPLICATION 

9.1 I n t r o d u c t i o n  

F ig.  25 shows the  watershed above Jones Reservoir .  HMR52 i s  used t o  
develop PMS hyetographs f o r  the  fou r  subbasins. HEC-1 i s  used t o  c a l c u l a t e  
and rou te  the PMF through Jones Reservoi r .  The hyetographs a re  t r a n s f e r r e d  
f rom HMR52 t o  HEC-1 us ing  the  HEC Data Storage System (DSS). The HMR52 i n p u t  
data f o r  t h i s  example a re  shown i n  Table 14. 

9.2 mR52 Inpu t  and Output 

9.2.1 PMS f o r  To ta l  Basin 

Data f o r  t o t a l  bas in  a r e  shown on l l n e s  2-32 o f  Table 14. The 
boundary o f  the  t o t a l  watershed was d i g i t i z e d  and entered on BX and BY cards. 
Depth-area-durat ion data f rom HMR No. 51 have been pu t  on HP cards. The 
p r e f e r r e d  storm o r i e n t a t i o n  i s  on an HO card. 

Storm-area s i z e  and o r i e n t a t i o n  are  shown as zeroes on the  SA card, so 
HMR52 w i l l  se lec t  the storm-area s i z e  and o r i e n t a t i o n  which produce maximum 
p r e c i p i t a t i o n  on the  watershed. Tables 15(a) and 15(b)  show average 6-hr 
incrementa l  depths f o r  var ious storm-area s izes and o r i e n t a t i o n s  used I n  t he  
s e l e c t i o n  process. By d e f a u l t ,  HMR52 w i l l  maximize the basin-average 
p r e c i p i t a t i o n  f o r  the  th ree  l a r g e s t  6-hr increments. 

F igu re  25. Jones Reservoir  Watershed 



LINE 

TABLE 14 
RMR52 Inwut for Jones R e s e r v o i r  

HEC PROBABLE MAXIMUM STORM INPUT DATA PAGE 1 

ID ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
ID HMR52 INPUT DATA FOR SAMPLE PME' CALCULATION 

TOTAL 
1 

27.9 
25.1 
18.4 
22.4 
25.4 
32.2 
39.4 
42.2 
39.5 
33.5 
89 .1 
92.0 
86.6 
83.2 
79.5 
75.4 
75.6 
83.8 
91.8 
90.9 
203 
10 
200 

1000 
5000 

10000 
20000 

0 
120 



LINE 

TABLE 14 
HMR52 Input for Jones Reservoir (continue?) 

HEX PROBABLE MAXIMUM STORM INPUT DATA 

ID ....... 1.......2.......3.......4.......5.......6.......7.......8...s...9......10 
PAGE 2 
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I n  Table 15(a),  storm p r e c i p i t a t i o n  i s  ca l cu la ted  f o r  var ious storm-area 
s izes .  Storm o r i e n t a t i o n  was chosen f o r  t h i s  t a b l e  by min imiz ing  the moment o f  
i n e r t i a  about the major a x i s  o f  the e l l i p t i c a l  storm pat te rn .  I n  Table 15(b)  
the  storm-area s i z e  i s  f i x e d  a t  the s i z e  which produced maximum p r e c i p i t a t i o n  
on the watershed i n  Table 15(a) ,  and o r i e n t a t i o n  i s  var ied  f rom 140 t o  310 by 
ten-degree increments. The l a s t  two storms i n  Table 15(b) have o r i e n t a t i o n s  
which a re  f i v e  degrees t o  e i t h e r  s ide  o f  the best previous o r i e n t a t i o n ,  By 
coincidence, the best o r i e n t a t i o n  i s  285 , so the l a s t  two l i n e s  are  repeats 
o f  storms ca l cu la ted  prev ious ly .  

9.2.2 Subbasin Hyetographs 

Data f o r  the four  subbasins fo l l ows  the data f o r  the t o t a l  watershed 
i n  the HMR52 inpu t ,  Table 14. HMR52 uses the same storm s p e c i f i c a t i o n s  as 
were developed f o r  the t o t a l  bas in  t o  c a l c u l a t e  po r t i ons  o f  the storm 
occu r r i ng  over each subbasin. These storms a re  shown i n  Tables 16 through 19. 

A ZW card i s  Inc luded w i t h  data f o r  each subbasin t o  i n d i c a t e  t h a t  the 
storm hyetographs a re  t o  be w r i t t e n  t o  a  DSS f i l e .  

NOTE - HECDSS has been developed f o r  Corps o f  Engineers use a t  se lec ted  
computer s i t e s .  DSS subrout ines a re  no t  genera l l y  a v a i l a b l e  t o  non-Corps 
users. Users w i thou t  access t o  DSS should use the punch ( tape )  f i l e  op t i on  o f  
the program, see sec t i on  8.2.1. 

9.3 HEC-1 Inpu t  and Output 

The r a l n f a l l - r u n o f f  model HEC-1 was used t o  c a l c u l a t e  the r u n o f f  f rom the 
storm hyetographs. Table 20 shows HEC-1 i n p u t  data f o r  t h i s  app l i ca t i on ,  and 
Table 21 shows HEC-1 summary output  f o r  the storm generated by HMR52. 

9.4 PMF Ca lcu la t i on  

The o b j e c t i v e  o f  c a l c u l a t i n g  a  PMF i s  t o  ob ta in  the l a r g e s t  f l o o d  which 
may reasonably occur over the watershed. Because o f  hydro log ic  
c h a r a c t e r i s t i c s  o f  a  watershed, the l a r g e s t  f l o o d  may not  r e s u l t  f rom the 
storm which produces the most p r e c i p i t a t i o n .  

Several t r i a l s  were made t o  c a l c u l a t e  the PMF f o r  Jones Reservoi r .  
Results from these t r i a l s  a re  tabu la ted  i n  Table 22. 

T r i a l  1: used storm-area s i z e  and o r i e n t a t i o n  selected by HMR52; d e f a u l t  
value f o r  p o s i t i o n  o f  peak 6-hr i n t e r v a l ;  basin c e n t r o i d  f o r  storm center  
l oca t i on ,  see F ig .  26. 

T r i a l  2: same as t r i a l  1, except peak 6-hr i n t e r v a l  i s  s h i f t e d  t o  the 
10th p o s i t i o n  (hours 54-60). This r a i s e d  the peak f l o w  s l i g h t l y  so the 10th 
p o s i t i o n  was used f o r  subsequent t r i a l s ,  except t r i a l  6. 

T r i a l  3: same as t r i a l  2, except the i sohye ta l  p a t t e r n  was centered on 
the watershed by v i s u a l  adjustment o f  the storm center .  

T r i a l  4: same as t r i a l  3, except a  smaller storm-area s i z e  was used. 



T r i a l  5: Since subbasins 1, 2, and 3 produce most o f  the runo f f ,  the 
storm was centered over these subbaslns. 

T r i a l  6: same as t r i a l  1, except the order o f  the 6-hr increments I s  as 
shown i n  F ig.  7. 

9 . 5  Conclusions and Recommendations 

The adopted PMF f o r  t h l s  watershed would be the f l o o d  ca l cu la ted  i n  t r i a l  
2. The r e s u l t s  from t r i a l  1, us ing  program defau l ts ,  could e a s i l y  be adopted 
f o r  the PMF, s ince the d i f f e rence  i s  less  than 0.4 percent f o r  peak i n f l o w  and 
l ess  than 0.7 percent f o r  peak out f low.  

I n  most cases d e f a u l t  values I n  HMR52 w i l l  s u f f i c e  t o  determine the 
PMF. Exceptions w i l l  occur where the bas in  has an i r r e g u l a r  shape or  unusual 
hydro log ic  c h a r a c t e r i s t i c s .  Considerat ion o f  the f o l l o w i n g  c h a r a c t e r i s t i c s  
may be use fu l  i n  s e l e c t i n g  parameters f o r  a l t e r n a t i v e  t r i a l s :  

r e l a t i v e  t lm lng  o f  r u n o f f  f rom subbasins 

d i r e c t i o n  o f  major stream 

p rox im i t y  o f  storm center t o  a  major stream 

r e l a t i o n s h i p  between storm-area isohyet  and basin boundary 

F igure  26. Storm Pa t te rn  f o r  T r i a l s  1, 2, and 6 

5 5  



TABLE 16 
Probable Maximum Storm for Subbasin 1 

DAY l 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PReCIPITATION 

INCR TOTAL 

DAY 2 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 

6-HR TOTAL 1.1 5 

DAY 7 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 

1400 0.15 25.14 
1.600 0.15 25.29 
1800 0.15 25.44 

TIME PRECIPITATION 
INCR TOTAL 

6-HR TOTAL 0.87 



TABLE 1 7  
Probable Maximum Storm for Subbasin 2 

DAY 1 
TIME PRECIPITATION 

INCR TOTAL 
TIYE PRECIPITATION 

INCR TOTAL 
TIME PRECIPITATION 

INCR TOTAL 
TIME PRECXPITATION 

INCR TOTAL 

DAY 2 
TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION TIME PRECXPITATION 

INCR TOTAL INCR TOTAL INCR TOTAL INCR TOTAL 

6-HR TOTAL 1.1 2 3.23 1.5.75 1 . 6 6  

DAY 3 
TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION 

INCR TOTAL INCR TOTAL INCR TOTAL INCR TOTAL 



TABLE 18 
Probable Maximum Storm for Subbasin 3 

DAY I 
TIME PReCIPITATION 

INCR TOTAL 

DAY 2 
TIME PRECIPITATION 

INCR TOTAL 

6-HR TOTAL 1.12 

3 
TIME PRECIPITATION 

INCR TOTAL 

6-HR TOTAL 0.85 

TIME PRECIPITATION 
INCR TOTAL 

TIME PRECIPITATION 
INCR TOTAL 

0800 0.80 3.81 
1000 1.02 4.83 
1200 1.34 6.17 

3.16 

TIME PRECIPITATION 
INCR TOTAL 

TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TQTAL 

TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TOTAL 

1400 3.93 10.10 2000 0.65 21.77 
1600 8.44 18.54 2200 0.54 22.30 
1800 2.57 21.11 2400 0.47 22.77 

14.94 I .65 

TIME PRECIPITATION TIME PRECIPITATION 
INCR TOTAL INCR TOTAL 



TABLE 1 9  
Probable Maximum Storm for Subbasin 4 

DAY 1 
TIME PRECIPITATION TIMe PRECIPITATION TIME PRECIPITATION TIME PWIPITATION 

INCR TOTAL INCR TOTAL INCR TOTAL XNCR TOTAL 

DAY 2 
TIME PRECIPITATION TIW PRECIPITATION TIME PRECIPITATION TIME PRECIPITATION 

INCR TOTAL INCR TOTAL INCR TOTAL INCR TOTAL 

6-HR TOTAL 1.16  3.25 15 .62  1.70 

DAY 3 
TIME PRECIPITATION TIME PRECIPITATION TIME PRECIPTTATION TIME PRECIPITATION 

INCR TOTAL INCR TOTAL INCR TOTAL INCR TOTAL 

6 -,HR TOTAL 0.88 0.59 0.45 0.36 



TABLE 20 
HEC-1 I n p u t  for Jones R e s e r v o i r  W a t e r s h e d  

HEC-1 INPUT PAGE 1 

LINE ID.. ..... 1........2.......3.......4.......5......~6,......7.......8.......9......10 
I D  HEC1 DATA FOR SAMPLE PMF CALCULATION 
I T  120 OlJAN99 0000 50 
I0  5 

KK 1 
KM BEAR CREEK INFLOW INTO JONES RESERVOUR 
BA 51.80 
ZR = P I  A=SAMPLE C=PRECIP-INC 
LU 1 .06 
US 9.00 .45 
BF -3. -.35 1.0092 

KK 4 
KM LOCAL RUNOFF INTO JONES RESERVOIR 
RA 20.30 

KK 1+4 
KM BEAR CREEK AND LOCAL INFLOW COMBINED 
HC 2 

KK 2 
KM DEER CREEK INTO JONES RESERVOIR 
BA 98.60 
ZR = P I  
LU 1 -06 

-... 
KM S K ~  HOLLOW INTO JONES RES 
BA 116.90 

KK 2+3 
KM COMBINED FLOW FROM DEER CR AND SKUNK HOLLOW 
HC 2 

KK INFLOW 
KM TOTAL INFLOW INTO JONES RES 
HC 2 

KK JONES 
KY ROUTE THROUGH JONES RES 
RS I FLOW -1 
SV 12869 13000 22000 36000 54000 82000 110700 118000 126000 134000 
SV 143000 146500 

0 12000 13000 14000 15000 16000 17000 30000 54000 86000 g8 128000 160000 
22 



HEC-1 Summary Output f o r  T r i a l  1  

RUNOFF S-Y 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, ARFA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
OPERATT ON STATION FLOW PEAK 6-HOUR 24-HOrJR 72-HOUR AREA 

BASIN 

HYDROGRAPH AT 1 

HYDROGRAPH AT 4 

2 COMBINED AT 1.+4 

HYDROGRAPH AT 2 

HYDROGRAPH AT 3 

2 COMBINED AT 2 + 3  

2 COMBINED AT INFLOW 

ROUTED TO JONES 

Tab le  22 

Summary o f  PMF C a l c u l a t i o n s  

T r i a l  

P o s i t i o n  o f  Storm Center 
Peak 6-hr Storm Area O r i e n t a t i o n  x Y 
I n t e r v a l  mi 2 -. degrees m i l e s  m i l e s  - --. 

T o t a l  Peak 
R a i n f a l l  I n f l o w  

inches c f s  

Peak 
Outf low 

c f  s  

*Temporal d i s t r i b u t i o n  based on F i g .  7 .  

6 1 



Sect ion 10 

COMPUTER REQUIREMENTS 

10.1 Source Language 

HMR52 source code i s  w r i t t e n  i n  FORTRAN 77. I t  must be compiled w i t h  a 
Fo r t ran  77 compiler or a Fo r t ran  compiler which can i n t e r p r e t  IF-THEN-ELSE- 
ENDIF statements. 

10.2 Core Storage 

Program HMR52 uses 220K bytes on a H a r r i s  500 computer or 45K words 
(decimal)  on a CDC 7600. Table 23 gives storage requirements and compile and 
execut ion t imes. Data f o r  other computers w i l l  be added t o  the t a b l e  as i t  i s  
suppl l e d  by users. 

Table 23 

Memory and Time Requirements 

Computer H a r r i s  500 CDC Cyber 175 

Memory 220K bytes 45K words 

Compile t ime 9 3 
(CPU sec) 

Execut ion t ime* 43 
(CPU sec) 

*Execution t ime i s  f o r  example data i n  Sect ion 9, Table 14. 



10.3 F i l e  S t ruc tu re  

HMR52 uses 6 d i sk  f i l e s :  

i npu t ,  card or card image; 
output ,  format ted f o r  132 column p r i n t e r ;  
punch ; 
two scra tch  f i l e s ;  and 
a t a b l e  f i l e .  

F i l e  c h a r a c t e r i s t i c s  a re  l i s t e d  i n  Table 24. 

The t a b l e  f i l e  ( u n i t  INP52) conta ins data l i s t e d  i n  Tables 1-5. Data on 
t h i s  f i l e  a re  read i n t o  the program's working storage a t  the beginning o f  each 
execution. 

10.4 HEC-Supplied Magnetic Tape 

HEC programs are  d i s t r i b u t e d  on h a l f  i nch  by 2400 f o o t  magnetic tapes. 
F i l e s  on the tape f o r  HMR52 a re  the source code, a f i l e  con ta in ing  data f rom 
Tables 1-4 and 10, sample i n p u t  data, and the cu r ren t  i n p u t  d e s c r i p t i o n  f o r  
HMR52, 

The source code on the tape conforms t o  ANSI standards f o r  Fo r t ran  77 .  
The code i s  no t  intended f o r  a p a r t i c u l a r  computer, a l though minor changes may 
be necessary t o  use the program on d i f f e r e n t  machines. 

The sample i n p u t  data are  the same as used i n  Sect ion 9. This data may 
be used t o  v e r i f y  t h a t  the program i s  working c o r r e c t l y .  

10.5 Machine-Specif ic Code 

The on ly  code i n  the HMR52 source code which i s  s p e c i f i c  t o  a p a r t i c u l a r  
computer i s  the  use o f  subrout ines DATE and TIME i n  subrout ine BANNER. These 
subrout ines r e t u r n  the cu r ren t  date and time. This i n fo rma t ion  i s  p r i n t e d  on 
the  banner output  page t o  i d e n t i f y  when a run  i s  made. Some code 
mod i f i ca t i ons  may be requ i red  s ince subrout ines DATE and TIME a re  no t  standard 
on a l l  machines. These subrout ine c a l l s  can be removed w i thout  a f f e c t i n g  the 
program's performance. 



Table 24 

File Characteristics 

Fortran Variable 
UnitNo. Name Description 

Maxi mum 
Record Length 

5 INP Input data 80 characters 

6 I PRT Printer output 132 characters 

7 IPNCH File output* 80 characters 

19 SCRT'CH scratch; used to convert 5 characters 
time from 411 to A4 format 

20 I C working data file; contains 89 characters 
reformatted input data with 
line number and next card 
is appended to beginning 
of each card 

5 2 INP52 contains data tables from 80 characters 
HMR No.  52 

-.---- ----- 
* This file maybe punched or saved on disk/tape for use as input to a 
rainfall-runoff model. 
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HMR52 INPUT DESCRIPTION 

INPUT FORMAT 

I npu t  data i s  read from cards or card images. Each card i s  d i v ided  i n t o  a 
two-column card i d e n t i f i c a t i o n  f i e l d  (columns 1 and 2) and ten data f i e l d s .  The 
f i r s t  data f i e l d  has s i x  columns (columns 3-8). The remaining n ine  f i e l d s  each 
have e i g h t  columns. 

F i e l d  0 (zero)  i s  the  card i d e n t i f i c a t i o n  f i e l d  (columns 1 and 2 ) .  F i e l d  1 
i s  the  f i r s t  data f i e l d  (beginning i n  column 3) .  

Under the value heading a p lus  ( + )  i s  used t o  i n d i c a t e  where numeric values 
should be entered. A blank numeric value i s  i n t e r p r e t e d  as a zero. (AN) 
i nd i ca tes  t h a t  alphanumeric characters may be entered. 

Data may be entered on the cards i n  e i t h e r  F R E E  FORMAT or F I X E D  FORMAT 
( d e f a u l t ) .  The FORMA'T ( f i x e d  or f r e e )  i s  c o n t r o l l e d  by a swi tch which can be 
changed a t  anytime by i n s e r t i n g  a * F I X  or  a *FREE card i n  the data deck. 

For F R E E  FORMAT each i t em i s  separated by one or more blanks or a comma. A 
b lank f i e l d  i s  designated by two successive commas. There may be more or l ess  
than ten coordinates on a BX or BY card.  'The F R E E  FORMAT reader w i l l  t r e a t  
these cards as i f  they were on continuous cards. 

For F I X E D  FORMAT each number which does not  conta in  a decimal p o i n t  must be 
r i g h t  j u s t i f i e d  i n  i t s  f i e l d .  

A * F I X  card i n d i c a t e s  t h a t  the f o l l o w i n g  data cards use F I X E D  FORMAT, and 
a * F R E E  i nd i ca tes  F R E E  FORMAT. The format may be changed as o f t e n  as desi red 
and a t  any l o c a t i o n  i n  the data deck. 

Comments may be placed anywhere i n  the i npu t  deck on cards w i t h  double 
a s t e r i s k s  ( * * )  i n  t he  card i d e n t i f i c a t i o n  f i e l d ,  



HMR52 INPUT DESCRIPTION 

CARD SEQUENCE 

Cards are  grouped by drainage basin. A BN card i s  used t o  i n d i c a t e  the  
beginning o f  data f o r  a  basin. The next  cards a re  the BS, BX, and BY cards 
which describe the bas in  boundary. Next come the HO and HP cards which have 
meteorological  data f rom HMR No. 52 and HMR No. 51, then the SA, SC, SD, and ST 
cards conta in ing  data f o r  a  p a r t i c u l a r  storm. 

The cards f o r  a  drainage basin may be fo l lowed by another group, beginning 
w i t h  a  BN card f o r  a  d i f f e r e n t  drainage basin, or a  GO card fo l lowed by 
d i f f e r e n t  storm data f o r  the cur ren t  basin,  or a  ZZ card i n d i c a t i n g  the end o f  
data f o r  t h i s  job. 

Wi th in  a  card group (beginning w i t h  BN or GO card)  the cards may be placed 
i n  any order .  However, i t  i s  h e l p f u l  t o  use a  cons is ten t  order such as 
a lphabe t i ca l  order.  

DATA REPETITION 

Once data has been read by the  program i t  i s  re ta ined  i n  memory u n t i l  a  new 
card  o f  the  same type i s  read. For example, the  HO or  HP cards need on ly  accur 
i n  t he  data f o r  t he  f i r s t  drainage bas in  and not  repeated f o r  each subsequent 
basin. S i m i l a r l y ,  once the  storm area and o r i e n t a t i o n  have been establ ished, 
they w i l l  be used f o r  a l l  subsequent c a l c u l a t i o n s  u n t i l  a  new SA card i s  read. 

The on ly  cards which must be inc luded f o r  each new drainage basin a r e  the 
BN, BX, and BY cards. A l l  o ther  cards may be omi t ted  f o r  a new bas in  and the  
storm w i l l  be c a l c u l a t e d  us ing  data f rom the prev ious basin. 



HMR52 INPUT DESCRIPTION 

BN 
BA CARD - BASIN AREA 

This card i s  an op t i ona l  card which i s  placed a f t e r  the BN card. A BA card 
i s  requ i red  when a storm i s  ca l cu la ted  us ing  isohyet  areas on S I  cards and 
boundary coordinates a r e  not  given. The area on a BA card i s  not  used i f  
boundary coordinates a r e  given. 

FIELD VARIABLE - - -  VALUE DESCRIPTION 

0 I D  8 A Card i d e n t i f i c a t i o n .  

1 BAREA + Subbasin area i n  square mi les .  

BN CARD - BASIN NAME 

The BN card i s  placed a t  the beginning o f  data f o r  each drainage basin and 
i d e n t i f i e s  the basln.  

FIELD VARIABLE -- VALUE DESCRIPTION 

0 I D  8 N Card i d e n t i f i c a t i o n .  

1 NAME AN Alphanumeric name f o r  drainage bas in  described by 
data on f o l l o w i n g  cards. (Maximum 8 characters f o r  
F R E E  FORMAT, 6 characters f o r  F I X E D  FORMAT.) 



HMR52 INPUT DESCRIPTION 

BS CARD - SCALE 

FIELD VARIABLE VALUE -.,."., DESCRIPTION 

0 I D  BS Card i d e n t i f i c a t i o n .  

1 SCALXY t Scale o f  boundary coordinates i n  mi les  per 
coordinate u n i t .  

BX CARD - BOUNDARY COORDINATES 

BX and BY cards conta in  X and Y coord inates f o r  p o i n t s  on the bas in  
boundary. The p o i n t s  may be entered i n  e i t h e r  c lockwise or counter-clockwise 
d i r e c t i o n .  The beginning p o i n t  should no t  be repeated s ince the program 
au tomat i ca l l y  closes the  boundary. 

The program counts the  number o f  boundary po in t s  by f i n d i n g  the l a s t  
non-zero value on a se r ies  o f  BX or  BY cards. 

I f  both BA and S I  cards a r e  used, BX and BY card may be omitted. 

FIELD VARIABLE - -- VALUE DESCRIPTION 

0 I D  B X Card i d e n t i f i c a t i o n .  

1 -  XB t X-coordinates o f  drainage basin boundary. 
Corresponding t o  y-coordinates on BY cards. 
(Maximum - 100 values.) 



HMR52 INPUT DESCRIPTION 

BY 
GO BY CARD - BOUNDARY COORDINATES 

FIELD VARIABLE VALUE - DESCRIPTION 

0 I D  BY Card i d e n t i f i c a t i o n .  

1-10 YB t Y-coordinates o f  drainage basin boundary 
corresponding t o  x-coordinates on BX card. 
(Maximum - 100 values.)  

GO CARD - COMPUTE STORM WITH CURRENT DATA 

The GO card i s  used t o  i n d i c a t e  the  end o f  data f o r  a PMS ca l cu la t i on .  The 
computer w i l l  c a l c u l a t e  the PMS us ing  the  cu r ren t  data be fore  reading the  next  
card. A GO card i s  no t  requ i red  i f  the  nex t  card i s  a  BN card or a ZZ card. 

FIELD VARIABLE VALUE -.-.. DESCRIPTION 

0 I D  G 0  Card i d e n t i f i c a t i o n .  



HMR52 INPUT DESCRIPTION 

HO CARD - PREFERRED ORIENTATION 

FIELD VARIABLE VALUE DESCRIPTION 

0 I D  H 0 Card I d e n t i f i c a t i o n .  

1 PORNT t Pre fer red  probable maximum storm o r i e n t a t i o n  f rom 
HMR No. 52. 

HP CARD - DEPTH-AREA-DURATION DATA 

Use one HP card  f o r  each storm area (10, 200, 1000, 5000, 10000, and 20000 
square m i les ) .  S i x  HP cards a re  requi red,  one f o r  each area. 

FIELD VARIABLE VALUE DESCRIPTION 

0 I D  HP Card i d e n t i f i c a t i o n .  

1 AREA51 + Storm area from HMR No. 51 f o r  PMP i n  F ie lds  2-6. 

2 HSlDAD(1, J)  t Probable maximum p r e c i p i t a t i o n  f o r  6 hour du ra t i on  
f o r  storm area i n  F i e l d  1, from HMR No. 51. 

3-6 HSlDAD(1,J) t S im i la r  t o  F i e l d  2 f o r  dura t ions  o f  12, 24, 48 and 
72 hours. 



ID HMR52 INPUT DESCRIPTION 

I D  CARD - JOB IDENTIFICATION 

The contents o f  t h i s  card a re  read and p r i n t e d  immediately a f t e r  be ing  
read. There i s  no l i m i t  on the number o f  I D  cards. I D  cards a re  u s u a l l y  p laced 
a t  t he  beginning o f  a  data se t  t o  p rov ide  t i t l e  in fo rmat ion .  They may be p laced 
w i t h i n  a data set  t o  descr ibe i n d i v i d u a l  basins or storm c a l c u l a t i o n s .  

FIELD VARIABLE VALUE DESCRIPTION 

0 I D  I D  Card i d e n t i f i c a t i o n .  

1-10 TITLE AN Alphanumeric j ob  t i t l e  or desc r i p t i on .  



PL CARD - PLO'T CONTROL PL 
The PL card i s  used t o  c o n t r o l  p r i n t e r  p l o t s  o f  the drainage bas in  boundary 

and PMS isohyets.  

FIELD VARIABLE --- -- P 

VALUE DESCRIPTION 

0 I D  P L Card i d e n t i f i c a t i o n .  

1 PLTY P 0 No p l o t s .  

1 P l o t  drainage bas in  boundary. 

2 P l o t  drainage bas in  boundary w i t h  PMS isohyets. 

3 Make two p l o t s ,  a p l o t  o f  drainage basin boundary 
and a p l o t  o f  the boundary w i t h  PMS isohyets.  

2 CHRPIN + Characters per inch  f o r  p r i n t e r  p l o t .  Defaul t  i s  
10. ) 

3 LINPIN + Lines per i nch  fo r  p r i n t e r  p l o t .  (Defau l t  i s  6 . )  



HMR52 INPU'T DESCRIPTION 

PU CARD - SAVE PMS ON FILE 

The PU Card i s  used t o  c o n t r o l  w r i t i n g  the  PMS t o  a f i ' l e .  The d e f a u l t  
format  i s  (2HPI,F6.2,9F8.2). 

FIELD VARIABLE, -- VALUE DESCRIPTION 

0 I D  P U Card i d e n t i f i c a t i o n  

1 PUNCH ON W r i t e  PMS p r e c i p i t a t i o n  t o  save f i l e  

OFF' 

2-10 PUNFMT AN 

Do no t  w r i t e  PMS t o  save f i l e  
( d e f a u l t ) .  

Format t o  be used i n  w r i t i n g  t o  save 
f i l e .  I f  F i e l d s  2-10 a r e  blank the  
p rev ious l y  de f ined  format w i l l  be 
used. 

NOTE: For program f i l e s  maintained by HEC on HARRIS the  save f i l e  i s  
W8 by d e f a u l t ,  and may be changed a t  the execut ion t ime by: 

HMR52, PUNCH=save f i l e .  

On CDC computers the  save f i l e  i s  TAPE7 by d e f a u l t  and may be changed 
a t  execut ion t ime by: 

HMR52, I N f i l e ,  OUTfi le,  SAVEfile. 

On MS-DOS compat ib le  microcomputers (PC's),  the save f i l e  i s  UNIT8 by 
d e f a u l t  and may be changed a t  execut ion  t ime by: 

HMR52, I N f i l e ,  OU'Tfile, SAVEfile. 



HMR52 INPUT DESCRIPTION 

SA CARD - STORM AREA AND ORIENTATION 

FIELD VARIABLE --- VALUE DESCRIPTION 

0 I D  S A Card i d e n t i f i c a t i o n .  

1 PMS A + Probable maximum storm area s i z e  i n  square mi les.  

I f  PMSA i s  zero, the program w i l l  compute PMS f o r  
several  area s izes and se lec t  the  area s i z e  which 
produces maximum p r e c i p i t a t i o n  on the drainage 
bas in  f o r  t he  s p e c i f i e d  number o f  6-hour periods. 

2 ORNT 

3 NINCS 

+ Probable maximum storm o r i e n t a t i o n  i n  degrees, 
clockwise from nor th .  (Range i s  135-315 degrees.) 

I f  ORNT i s  l ess  than or equal t o  zero, the program 
w i l l  compute PMS f o r  several o r i e n t a t i o n s  and 
se lec t  t he  o r i e n t a t i o n  which produces maximum 
p r e c i p i t a t i o n  on the drainage basin f o r  the  
spec i f i ed  number o f  6-hour per iods.  

0 I f  ORNT i s  zero, the o r i e n t a t i o n  which minimizes 
moment-of- inert ia f o r  the drainage basin about the  
major a x i s  w i l l  be used t o  est imate PMSA when F i e l d  
1 i s  zero. 

- I f  ORNT i s  negat ive, the absolute value o f  ORNT 
w i l l  be used t o  est imate PMSA when F i e l d  1 i s  zero. 

+ Number o f  6-hour per iods t o  use For computing 
maximum p r e c i p i t a t i o n  on the drainage bas in  
( d e f a u l t  i s  3).  
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SC 
SD SC CARD - STORM CENTER CORRDINATES 

The storm center  w i l l  be loca ted a t  the  drainage bas in  cen t ro id  i f  an SC 
card i s  no t  used. 

FIELD VARIABLE -- - - VALUE DESCRIPTION 

0 I D  SC Card i d e n t i f i c a t i o n .  

1 XCEN + X-coordinate o f  storm center .  

2 YCEN t Y-coordinate o f  storm center .  

SD CARD - ARRANGEMENT OF 6-HR INCREMENTS I N  PMS TEMPORAL DISTRIBU'TION 

Th is  card  y i ves  the  arranyment o f  6-hr increments o f  p r e c i p i t a t i o n  i n  t h e  
PMS. The d e f a u l t  arrangement ( i f  no SD card i s  g iven)  i s :  12, 10, 8, 6, 4, 2, 
1, 3, 5, 7, 9, 11 where the numbers i n d i c a t e  the l a r g e s t  ( 1 )  t o  smal lest (12) 
6-hr increment. 

I f  SD cards a r e  inc luded i n  a data set,  a l l  twelve increments must be 
l i s t e d  on two cards. 

FIELD VARIABLE - --- VALUE DESCRIPTION 

0 I D  SD Card i d e n t i f i c a t i o n .  

1 RELMAG(1) t Re la t i ve  magnitude o f  f i r s t  6-hr pe r iod  o f  PMS. 

2-1 0 t Re la t i ve  magnitude o f  remaining 6-hr per iods o f  PMS. 

Continue w i t h  e leventh pe r iod  i n  F i e l d  1 o f  second SD card. 
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S I  CARD - STORM ISOHYET AREAS 

This card i s  op t i ona l .  I f  S I  cards a re  used the  program w i l l  not  c a l c u l a t e  
the  bas in  area w i t h i n  each isohyet ,  bu t  i t  w i l l  use the  areas given on Sf 
cards. Storm area and o r i e n t a t i o n  must be g iven when S I  cards are  used. 

I f  both S I  and BA cards a re  used, then BX and BY cards may be omitted. 

I f  S I  cards a r e  used, then there  must be two S I  cards. 

FIELD VARIABLE - -- -- VALUE DESCRIPTION 

0  I D  S I Card i d e n t i f i c a t i o n .  

1 AREAIB(1) + Area w i t h i n  bo th  bas in  boundary and isohyet  A i n  
square mi les .  

2-10 AREAIB(2-10) t Area w i t h i n  bas in  boundary and isohyet  i n  square 
mi les  f o r  isohyets B through J. 

SECOND S I  CARD 

FIELD VARIABLE VALUE DESCRIPTION -. 

1-9 AREAIB(11-19) + Area w i t h i n  bas in  boundary and isohyet  i n  square 
mi les  f o r  isohyets K through S. 

10 AREAIB(20) t Area i n  square m i les  w i t h i n  bas in  boundary and 
isohyet  coresponding t o  the  storm area s ize.  
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ST CARD - TEMPORAL DISTRIBUTION 

This  card g ives  data f o r  t he  temporal d i s t r i b u t i o n  o f  t he  PMS f o r  i n t e r v a l s  
l e s s  than 6  hours. 

FIELD VARIABLE -- VALUE DESCRIPTION 

0  I D  ST Card i d e n t i f i c a t i o n ,  

1  TIMINT t Time i n t e r v a l  i n  minutes t o  be used f o r  temporal 
d i s t r i b u t i o n  o f  PMS. (Range o f  5 min t o  360 min).  

2  R16A20 + Rat io  o f  l h r  t o  6  hr  p r e c i p i t a t i o n  f o r  isohyet  A o f  
20,000 sq mi storm f rom F igure  39 o f  HMR No. 52. 
(Range 0.27 t o  0.35). 

3 POSMAX + P o s i t i o n  o f  maximum 6-hr increment i n  PMS temporal 
d i s t r i b u t i o n .  Remaining 6-hr increments i n  
descending order w i l l  be p laced a l t e r n a t e l y ,  be fore  
and a f t e r  maximum increment. This  arrangement w l l l  
rep lace  any d i s t r i b u t i o n s  f rom prev ious SD or ST 
cards. (Range 5  t o  12, de fau l t=7 ) .  

0 Use p r e v i o u s l y  es tab l i shed  arranycment o f  6-hr 
increments o f  PMS. 

4 RAT I 0  i- PMS p r e c i p i t a t i o n  w i l l  be m u l t i p l i e d  by t h i s  
r a t i o .  ( D e f a u l t  = 1.0.) 
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ZW CARD - WRITE PMS TO DSS 

The ZW card i s  inc luded w i t h  data fo r  each basin f o r  which the hyetograph 
i s  t o  be saved on DSS. 

Each data record  (hyetograph) i s  i d e n t i f i e d  by a  6-par t  pathname, each p a r t  
be ing  designated by l e t t e r s  A through F.  

Par t  A i s  p r o j e c t  i d e n t i f i c a t i o n  or descr ip t ion ,  16 characters maximum, 
De fau l t  i s  blank. 

Past B i s  hyetograph l oca t i on ,  8 characters maximum. Defau l t  i s  basin name 
f rom BN card, F i e l d  1. 

Par t  C i s  parameter name, 12 characters maximum. Defau l t  i s  PRECIP-INC. 

Pa r t  D i s  s t a r t  date o f  hyetograph. Defau l t  i s  01JAN1999. Hyetographs a r e  
s to red  i n  blocks o f  1 month or  '1 day depending on t ime i n t e r v a l .  The hyetograph 
w i l l  s t a r t  a t  0000 hours on the date g iven on the  ZW card, bu t  the date i n  the  
pathname w i l l  be the  beginning date o f  the  b lock.  

Par t  E i s  t ime i n t e r v a l .  This w i l l  be der ived by the program. 

Par t  F i s  a l t e r n a t i v e  or d e s c r i p t i o n  o f  hyetograph, 24 characters maximum. 
De fau l t  i s  blank. 

The format o f  t he  ZW card i s  

One or more o f  the pathname p a r t s  may be omi t ted f rom the ZW card. Once 
p a r t s  A, C,  D, or F have been set  they w i l l  r e t a i n  t h e i r  values u n t i l  r ese t  on a 
ZW card. 

For example: 

W i l l  set  p a r t  A t o  blank, and p a r t  F t o  PMS-1. 



zz HMR52 INPUT DESCRIPTION 

Z Z  CARD - END OF DATA 

F I E L D  VARIABLE -- -- -- VALUE DESCRIPTION 

0 I U Z I. Card identification. 
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E XAMPL E 

I D  PROBABLE MAXIMUM STORM CALCULATION FOR EXAMPLE 2 I N  HMR NO. 52 
I D  OUACHITA R I V E R  BASIN 
*FREE 
BN OUACHITA 
** CALCULATE STORM OVER ENTIRE BASIN 
BS .79365 
BX 108 108 107 97 98 97 95 93 88 83 77 71 67 66 64 62 
BX 59 54 48 40 38 39 3'7 26 18 12 8 6 4 6 8 9 15 25 27 
BX.30 33 35 38 41 47 53 56 67 70 76 80 82 85 90 100 105 
BY 17 21 24 32 34 36 37 44 48 48 46 46 50 54 55 54 50 47 
BY 47 43 41 38 37 42 39 40 40 42 41 37 34 28 23 19 20 
BY 20 19 23 21 21 24 22 23 16 15 10 10 14 11 12 10 1 2  
HP 10 30.0 35.9 40.6 44.6 47.1 
HP 200 22.2 27.0 31.2 34.7 37.7 
HP 1000 16.3 21.0 25.3 29.0 31.2 
HP 5000 9.5 13.5 17.7 21.6 24.2 
HP 10000 7.3 10.7 14.0 18.0 20.8 
HP 20000 5.3 8.5 11.6 14.9 17.2 
HO 235 * * 
** FIND STORM AREA AND ORIENTATION FOR PMS CENTERED AT BASIN CENTROID 
SA 0 0 
GO ** 
** CALCULATE STORM CENTERED BETWEEN RENNEL DAM AND BLAKELY MT. DAM 
** USING GIVEN STORM AREA AND ORIENTATION 
SC 87.9 20.1 
SA 2150 280 
GO * * 
** CALCULATE STORM FOR EACH SUBBASIN USING LAST SET OF PARAMETERS 
BN PINERIDG 
BX 26 18 12 8 6 4 6 8 9 15 25 27 30 33 35 33 35 33 35 
BY 42 39 40 40 42 41 37 34 28 23 19 20 20 19 23 27 31 35 38 
BN WASHITA 
BX 35 38 40 40 44 47 57 63 58 55 54 51 53 48 40 38 39 37 35 33 
BX 35 33 
BY 23 21 21 23 25 30 31 35 42 42 44 44 47 47 43 41 38 37 38 35 
BY 31 27 
BN BLAKELY 
BX 53 51 54 55 58 63 57 47 44 40 40 41 47 53 56 59 64 72 79 84 85 
BX 96 95 93 88 83 77 71 67 66 64 62 59 54 
BY 47 44 44 42 42 35 31 30 25 23 21 21 24 22 23 21 23 22 28 28 30 
BY 36 37 44 48 48 46 46 50 54 55 54 50 47 
BN RENNEL 
BX 108 108 107 97 98 97 96 85 84 79 72 64 59 67 70 76 80 82  85 90 100 105 



 
 
 
 



APPENDIX B 

ERROR MESSAGES 

Er ror  
Number 

Er ror  Message 
and Desc r ip t i on  

1 STORM AREA AND ORIENTATION MUST BE GIVEN WHEN 
ISHOYET AREAS ARE GIVEN ON S I  CARDS 

Storm area i s  requ i red  t o  i d e n t i f y  the d i v i s i o n  between 
w i th in -s to rm and r e s i d u a l  r a i n f a l l .  Storm o r i e n t a t i o n  i s  
requ i red  t o  c a l c u l a t e  o r i e n t a t i o n  adjustment o f  PMP. 

2 BOTH BA AND S I  CARDS MUST BE USED WHEN BOUNDARY 
COORDINATES ARE NOT G I V E N .  

The program cannot c a l c u l a t e  basin area or areas enclosed 
by isohyets and bas in  boundary wi thout  boundary coordinates. 
These values must be g iven on BA and S I  cards i f  boundary 
coordinates are  no t  given. 

3 AREA WITHIN BASIN DOES NOT INCREASE WITH 
ISOHYET S I Z E .  A1 = xxxx.xx, A2 = xxxx.xx 

This  e r r o r  occurs when the  program i s  computing 
basin-average p r e c i p i t a t i o n  and the area w i t h i n  
the  basin and an isohyet  i s  smal ler than the bas in  
area i n s i d e  the next smal ler isohyet .  

This  e r r o r  may be caused by an i n c o r r e c t  e n t r y  f o r  
the  bas in  area i n s i d e  the storm-area isohyet  on 
an S I  card. 

This  e r r o r  may a l s o  be caused by i n c o r r e c t  boundary 
coordinates.  I f  the bas in  boundary crosses i t s e l f  
the  program may compute a wrong basin area i n s i d e  
an isohyet .  

4 BX CARD NO. nnn 
BX CARDS HAVE ALREADY BEEN READ FOR THIS BASIN.  
A BN CARD MAY BE MISSING, OR A CARD MAY BE OUT OF ORDER. 

BX cards f o r  a s i n g l e  bas in  may not  be in te rming led  
w i t h  other  card types. A BN card i s  used t o  i d e n t i f y  
t he  beginning o f  data f o r  a basin. 



5 BY CARD NO. nnn 
BY CARDS HAVE ALREADY BEEN READ FOR THIS BASIN. 
A BN CARD MAY BE MISSING, OR A CARD MAY BE OUT OF ORDER. 

BY cards f o r  a s i n g l e  bas in  may no t  be i n te rm ing led  
w i t h  other  card types. A BN card i s  used t o  i d e n t i f y  
t he  beginning o f  data f o r  a basin. 

6 BA CARD NO. nnn 
BASIN AREA ON BA CARD I S  NOT GREATER THAN ZERO, 
AREA = x x x x . x x x  

Basin area must be greater  than zero. I f  program i s  t o  
c a l c u l a t e  area from boundary coordinates BA card should no t  
be used. 

7 HP CARD NO. nnn 
DEPTH DOES NOT INCREASE WITH DURATION FOR AREA = X X X X X .  

PMP depths on the HP card f o r  area xxxxx  
should increase from f i e l d  2 t o  6. 

8 INVALID AREA ON HP CARD NO. nnn, PMP AREA = x x x x x .  

PMP area, f i e l d  1 o f  HP card, must be 10, 200, 1000, 
5000, 10000, or 20000 square mi les.  

9 SD CARD NO. nnn 
MAGNITUDE (m) I S  NUT I N  RANGE 1 TO 12. 

Values on the SD card a re  i n tege rs  from 1 t o  12 
whlch i n d i c a t e  the  r e l a t i v e  magnitude o f  6-hour 
p r e c i p i t a t i o n  increments. i nd i ca tes  the  l a r g e s t  
increment and "12" i nd i ca tes  the  smal lest  increment. 

10 SD CARD NO. nnn 
A RELATIVE MAGNITUDE WAS REPEATED 
The values on the SD card a re  unique i n tege rs  
f rom 1 t o  12. No value may be repeated on a 
se t  o f  SD cards. 

11 SD CARD NO. nnn 
TWO SD CARDS ARE REQUIRED. 

Twelve values are  read from SD cards. This  
requ i res  two SD cards i n  sequence. 



12 S I  CARD NO. nnn 
AREA FOR ISOHYET i 1  ( n l )  I S  LESS THAN AREA 
FOR ISOHYET il 

Areas enclosed by isohyets and the bas in  boundary 
cannot decrease as isohyet  area increases. 

13 ST CARD NO. nnn 
TIME INTERVAL CANNOT BE LESS THAN 5 MINUTES 

The program w i l l  no t  c a l c u l a t e  a temporal d i s t r i b u t i o n  f o r  
a t ime i n t e r v a l  smal ler than 5 minutes. 

14 ST CARD NO. nnn 
TIME INTERVAL MUST D I V I D E  60 MINUTES INTO EQUAL 
PARTS WITH NO REMAINDER 

The t ime i n t e r v a l  f o r  temporal d i s t r i b u t i o n  must 
be 5, 6, 10, 12, 15, 20, or 30minutes .  

15 ST CARD NO. nnn 
TIME INTERVAL MAY NOT BE GREATER 'THAN 6 HOURS (360 MINUTES) 

The program w i l l  no t  c a l c u l a t e  a temporal d i s t r i b u t i o n  f o r  
a t ime i n t e r v a l  g rea ter  than 6 hours. 

16 ST CARD NO. nnn 
TIME INTERVAL MUST D I V I D E  6 HOURS INTO EQUAL 
PARTS WITH NO REMAINDER 

The t ime i n t e r v a l  f o r  temporal d i s t r i b u t i o n  must 
be 1, 2, 3, or 6 hours. 

17 ST CARD NO. nnn 
1-HR TO 6-HR RATIO FOR ISOHYET A OF 20000 SQ. M I .  
STORM MUST BE I N  THE RANGE 0.27 TO 0.35 

The range o f  the 1-hour t o  6-hour r a t i o  f rom 
f i g u r e  39 o f  Hydrometeorological Report No. 52 
i s  0.270 t o  0.300. A value ou ts ide  t h i s  range 
i s  considered t o  be a mistake. 

18 ST CARD NO. nnn 
POSITION OF MAXIMUM 6-HR INCREMENT MUST 
BE I N  RANGE 5 TO 12 

The maximum 6-hour p r e c i p i t a t i o n  increment 
may not  occur i n  the  f i r s t  24 hours ( p o s i t i o n s  
1 t o  4 )  o f  a storm. 
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( i d )  E X C E E D S  D I M E N S I O N  OF kkk 

The program attempted t o  read more data than 
a l lowed from an xx  card. The maximum number o f  
values t h a t  can be read from xx cards i s  kkk. 

n ERRORS D E T E C T E D  I N  I N P U T  DATA FOR B A S I N  aaaaaaaa. 
R E M A I N I N G  DATA W I L L  BE CHECKED FOR ERRORS,  

n ERRORS D E T E C T E D  I N  C A L C U L A T I O N S  FOR B A S I N  aaaaaaaa. 
R E M A I N I N G  DATA W I L L  BE CHECKED FOR ERRORS.  

When an e r r o r  i s  detected by H M R 5 2 ,  the program 
w i l l  read through the  remaining data and check 
f o r  i npu t  e r ro rs .  No c a l c u l a t i o n s  w i l l  be made 
us ing  the remaining data. 
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