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Dear Hr. Garcia .t'·:~~\ '-..:--\<' ;:· ··.· .· .:_,.,\ •' ', ;;;'-
Cannon AFB received your request for additional inform mt regtHdlug''i:n'il 
Notice of Deficiency for the Melrose AFR permit application on 12 Dec 91. 
The responses to each of your concerns are listed below. 

ld. 100 Year Floodplain Standard 

After several unsuccessful attempts to locate a floodplain boundary 
map we decided to calculate the 100 year floodplain as best we 
could. Based on our assumptions we determined that the open 
burning/open detonation unit is in the 100 year floodplain. 
Realizing that a more detailed study would cost $10,000 we are 
willing to accept this finding. In the area of the treatment unit we 
estimate there would be one to two feet of standing water. 
Therefore, we propose to build a two foot earthen berm around the 
perimeter of the treatment unit. This would minimize the effects of 
the 100 year flood by preventing any runoff from occurring. We 
believe this would satisfy the regulatory requirements due to the 
minimal amount of waste which is treated at the range and the fact 
that the open detonation process completely consumes the waste 
munition's energetic (reactive) material. The floodplain map and the 
associated calculations and assumptions are attached. 

2b. Waste Characteristics 

Although we were unable to locate Material Safety Data Sheets for the 
waste munitions, we did locate a technical manual, "Description of, 
and Disposal Procedures for, Conventional Explosives and Related 
Hazardous Materials" dated 2 Nov 87 which lists their ingredients. 

a. Smokeless powders consist of pyrocellulose with 13% 
nitrogen which is colloidized with ether-alcohol. 

b. Solid propellants contain a fuel, usually a hydrocarbon, 
and an oxidizer, which contains a large percentage of oxygen. 

c. Typical high explosives may contain TNT [C6H2CH3CN02)3] or 
Tetryl [C6H2 (N02 )3NOH3N02]• 



d. Initiating explosives consist of lead azide or mercury 
fulminate. 

e. A typical incendiary is similar to black powder which 
consists of 75% sodium nitrate or potassium nitrate, 15% charcoal and 
10% sulfur. 

f. Pyrotechnic explosives include items such as flares which 
are made up of a fuel such as magnesium, aluminum, charcoal or sulfur 
mixed with an oxidizer such as nitrades of barium, strontium, sodium 
or potassium. 

The net explosive weights which were listed for each waste munition 
in our 18 Nov 91 response is the amount treated during the once a 
month treatment process. Regarding the dud fired practice bombs, 
three pounds is the net explosive weight of all 150 bombs not the 
individual bombs. 

2c. Gate Hours 

The gates which are used to access the impact area on Melrose AFR are 
usually open on weekdays from 06:30 AM until 11:30 PM. The gates are 
locked at all other times unless a special exercise is taking place. 

2e. Traffic Routes 

We have enclosed a map with the routes used by Explosive Ordnance 
Disposal clearly marked with a yellow highlighter. 

5. Hazard Prevention 

Due to the small quantities of munitions involved in our operations 
all of the munitions are loaded and unloaded by hand. The people who 
handle the waste munitions are trained professionals in the area of 
managing explosive items. Their extensive training and experience 
insure that any potential hazards are minimized to the maximun extent 
possible. 

We hope that the above information will complete our permit application. 
Please contact Lt Gregg Demers or Mr. Jim Richards (784-4639) if you require 
any additional information. 

2 Atch 
1. Floodplain map and calculations 
2. Map of Impact Area (1":1000') 

cc: Mr. Richard Mayer, EPA 
HQ TAC/DEV 
Dr. Herb Grover, NMED 



100 YEAR FLOOD PLAIN ANALYSIS 
MELROSE AIR FORCE RANGE 

RE: Reference to 12 Dec 91 reply requesting additional information for permit 
NM 5572~456. 

This report determines the boundaries of the 100 year flood plain. Using the 
TR-55 Urban Hydrograph Method developed by the Soil Conservation Service we 
have found the Open Detonation/Open Burn (OD/OB) Facility is within the flood 
plain. 

The calculations required four steps: 

1. Soil Profile. Using the SCS Soils Map for Roosevelt County (page 12) 
and the Corps of Engineers Topographic Map for Melrose Air Force Range 
(attachment), the drainage area and drainage characteristics were determined. 
The drainage basin covers 9.47 acres and is composed of primarily hydrologic 
group B and C soils with moderate to rapid runoff and good internal drainage. 
The composite curve number is 76 and the 100 year, 24 hour rainfall is 5.5 
inches. 

2. Time of Concentration. The stream bed was divided into 1,000 foot 
segments and the total travel time for the watershed equaled 1.72 hours (103 
min). 

3. Tabular Discharge Summary. After segmenting the watershed into twelve 
sections, the outflow hydrographs for each section was calculated (page 10). 
Using these results the maximum discharge for each 1,000 foot segment of the 
stream was tabulated (page 11). The discharge for a given section was found 
by summing the outflow hydrograph values for the previous sections and then 
finding the peak value. 

\ 
4. Flood Plain Width. Assuming the average velocity of watr r over short 
prairie grass is 2.5 feet per second (St. Johns River Water Management 
District, Florida - SJM BP 314) and that required area = discharge/velocity, 
the cross sectional width for each segment was calculated (page 4). The width 
was found by: 

a. Assume average cross section for the basin is triangular unless 
noted, and flow tends toward lowest areas; 

b. Area= (.5)*(width)*(elevation change) 

c. Estimate a width and elevation change using the topogr~phic map; 
calculate the actual area of the drainage area. 

d. Compare required area with actual area calculated. 
less than 10% then estimated width = width of flood plain. If 
greater than 10% repeat steps c-d. 

I 

ce is 

\ 

is 



' . 
ii 

TABLE OF CONTENTS 

Summary of Calculations i 

Table of Contents ii 

List of Symbols iii 

List of Equations iv 

Glossary v 

Calculation Section and Descriptions 1 

Worksheet 2: Runoff Curve Number and Runoff 6 

Worksheet 3: Time of Concentration 7 

Worksheet Sa: Basic Watershed Data 8 

Worksheet 5b: Tabular Hydrograph Discharge Summary 10 

Maximum Flow per Subarea Summary 11 

Watershed Boundaries & SCS Soils Map 12 

Soil Legend 13 

Soil Descriptions 14 

SCS One Hundred Year, Twenty-four Hour Rainfall Map 20 

Table 5.1: Ia Values for Runoff Curve Numbers 21 

Table 5-II Tabular Hydrograph discharges for type II 22 
rainfall distribution 

Figure 2.2d Runoff Curve Numbers for Semiarid Rangelands 26 

Figure 3.1 Average Velocities for estimating Tt for 27 
shallow, concentrated flow 

ATTACHMENT 

Topographic/Contour Map (U.S. Air Force) 

a. 100 Year, 24 Hour Flood Plain (Black Cross Hatches) 

b. Flowpath of Stream (Yellow Line) 

c. Watershed Boundary (Orange Line) 

d. Subarea Definition (Green line w/ Roman Numerals) 



SYMBOL UNIT 
A sq units 
Am sq. mi. 
CN 
I a in 
L ft 
n 
p in 
p2 in 
Q cfs 
Qr in 
s ft/ft 
s in 

Tc hr 
Tt hr 
v fps 
*" 
I 
t 

LIST OF SYMBOLS 

DEFINITION 
Area of a region 
Drainage area 
Runoff curve number 
Initial abstraction 
Flow length 
Manning's roughness coefficient 
Rainfall 

iii 

Two-year frequency, 24-hour rainfall 
Peak outflow discharge 
Runoff 
Slope of hydraulic grade line 
Potential maximum retention after 

runoff begins 
Time of Concentration 
Travel time 
Average velocity 
Multiplication sign 
Division sign 
Raised to the power of 



LIST OF EQUATIONS 

1. Runoff Curve Number 

Equation 2.3 

Equation 2.4 

Qr = (P-.2*S)t2 I (P+.8*S) 

S = (1000 I CN) - 10 

2. Time of Concentration 

a. Sheet flow ( 300 ft) 

Tt = (.007 * (n*L)t.S) I CP2t.s * st.4) 

b. Shallow, concentrated flow 

Tt = L I (3600*V) 

c. Tc = Summation of Tt 

3. Drainage Area (Subareas divided into geometric regions) 

a. Triangle: A = .S*(base)*(height) 

b. Square: A = length * width 

c. Trapazoid A = .S*(basel + base2)*(height) 

d. Multiply sq ft by .143 to get sq mi 

4. Tabular Discharge Hydrograph 

Discharge = Am*Qr*Ctabular value) 
where tabular value comes from the Table 5-II 

5. Flood Plain Width 

A = .S*(flood plain width)*(elevation change) 

iv 
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GLOSSARY 

Average Velocity - The average value of the velocities measured across the 
area of study. 

Composite Curve Number - Curve number representing a combination of soil 
groups over the entire watershed. 

Curve Number - an empirical description for infiltration and rainfall excess 
used to calculate the ability of a soil to hold water. 

Hydraulic Group - A list developed by the Soil conservation Service to relate 
texture, class, water capacity, and infiltration rates for soils. 

Type 
B 

c 

Description 
Moderately low runoff potential. Mostly sandy soils with 
above average infiltration after thorough wetting. 

Moderately high runoff potential. Comprises shallow 
soils and soils containing considerable clays. The group 
has below average infiltration after wetting. 

Hydrograph - Plot of flow rate versus time for a rainfall event. 

Infiltration - Movement of water from the ground surface into the soil. The 
rate and quantity of water that infiltrates is a function of soil type, 
soil moisture, soil permeability, ground cover, drainage conditions, and 
depth of water table. 

Initial Abstraction - Water intercepted by vegetation and stored in surface 
depressions. 

Shallow, Concentrated Flow - After a maximum of 300 feet, sheet flow usually 
becomes shallow, concentrated flow. The water has settled into more defined 
flow paths and the average velocity is a function of the watercourse slope and 
type of channel. 

Sheet Flow - Flow over plane surfaces. It usually occurs in the headwater of 
streams. 

Time of Concentration - Longest travel time it takes a particle of water to 
reach a discharge point in a watershed. Measurement of time of 
concentration can be made for overland flow, channel flow, and pipe flow. 

Topographic Map - Map showing elevation changes, usually in increments of 10 
feet. 

TR-55 Method - Simplified procedure developed by the Soil Conservation Service 
for estimating runoff and peak discharges in small watersheds. 
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Work t- et 2: Runoff curve number an ) off 

By .)1f)w Date 2o lee q I 

Location C9f"''I)O<) AFB Checked __ _ Date ___ _ 

Circle one: ~ Developed 

l. Runoff curve number (CN) 

Soil name Cover description 
and 

hydrologic (cover type, treatment, and 
group hydrologic condit i on; 

percent impervious; 
unconnected/connected impe r vious 

(appendix A) area r~tio) 

'B•ppus 1 B.b O% IMper"VIOUS > p<"'a•c-eg<'n~s 

!3 cove<'~'fl3 (Shod-) 

J\ll:l"'s.Ker 'S<\Me. 

B 

0 l+an (OO..'f"'rl so. me. 
c.. 

i>orto.les l..aarl) same 

c 
f\mQr,l\c LOQ"'l SQN"'<:. 

B 

1.! Use only one CN source per line. 

CN (weighted) 
total product 
total area 

c---

2. Runoff 

Frequency .............................. 
Rainfall, P (24-hour) •••••••••••••••••• 

yr 

i n 

Runoff, Qr•••••••••••••••••••••••••••••• i n 
(Use P and CN with cab l e ~ l, fi! 4 l, 
or eqs. 2-3 and 2-4.) 

CN ~/ 
( -J 

I C"') 

N I 
N 

Cl) ,..., 
..0 CD 
co 'M 

E-< ~ 

ll 

7/ 

81 

81 

11 

Total s = 

Use CN = 

Storm Ill 

/GO 

S.'S 

-:2.9$" 

(210-VI·TR·55, Second Ed., June 1986) 

Area Product 
of 

CN x area 
-::t 18 acres I 
N Omi 2 

CD 0 % 
'M 
~ 

830 SS: <f3o 

Ia <is 
' 77174 S" 

"2.971 
) 

23-:3,1qc, 

'i~o 32.6"6"0 
J 

9zs 6"S,€:7S 

c. 18'7 <168, 20<i 

76 

Storm 112 Storm 113 

\ ) 
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Worksheet 5a: Basic watershed data 

Project ~lros~_ ~omb,nq '"Roo~c;.:__ ______ _ Location Cao<}_9_~ ___ f\.f~ 

Circle one: ~ Developed Frequency (yr) 

Subarea Drainage Time of Travel Downstream Travel 24-hr Runoff 
name area concen- time subarea time Ra in- curve 

tration through names summation fall number 
subarea to outlet 

~ T Tt I:T t p CN c 

(mi 2) (hr) (hr) (hr) (in) ,____, 

I. .II .z~ . '2, ll - Xil \. '16 s:s- 76 

1I. .ze ! IO . /0 ::m: -.A- 1-36 ss 76 

.J1i': .S7 .II . I I 1lZ - )ffi_ 1-2.5 s:s- 7~ 

IQ: .63 • II ·II '£.-X[. I.J<f S.S" fb 

~ .<1s .II . II ~-a /-03 S.S' 7~ 

321 1-28 .17 . 17 12iL- E. .86 s.s 76 

JZi[' .2'.0 .13 .13 Vlll - ::m_ . 73 !'S 7t: 

12iiL /.03 -II . II JR:- E. .6(! s.s 76 
-

1$. -86 • 13 • 13 X- 2iL .Cfc, s-:s ~ 

X. I.OJ .IS . IS ~ - Zi:i: . 34 s:s 76 

By~ Date z.o "Dec~ 1 

jOO Checked --- Date-----
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SOIL LEGEtlD 

NAI.IE 

Amarillo lo.::>my f1 n e s c ,.,:J , 0 to:) pc r:e nl s l.::>p es 
Arnarillo fi n e sc ~. :J , b :Jm, 0 r :> I p c rcer. : s lo pes 
Arn o r illo fi n o s o:1J'f loc:n , 1 t ::J 3 >-e ~c e -. r s lepes 

A;norill o lu om, 0 1·:> I per c e-. r sl :;;:; e s 
Amari l lo lo ,rm , I t.:> 3 ~cr c e -. t sl op es 
Amari l lo a nd C lo ·ns s od:. , 0 to 3 f. crcNll s lope s , s evere ly er od e d 

Ar c h lo amy fi ne s an d 
Ar c h f1ne s an d y loam 
Arch lo om 
Arch s a i l s, se , ere ly er oJej 
Arvan o lo a rny fi n e s and , 0 10 3 per c e n t s lcpc s 
Ar va no lo a my l on e ~ an J , s !..Ji lc. w, 0 to I ,, .,r;; c n l s kp es 
Arv on a l on e sana; lo .Jm, 0 ro I ~ · •·rc en r sl :;pe s 
Arvar •a fi ne s and y loa 'l l, I ro 3 l·ef ( en t s l(p e:. 

/l.r v:lfla f1 ne s a nd y I.::>(Hll , sh d ic w, 0 r .:> I perc e nr slo pe s 
,\r"an a s u d s , 0 ro 3 ~ e r c e .• t s l J;>es , se ver e l )' erc. J e:J 

l3errh o ud sandy loom, :.? ru 9 p e rc t! r.r s i:>;:.es 
lli ppu s Cl nd Sp ur s u i l s 
Olad :Y.uter lo.,.,.. 
Ol a wn-a ul a nd d une la:d 

Bro wn f ield fon e s ·;,nd 
E3r ovmfield s o i l s , :.;e v e re l f er ,J::! e d 

C hurc h clay loorn 
Chu rc h s oi l s , sev er t l y eroded 
C lov 1s loa my fi n e send, 0 ro 3 perc e nt slop ts 
Cl ov is fin e sand y Ioc r;, , 0 ro I perce:'ll sl opes 
Cl a·1is fi ne s and y loom, I to 3 ;><! r cer~: slopes 
C lav i:; lo am , 0 to l .percenr sl o pe s 
Cl o vi s looon, I ro 3 p er c e n t sl c,.J es 

Dra ke soils 

Gorne z loamy fine sa nd 

Hilly g rav el ly la nJ 

Kimbrough fine sand y loo m 
Ki mbro ugh lc.am 

Mansker ond P o rtales f ,n e s cr.dy looms , I ro 3 p erct: n t s lope s 
Mansker and P o rtales loa::1 s , I ro 3 perc er.r ·sl ope s 
1\bn to ya clay loom 

Olt o n lo om, 0 rc. 1 pe rc e n t sl o p e ~ 

Olt on-Ziro lo o ms , 0 1;:> I perc e . 1 sl o pes 

P o rta les fin e sandy loam, 0 to I percent s lopes 
P o rt al es loom, 0 ro I perc~ n r sl cp es 
P o 11 e r s o ils , 0 ro 9 pe r c e r.t s lo;:. es 

R t. erwo~h 
Hu.,.jh llro k t:CI la nd 

S~ r inge r lo amy ftn~ so:'ld 
Springer sod> , se ·, erE:I)' er oded 
Sre •J'll l loarr. , 0 to 1 r.<! r c.~ : 1 ~l : p c ~ 
S l ~ ·j rJ II l.Jo m , l f v 3 ~c r c c n l !, l ; 1 e~, 

Stc•Ja l l lo o no , s roallc.. w, 0 to I 1- t: fCt· n: dq>~.: S 

Ti vc. li f ir.e san d 
T i vo li-Arch c or:-.;>le .< 
Tr ov e ssd la lo ,J:n 

Z it a fine sondt lou··n, 0 to 1 r•erc '"" , l r.pr"> 
Zt t u lo rwo , (J I Q I p H c er .l ~ l o p<:' 

• ~ t.l • I 

I 
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Figure I.-Profile of Amarillo fine sandy loam, 0 to 1 percent slopes. 

The Atnarillo so il has good inlernal <lrninnge aml mod­
Prate runoiL H fnkt's 'rater "·ell and is c:tpald c of storing 
JargP aniOHlll s for plnnL usP. ]t. is Jnod cr:de ly SHS('rptiulo 
f () I )() f It "' i ll d :1 II( l \\"; tf l' r l' l'OS i 0 II • 

I I' irrig·: lf<'tl, f hi s so il is pro<ltH'hl'l' of peannh, !'olton, 
Sl\'l'Pf potatoes, s tnall grain, :uHl grain sorgltunt. . \ s dry 
cropland, it. is Sllife<l fo g rain :uHl forage sorghum . .A 
lilllilr<l a c rea~.rc <':I ll IJe Hsed Jor 11·ltP:t L d.Hritl". Years of 
fal·orahlc srason:tl lllOi st Ul'l'. The l':tllgc is pr!~lt.l('fii'C of 
IJOIIt mi(l atH[ s ltoLt gmsses. lJJ ·yl"11rl rrtpubility wlit 
I lle-1 if ·in climrttic zo ne J~ (f/l d unit /l 'e- 1 if in rlinwtic 
zone .i.: il't·ir;((tcd copabi.lity ttnit lffe-.i 1• ,Sandy l/ ;1land 
?'Cl l!f'/ P. sifr. 

Amarillo loam, 0 to 1 percent slopes (Ad).- Tl1is <leep, 
Jlt C(lituH -tcx t-.ured so il. 0( '(' \II'S in s tnoot h, lll':trly len' I areas. 

Bot It th e s lll'Jn ce layer and s11bsqil are r eddi sh br01rn. 
The sHrface Jn.yer con s ists of ahoHt 10 i neh es o I' notwn 1-
enremt s, l'ri:thle,gr:wtdarJoalll. Tl1e suhsoil , whidt rangns 
from ::o I o 40 i11dH~S in I It i('l<nnss, is noncakat ·nott s, pri s­
Jila!.i e sandy cl:~y loam. lL grad es to:~ strongly eal<-are­
OIIS, llt:tssive, pi11kis lt-white s ubstratum. The s ubst:r:lilltll 
varies :from 3G inches to several :feet in thi ckness a1Hl in 
many places coni a ins numerous Jrngment·s of hard ca 1 iche. 

Thi s soi l is adjacent to Clovis loam, 0 to 1 p ercen t slopes, 
a11d S tegall loarn , 0 to 1 p ercent slopes, atL<l sontc snt a ll 
areas of these soil s arc inc lnJed in Llte areas Jllrtpp<•<l. 

Int-rrnal dra.inngo is good, runolt is s low or modPI':IIr, 
and · t.h o JIIOVcJuPnt o:f air atHl " ·atcr thro11gh t he s11bsoil 
is modernJe. The " ·ater-holding capncit.y is good, an d the 
mois t nre stored is re:t<lil y availaiJle for plaut u se. 1 f <:111-
tivaf.etl, this soil is slightly susceptibl e t·o wind eros ion. 

H inigated, thi s soil is proclucti1·e of peanuts, cotton: 
,·egetnbl e.'3, nncl grain. A s dry crop land, it is especial ly 
well suited t·o " ·h eat.. HoiH!\·er, in climatic zone 4, 11·h ich 
is the lower rainfall area oJ th e counly, or dming years of 
countywide subnormal mois t 11 re, thi s soil is best suited to 
uTnin or for:lU<' sorghnlll. Blue gl':lnm atHl b~tftnlo~.rras;; 
;It'll f he do1nin.nnt. ral1gn gras;;es. lh·yll/nd r'IIJIIIbilit/j unit 
I I I r:e- 1 i / ·i.n r·l i mnl ie 2011 ~ :1, (//Iff unit I V r;r;- .1 if in rlim r1,/,ir; 
z· o11rJ ,1.; irriyt~/('(l C"J"t!Jilii.'J 71/lit 1/e- 1; Lomny Up lonrl 
1'(tll_qe si l r . 

Amarillo loam, 1 to 3 percent slopes (Ae).-Thi s is a 
dPPJl "nil that. <H'< 'III'S in Stllooth, gently s lop in g a rP ns 
I lli '<JIIgholll I It<' r·onnty. 

The "'": l'a<'e la,,·e r is noncal careons, friabl e, grn nular, 
r eddi =-" lt -hroii'IL loam I hat. is about. 10 inches thick. The 
s uh"oil is noll eaknreoll s, n·ddi sh-brown sandy clay loam 
:dHJIII. :w to 40 inl'hPs llti<'k. lt has modcra.tc to strong, 
pri s11 tali<·. s t r11d III'C and gradPs gradually I o I ltn s ui 1s l r:d '"" 
o:f pinkis lt-11·hite, solt ca.li che. The s lliJs trattlln C'o ntain s 
JJL:tllj' fragments o:f ltnnl cali che and is s tron g ly calcareous 
awlnmssi 1·e. 

This soil is asso<:iaf!'<l 1rif lt C lori s lo:un, 1 to 3 pcr <·<·nt 
s lopes, " ·l!il'h is m otlerall'ly rl et•p ; 1ritlt Mansker loa nt , 1 
to 3 J>PITPilt-s lotws, \rhit·h is l':tlc:lrPous ; antl with Portales 
loant , 1 to i.\ pc rl'ent slopes. Stnall areas of these so il s are 
incl wled in t.lte areas mapped. 

Internal drninnge is good, runoff is moderate or rapid, 
and permeability is mo<lerate. The v.--ater -h olcling C'a­
pacit·y is hi g h, and the mois ture storell.in the soil is rea dil y 
antilnble for plant use. \Vincl erosion is a s lig h t lta zanl 
on thi s soil, anll \mter e ros ion is a slight or modl'rat e 
hazarll. 

H thi s so il is properly inigatC<l, it is '"ell s nif etl fo 
p ea nut s, cotf'on, small g min , :t]l(l ngelables. Alfalfa nnd 
so rg-l111111 aro n.lso 11·cll suil !'< l. Jn elitn:tlir: zon<~ ::, ll'lti• ·lt 
is the :u:ea of ltiglt cr minl'all in the eonnfy, 1rlteat. g nms 
"·ell in years of average rainfall. lf seasonalmois t11re is 
below Jt onu:d , g rn.in sorghum should be g rom1. l n c li ­
ma t ic zone 4, grnin sorghnm is suitabl e. Blue gra11m aml 
LuJl'alogra ss arc tho dontinant g rasses on lh e rnnge. !Jry­
ln/lfl C"JHtb i lily unit !lice- ! if in clima.tic zone 3: ond unit 
n ·ce-1 i f in rlimntic ::-one 4/ il'l'igated capability wlit 
Ill e-3 / Lnl/1n y U 7Jl unrl1'WirJC site. 

Amarillo and Clovis soils, 0 to 3 percent slopes, se­
verely eroded (Af).-Tltese so il s r epresent n rens t hnt. ha ,.e 
been fa rmetl nml scr erc ly <lnmaged by wind. The surface 
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caliche. \Yintl e.ros1un :tllll 11·atl'l' l'ro:i ion :ll'l! llliHit•r;tl e 
haza rcls. 

H dry.farmecl, tlti s soil is ll."'l'd pri1wipally for :-i lirglltiiil 
antl bromtH'OL'll. Son1e s i ~Jpl':-; art• lt•JT;J <'l'd or t' ;~ rnwd o11 
the COil{OIIL', OL' l.Jot·h. ] f lll;Jn:l !-!'l' llll'lll i:; good, tilt ' r;tllge 
support::; :fair to good staJtd :i ol' 111id and shol'l gra ."'::iL':i. 
jj,·y/and capab ility 1111 il Ill e- .3 if in cl i111 al ic :11/u· .j, r1111l 

tlllit ll'e-{; 'if i n r:lllllullr: ·"'"' r; .1; irr ig111t·d 1'' '1" '/,i/ity 1111il 
Ilfe-7; Sandy f /Jd11111/ r a11ye 8ile. 

Arvana fine sandy loam, shallow, 0 to 1 percent s lopes 
lAs).-This soil OC('llrs in t l1 e l'ortal es ini;!:tl ed an•a . 

The snrfa('e la yer is hrmrn, notwalcan~ oiJ s line sa nd_,. 
loam. It is alHJu t. -:1: to fi indJL'S t·hi< ·k anrl ha s lin !' !!'l':llttl ­
lar strncture. The subsoil i:-; notH:all'areotJs, hm11·11 to n ·d ­
dish-hrO\rll clay loant. lt- ha s nll'dium pri ,.: nt ;tl i,· ,; lrllt' ­
ture to fin e, subang nlar, hlod; y st I'll('{ Ill'<' . _\ Lt yt•r of i1ard 
ca liehe oeenrs at a dl!jll It of al~<HJt . 1-1- i1wi1 e . ..;. 

So111e Slllall an•a s of . \1'\'ana lin e sandy lo;ltll , tl to 1 
percent slopes, are in('lnded in th e an•a s ntappPd. 

HunoJf on thi . ..; soi l is ntoderal e, tlw ra te of 11·ail'l' intake 
is high, nnd th e 1\':lll'r-hohlin g ('apa('ity is lmr. ~loi ."' tllrt ! 
i,; readily reli!:I Sl'd for pL1tt1· ll SI'. Till' sul hoi l is IIHIIit ·rall'l .\· 
penneahl e, hnt I he lay1•r of ltard c·ali('he rp :-;1 ri, ·h il llt•rtta l 
drainagP. " ' ind erosion is a JJHldt•rah~ hazard. 

Thi s soi l n•qnin•s light. h11t . frPqttl'nL irrigation ht•<·a ll se 
of its low ll'at!'J'-Itolcling <';tp•wity and sh;tllol\'llt'ss lo hard 
cali clte. S llil al,]e <: mps 111111 er irrigat·ion arc peallllt ,;, 
sweetpotato1•s, sntall grain, alfalfa , ancl pasltll'l! plan l:i. 
D,·yland ca paiJility 1111it 1'1{';- /, r-limatir- zone .J ; irrir;rt.'ed 
CUJIItiJility ·u11il ll 'e- /.J; ,\ 'r tlldt; l! ji lllllrl ?·a ll (fe 8itr<. 

Arvana soils, 0 to :1 percent s lopes, severe ly eroded 
(Av).- Titesc ~t : \ ' Pn!iy Prodt•d soil s co nsist JltaiJtl y ol' pn·­
,·iously Clllti1·ated liPid ,.; in the clryfarntl'd al'l':t (Jf tilt' 
connty nntl of a rery lintill·d anea!-!·e in till' irri!-!·att•d an•;t. 

"Jfost of the original i'i- to 10-iJwlt s11rl'an• layPr lta s 
been rentol't!d l1y ll'ind I'J'(Js iolt , and t !1 e pn':il' iil s llrLwl' 
layer is only aiHHIL ~to :; in chL•s tlti l' k. Till' stdi,.:oil of 
sandy clay loam is 1rit !tin plmr dL•Jlllt. In pla n•,; tht~ 
substratum of hanl c·ali (' lll.l is 11 ear th e s11rfan•, or it is 
exposed. 

Included in the area s n1appe<l are sotnc small an•as of 
.\rn111a. fin e sa11dy loam, sltalloll', 0 to 1 pen·ent s lopes, 
antl of Kimbrough line sandy loaJtl. 

These so ils are ltuntllHwky beca use of the <lan1age don e 
by wind. They are so sc ,·erely emded and !"o ,; halio l\" 
ti1at. they are not suitabl e for culti1·at ion . Their J,t•s i tt :-'e 
is nntin~ gra sses, \rltid1 ('all be n •seeded in drilh•d sudan ­
;.!T<t ss or sorgh um sltJhbl e. /Jrylaud r·al}(t!Jility 1111 il 
l ' lls-7, r:l imal ir: Z OJit·s .J 1111d .1,· ,\ 'lutllo"' / '1,/'"ul ntllff' ' 
site. 

Berthoud sandy loam, 2 to 9 percent s lopes (Bal.­
This soil O('enrs in the. \\'l~s tt•rn ]HILt. of tlte t·otlltl \' and to 
some extent in the pnnhantlle. - · 

The snrfa.ce la.yer is aho111· fl im:l1es of ln·m1·n =- andy 
loam. It has weak gmn11 lar stn)('l"t tn ~ and 1·onta i11...; ntany 
small or medinm-sizecl pebbl es. The snh,;oil is light ­
brown 1oam and is nbont 10 inc.hes thick. Thi :; la\'t' r 
contains many root·s and lll:tll .)' uwdiu1n -s ized pPI>III t·s 1 hat 
are coated wi th calidl<!. Both t I1B sttrf;we Ia yt!r a11d 1i11: 
subsoil are strongly calt-areotts. Tlw 11ndt!i:lying siJIJ­
st.ratum is strongly . calt:areous, st rlll:tnreh•ss: pink fin e 
sandy loam. 

Some small area s of 1\I":tn ,.;k1·r lin e sand y loatn , to :1 
percent slopes, are induded i11 ll1e areas nla)lpl'< l. 

l:titHlll' fr ,l lll tl1i s =-ui l .is Jnodt•ratP, and iniPI'Ilal tlrainage 
!-!'t'lll·ra ll y is good . 1\'itHl <•ro,; ioll is sli g ht ur 111 01lerat e 
ll t'<'< lll ~l' lit e ,·aii,-i,t· gra1·l'l ott till· s ttrL~< ·e helps lo prot e<:t 
l II i ,; :-'0 i I. 

Lit; It ·, if any, of liti s soi l is (·ttlti\·; tl cd. The ran ge Stip­
por l:i :' I aiHl :i of s itorl and 111itl g ra sses. lhy/u/lll r:lljl(lVil­
it .'l ''"it l "f ,·-1, t-lilllrtlit: '" '"'I'" .; {/J/1 / .1; Su11 rly l! J1l11n rl 
J'I/JIIjt ' sif, ·. 
l~ippus and S pur soils (0 to il }>l'l'Cl'nt f:i lopcs ) (Bb).­

TII L'st• an• d t•P p, tnoderal ely dark <·olored ::;oils that OLT lll' 
o11 ll(liloltt s along tlrainage,,·n ys t·ltrollg hout tlte county . 

Till~ :-, ltrfa n · layl'l' of th e Bippus soi I is dark grayislt­
lll ·oll·tt or lll·<m n, granular ligltt (' la y loa Jll ( li !-!·· G). Thi s 
Ltye1· i:; ( i lo ~ in (' l ll'.~ th ic k and is le.t (' he<l of l int e. Tl1 e 

Figure 6.-l'rolilc of Bippu s clay loam . 
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subsoil i ~ a.Lont G inches of clay lonm. It hn !O sulmngnhr 
bloc.ky structure and i ~ mollcrat-e ly c·.a ka rrou s. The suiJ ­
sLrai.tllll is stmngly cn.lramott s, limc-rnriched ela y lonm 
:wd isabo_ut.:w indtl'S flti ek. Jtt pi:H·rs l:t_rl·rso [ sfrafifiPd 
sandy Rl'd tntenf s ot ~c·ttr hPlo\\" a dPpf It ol' :; f o ii i'P<' L 

Tim Spur ~oill1 :1~ a. hrowtt , <': tit · :Jn•ott ~ , g r:ltltl l:lr ~ ltrl':lf't \ 
l:t VCI ' 1.11af; .is aho11t H inches fltidc Tlw stthsoi l is ca l­
ea'reo us, oro\\'n clay lonm and in places contains fhin layers 
of sandy sellimenf s. lt ranges beL1rern G and 1 n inches 
in thickneRs and ltas •wrak sui>:ttt Q' ttl:tr ldtwk1· slrtwltll·n or 
prismaLi c sf.rucf.urc. Tl1e stthsf ,::tltt llt is sl L:ongly <'ai<-ar­
eo_us, mass iYe s:uuly cla y lo:utl. ln places it is sl ratifi ed 
WJth coarse sand and gr:tYe l. 

Small arPas of i\Ianskrr, Portales, and BerfltOucl ·oils 
arc inl'lurlrll in so111e of' ll1e arPas ntappPd. The in l' lttdcd 
soils commonly oeeur along Lhe ottl s ide IJO ullllm·.r of drain­
ngmra.ys, on slotH'S h1 ltiglt r r lyi ng arpa s. 
. l:.unolt is rapillllllt. is c·otditwllto f he clrainagr s.1·siPill. 

Internal <lrainagn is gootl. lrlt ere thesl' soi ls Ita 1·c IH'Cn 
compncfrll eitlH'r ],_r nta ehinery or ],_,. fliP f ratnpling of 
cafJ.lc, wnter renwittS on tlw Sttrf:t <.:c for sont' lintr. \Yincl 
Prosion is nol . a. SPrious ha zard, hut so tnc trttlliPs hnYc 
fol'lnrd. Bnnk slough ing· occurs " ·here stre;tm chan!wl -
ing is acti1·P. • ~ 

·Tiwsn soils an· suhjc•t ·t.lo o\·l·rl lo\1' anti r·on sl'ljlll'ttlly an' 
of limit ed usc Jor l'l'ops. .Flooclwaf·rr, ltml-l'Hr, lH'ndil s 
r:tn~~e plant s. filtorl'. atHlmi<l grassPs arc llontinattf o11 flt ll 
r:tnge. Di'_ljla nd r'll)lrll;ility 1111if 1 '/u,·-.'] ~ rlillllllir • ::;ow!s 
3 rm rl .1 ; T, nrrmy 11 o II nml an r1 'I ·r11 1 ;1 r .~ i I r . 

lllaclovater loam (0 lo I ]H'tTl'ttl s lopc·s) ([l c).· Tl1i s soil 
is of lintilcd cxf cnt in llt c coulll .1· at]( l (H'<' ttr ,.; on ly 1rifltin 
t. lt e Portalrs irrign.lell nrrn . 

The surfa('C l:tj'l'l' is grayi sh-hrmrn loa til or Fa ncl y cl:ty 
loam nml is ahoul. "~ lo () in ehrs I !ti!'k. 1 t lta s Jn cdiuin sub­
nng ulnr hloeky slructure tha t hrea ks to moderate g ranular 
sf.nt rJ. tti'P. In plarPs it grades fo n ligh t-gray cla ypy layer 
l'.ltn.t is about 4- inches t.!ti!'k. H not l]psfro~·Pllliy 'tillatrP, 
liti s clayey layer has wenk, thin, platy structure and m·er­
li es a slowly permeable suLsoi l of blocky rlny. The sub­
soil is flbout 10 inches thi ck and is umler lain at a depth of 
about 22 inches Ly a l:tyer of dense, durabl e, hard ca li che. 
The cali clt e rcsLri cts the penetration of roots and retards 
f he monmenl. of ,\·a I er. The soil aboye the caliche layer 
hn s been leached of lime. 

Bxrept for a few sn1all inclusions of Stegall l<?n m, shal­
loll', 0 to 1 percent slopes, the areas mapped cons1st wholly 
of Hln ckwater loam. 

Tit is soil occms in slight.ly roncaYe areas and has no '"ell 
ckfilll' <l outlcl s. Consequently, runoff general ly relllains 
"·i.f.hin f !t e an'n.. The wnJer intake mt·e is slo~1 · , and in­
fp.rnal clrai11agc is modcmle or sloll'. Thi s soil ha s th e 
e.apn cif y fo hohl about. H inc!trs of moi sf1tre flta t is slon·lv 
a\·a.ilalil e fo phnl s. \Vincl rrosion is not a lt :mtnl. ·· 

The inclividnal areas of this soil arc s111aller 1 !t an fiel<l 
s ize. Consequentl y, it is dillicuH. -to srled snilnhl c nops 
for these areas. A l:falf:t gene rally dors no!. grcm 'n'll hP ­
canse the soil is slowly penneahlr.. ( 'oflon, grain so r­
:rhum, and small gmin are suitable if tltc soil is irrigafpcl. 
/Jrylanrl cazJa,hility 1m it l1 I ce-9. clim rrlic ZO})(' 3 ; in ·iqrrtr'rl 
capability 1mit // ('- 5; Lnc~my Uplr1nd 1'1'1/lfJC sil l' . ' 

mown-out and dune land (5 to 20 perre nt-. slopps) 
(Bd) .. -Th~s miscel laneo us land f.ypc is macle up of n ry !Oc­
Ye.J·ely 'nnd e.rodp<l arras that arc harrrn of YrgcfntimL 
The orgmt ic maff r r anll fin e sellimenl s o( th e original s ttr-

far·o lnyc·r lt :11·c ] )('Pil eotnplelcly rcmovcll by r.rosirm, :1nd 
largl', :1C'fi1·ely 111<ming s:11H l clttnc•s, 10 lo ];) feeL in hPi g ltl , 
:trn scaff('.J'Pll tltrongiHHtl·. t-h e :trP:tS. IntPrspPrsPd bPI \YePn 
f.lt\1 duttl'S arn hlmroul s w]H' rc tlto sulJsoil ts cxposecl. Jn 
SOli I<'· pi :H~Ps f.ltc\ s11hstralttm is c~ xposecl. 

1\Jo\\'II ·OIIf. :tlld <illll (l i:tlltl is I ~OiillliOII itt f]H I S:tlidJijJJs ill 
f It o norllll'l'll part of f l1 e counl ,v. 1 t a I so Ol~' ttrs in fill~ 
sonfltem part, wh ere it is associateLl 'Yith the sa ndy Ant ­
arillo and Bro1rnfi.cld soils. H ere, the clunes are red to 
rPdcli ~.h broll'n, nncllho ],]rmollts are spol s " ·here .f.ltr~ sllr­
fac:e layer of Pillter f.lt c Amarillo or Lite Broll'nfielcl soil 
has lJcen n.' lltol·el l and f he saudy cln y lonm subso il is ex­
posecl. In arrns " ·ltere Hlmnl-o nt and dune ]and is ns­
SOl· iaf erl with the Ti1·oli soil s, white caliche is exposed be­
hwcn the dtittPS. In 1 hesc areas, some saltccd:tr is grmY­
ing on t he willlllranl side, near tltc Lase of t he dunes. 

Most of .f he. eroch-d n rras in f he souiiH'I'II part. of t-he 
l'oti ttf y l'l'Sitlll'<l front aff·l'lttpls fo Jar111 1·rry sand y Janel 
(lig. 7). To the lrc side of these blo1rn-out area s: large 

Figure 7.-Abandoned field showing blown-out land. 

dunes are cncroachintr on naf.iYe grasslnncl. Jn an cfl'orl 
t-o ell:ect, Jtatural sfal)ilizntion, this erod ecl Janel is fpn r:cd 
to exrl11<le all li1·estock. Altentp ts fo rc1·Pgelal c tltPS< 
areas by reseclling lhe111 to grass genera ll y lta1·e noL lwPII 
snccessfn l. Jio\\'en ' r, snndreecl, snncl !Jluestelll, an<l 1 n­
din ng rn ss arc grmr i ng in f he 11·etter area s on I he \ri ncln·an l 
s ide near f he bnsP o:f I he cltinPs. 

Thi s lancll ta s Iii f le agrir·11llttral Yalne. On e an·:t Jtorllt ­
enst of l'orfa]ps is a Slnfp. park~ 1rltic·lt is used as a pic·ni< 
nrP:t ancl touri st ntfrndion. ]Jry7anrl capability u nil 
F/ l r-1. clim r1t ir zo n r.~ .'] 111111 .1; /) ('{' jl Sonrlmngc .<~ i/('. 

Brownfield fine sand (0 fo :~percent slopes ) (Be ).- Tlti f 
soil is <' ."ft•n si\'!' in flt P "],in -oak sed ion off he (:ottnly, so111J 
of :\liltll·snnd, 1ri1l;re il. is dose ly assoeiafcd 1ritlt Allt:IL'ilk 
lo:tlll_l' litH' snnd. 0 fo il [H'rcPnt. sloprs. 

T ill' sttrf:t< 'l' ln wr is about 18 fo 2:~ in ches th ick ancl 
rang<'s fro111 lin P. 'sand fo !nanty fin e sand in tex ture nnd 
frottl lmJI\' 11 fo rl'drli slt hr01rn in <.:olor. The uppertt1osl 
~ or :1 incltps l'O tnntottly ha s 1rrak platy sl rudurc thai if 
eas il~- lksf ro.I·Pd. The sudn ee layer r esfs abnipf·ly on till 
san ely elny lo:ttn snhsoil. The subso il rangPs front !1 fo :· 
fppf in fltic ·ktt<'SS. H gTaclrs g rnclnally fmm pri snt:tfir 
sfnwfnrc in lite uppt·t · part fo mass i1·e in fhe ]oll'er pari 
:tllll also is l'ecld <' L' " ·ifft lh'pflJ. Jt is Ullllrrlnin by a l'etl · 



p::1S3el7 

14 SO IL SuH\"EY 

,/ 

Figure JO.-Profile of Gomez loamy fine sand. 

loam. H. is s tdJang-ular blocky in sfntdut ·p an<l is al so 
Honral can•ous. This layer is underlain abruptly at a dep th 
of nbo11t 8 incit es by a laye r of ltanl rali che fltaL Yari es in 
tlti<·kttPSS. 

Thi s soil is associaf ell " ·if It th e P ott er so il s nntl 1ritlt 
.At.Tana .line snndy loant s, and sntall arpas ol' fhPSP soil s 
arp. indtHlP<l itt f he :trt•a s ttt:tppetl. 

Tltr. t•ottf rol of' t'ttttofl' is 11of. a proldPttt, Inti s ligltf. fo lltod ­
er:tftl 11·ind Pros ion <':tit lte Pxpecf<·tl. Till• l:ty l' r of lt :tnl 
t•ali l' lt c lintif s th e depth of the root ;r,onc and n•sf ril'! s in­
fprnal dminage. 

Thi s slt:tllm1· soil supports fair to g·ootl sf:tnd s of' 111i<l 
and sltort ~.!,Ta sst•s. /J, ·ylund t'llf lltbil ity 1111il 1"1/s- 1. t ·li ­
m ·tfi(' zow's .j unrl .1- : ,\'h o llo 11• I ' ;Jirwd f'(lll {jf' .<; i fr. 

J{ i m broug-h loam ( 0 to 1 pen:enL s lopes ) (Kb).- Tlt is is a 
sh:tllmr soil f.haL o<·r:ttrs in stnall, ll'idt ~ ly S<':t.LI.erml an:as 
f.ltronghouL tlw r·ottnly. 

Tltc surface laye r of dark gray ish -hro11·n loam ran g-es 
front 2 to 4 incit es in tltid<ttPss, is JJOttcakareous, :u1<l ltas 
tnodcr:tf·e fo strong gr:u11tlar sf rtwhtre. Tlw stthsoil hn s 
snlmngul:tr blm:ky stntcl ttrc nml ranges Jro111 4 to H inl'i tPS 
in Lhit:loH•ss. Thi s l:tyl'r is IIOIH'akan•otts in f ltp uppl' r p:nt 
:tll<l s lig-htly ca.kn.rcous in f lw loll'er par t. Jt is und erlain 
abruptly by n. layer of hard calielt e that varit•s i 11 I h it· knPss. 

Thi s : oil is eloscly :lssoc. iaiP<l with th e level or Jt early 
level SLc,~:dl atHl Clori s soil s, and sntall areas of these soils 
are inelttlled in th e a.reas ma ppNl. 

Runoff is slo11·, excr pt in " ·et weath er '"hen the soil 
becomes satn rated. The rrs isl:tll('e lo win<l erosion is g-ood. 
Bof·lt m ot pendral ion and int ernal drain:lge arc n :sLri d c<l 
by the la.yer of hard ca I il' hc. 

Tl1 e prinl'ipnl gr:lSS('S on t.hi s soil nrc hluP granta. l>la ek 
gmnm, hairy g-rama, s id roat s g r:11na, atl!l lit.tl e bluestem. 
1J1'ylrmd cnp abilit y tm it V lls-1, clima t ic zones 3 o nd 4 j 
S llo.Uow U]Jlrmd 1'rtnge site. 

Mansker and Portales fine sandy loams, 1 to 3 per­
cent slopes (Mc).- Thi s umlifl' r rcntialecl mapping unit. oc­
curs on gentl y slopillg' nplnnd s throughou t t.he county . 
Ahont·. (iO percent. of the tnapping- llltit is Mauskl' r fin e 
sa 11 d r l on 111. 

TI'H' soil s ol' liti s ltllif :li'P. s intil :lr in <·olor, an<l both ha1·e 
a. hro1rn . ntoder:tfely t·oar,.:p fpxtttn•d, r·alran·ous, l!l'anul :u 
sttrl':ll' t' 1:1.1'!'1' ll1 :1i is :tiJtlltl :i itwltl'S ilti (' k. Itt IH>ilt , IIH ~ sub­
soil is j·al<- :tn ·ott s, IJitl . it is ltlol'l \ strotl,! .. d.)' !·aii'Hn•ott s itt lite 
.. \l':ttt !' kt·r soil. In iltp .\lanskPr so il. lit e subsoil is R fo 10 
it ll' lt (',.: flti l' k :tll (l ma ,.:s in·. H o1·crlirs a Ycllo\\·i,.: lt -hrmrn 
s tthsfralttlll that . t·ontnins 1nany m editun~s i;r,ed and large 
frau·tlll'tll s o l' cnli (' ltP. FrHg'ttl l' llf s of ('fllir ·lt e O<'<'lll" on l11c 
sur.l'a t' l' and iltmlt g llottt. liH.'soiiJn :tf eria.l. Itt IIH\ J'ol'falPs 
c;oil, iltl' stthsoillt :;s 1n•ak pri stnali l'. slrwlttl'l' a11d is :tiHntL 
I'.! illl 'itl's fltit·k. Thi s layer o1·crlies :l pmntincnf·, chalky 
snl Jslra lt tttl. Tlt e l'orl:dcs soil con tn iJt s Jc,1·, if any, cali che 
fragtn <' tll s. 

~nt:dl arpas uC f.he more nearlY Jer el Potter soil s atHl o f 
( 'lo1·is lin!' sandy loatn , 1 to ;l percent slopes, are inclt11lcd 
i 11 I he :t n•as Jll:t pped. 

The Mansker :u11l Portales soil s are ·well draitH'(l rulll arc 
lllOdPr:tfl'ly sus<·PpLil>l c to ll'ind erosion. Dotlt li:t\'C a Jtto<l­
er:lf el.' · penn cnul e subsoil. Hunoff is moclerate. 

S uibbl e dry [:ll'lncd crops nn~ grain nml f orage sorghum. 
Suitnbl e irrigated crops nre Slllall grain, alfalfa , alltl pas­
t.nre pla11t"s. The range snpporf s fair sf:mds of tnid and 
1 a II gnt ssl's. 1ll ems leer fine sanrly loano is in d1·ylmu! rrtJ ift­
bi.l ity un it IYe-3 i f i n climatic zone 3, and u nit l'lr- g if 
i·n diml/ t ir. zone 4: il'l·igatcd 1m it 11' e-'7; L imy U;Jl(l/lll 
mngc -'ilr. l'o l'talcs fi ne smzdy locun is in Jl "e-:-3 if in 
cl ima.tir: zo ne 3. rm d 1tnit V 1 e-1 i f in climatic zone .1 j il'1'i­
gatrrlu nit f fl e'-?' j 8 muly U pl a11cl 1'an,r;e site . 

Mansker and Portales loams, 1 to 3 percent slopes 
(Md).- Titi s rtn<lifl'crr nt infPtl !llapping tlllit occupi es litany 
oft 1\l'. /.!'('IIi It\ s]opl\S f lli 'Oill!,'hOilL fill \ ('OIIIlt ,Y. 

Tl~t•. soil s of' liti s tlttil.lt:II'C sintil a r profil e ('.llar:wl<:ri sl ir ·s. 
Both han~ a !1 -ill!'IJ, IJI:OI\'Il to g-rayish-hrm1·n , eakareous 
:;urfa t'P. lnyt•r that. hn s 1reak granular stru c.ture. Ju both , 
f·he sttl,soil is sandy clay lontn , buhn th e ~lan ske r soil , thi s 
]a r er is nta s,.: il'l·, or s lnwturcless, antl in th e Porlalrs it has 
1n;ak lo ttlodprafp. pri snt:di <.; strJtcittn•. ThP .\lan sker soil 
is lltlllPrl:tin af a (h•plh o f less than 20 in ches Ly yello1ri sh-
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brown cali che, aml there arc Iltatty metlitttn-s izt•d and larg-e 
fragments of caliche on the surfa ce and throttgltout . 1l w 
soil material. The Portak.; soil is und er lain at . a dqllh of 
20 to 3G inches by t~ soft, !'IIalk,r, prolll inl'tt L li111e zo11e. 

Inclmled in the areas mapped arc sni :dl areas of ( 'lo1·is 
loam, 1 to 3 percent slopes, and of Potter so il s, 0 to D per­
cent, slopes. 

The l\fanslwrand l'ort :tlt ·s sr>il s am wt·ll tlr:Iittl'd at1<l art1 
motlerately jH : rtJJI ~ :ddt :. I:Itt to ll' is tJJtHIL:rat e or rapid. 
" rind erosiou is s ligld , IHtt ,,·:Iter erosion is Jtioderate, antl 
there nrc some scat tcred gullies. 

If diyfnrnwcl, tlt ese soils arc snitetllo g rain and .forage 
sor:,rllllm ancl !'all be WiP<l occasiottally for wheat. U11tler 
irriga tion, tltey are Sit i I Pd to n~gel a b les, stu a II gra i 11 , cotton , 
and nlfalfn. The mn/!e support s Jair t·o good staud s of 111id 
and shor t gra sses. Jfrllt 8!. ·1' J' Iorun is in dry111 /lll c11 t>({ IJilil y 
\lllit fl 'e-!3 i. f in dtllli/,{ie ZOIW .], llild lllltt J' f c- e / f t l! c1i-
111 !l fiC zone .1; ·irrigrtte1l uni.t fl 'c-'7; Li.111y Utl1111it nlllf!l~ 
site. P ortale8 loam i1> i.n dryla111l capovility ·un it ll 'c-:3 if 
ilt climatic zon e 3, and '/Ill it !Ftc-~ if in d imrtlic .zon e. ~; 
irr~qa t erluJtit I I f c-C/ ~OI{l/1,11 u,,7and 1'1111[! ~ 8ilc . 

Montoya clay loam (0 to a perc:ent slopes) !Mc).- Titi s 
isareddi sll -l>riJI\'It soil t !J:d de1·l·loped ittlitH~- II' XI itl'l' d :IIIu ­
vinm from areas of red -IJ ed shal e. :n OL:curs soul lt\\'est·. of 
Elida and in IIIP. Yi einily of Hed Lake, l_,ei\\'CL'n Elida and 
Dor:l. It·. is lilltil ed in ex iPIIt. 

The s url':wt ~ layer t'Olt sisls of alJOut l ~ illl'lleS of calr:arc­
ons, granular l1 eavy day loant. Hoot s arc almntlatll in 
this htyer. Tltc subsoil is s ilt y cl:ty. It is about 18 in ches 
thick, has weak, r:oa r::;e, subangul:tr hloeky structure, and 
isstrongly calc :an:otl s. It. is tiiHlel'lain l>y reddi sli -l))'(mll, 
lli:ISSi re, st 1'011 gly c·a I c·a rPOII s r: Ia y m· s i 11-y el ay tit at r·o n ta i ll ::i 

nnnterous ft-aglliCilh of \\'l'al het·etl shale. This tltll!Prlying­
layer generally is moist and mottled, an ind i('a( ion tha t. t lte 
soil fol'lne<lutider \\' et L'Oild it ions. 

Inclucl ed in tlt c area s utap)H ~d nrc :t few art•a s ol' Bt•r­
thoml sanely loattt, ~ to U JH~ I Tl' ll t slotws, ancl snuiii a t'l':h 
of'l'ra,·ess ill :l Joa111 . 

Hnnotr is rapitl on this soil, and intern :il clrainag·t· isslol\'. 
Soil piping iseotnmon. SonwgltlliB:.; lta\·e l'orlnl'd in :~rt ' :l ,.; 
ll'lllm; lim Vl ·g-d :II ion It as IH:l:ll clt ~s lro_yl'd l>y ro:1ds or !':tl tit : 
tr:tils. It will be dillit:uiL to )Jre\'Citt Jurtl11'r t:ros iotl of 
many of these gt1llies IH:I;aii Se runofY is rapid. 1\'lt t'tl 11·el", 
this soil is 11nstal>lc and very sl ic·k. 

This soil is not :farnted, bu t it provide,.; f:~ir gmzing. 
Tobosa is the principal grass, but. grama g ra :osc.-; and IHII'­
f:llograss occur in tl1 e plant corer. DrylrtwL ciiJntl, ility 
unit Ylw- 1, climl{tic zone~> 3 and .L· Yalley 0 /uy nllt(!C .\ill' . 

Olton loam,Oto 1 percent slopes (Oti.- Thissoil cH'I'tlrs 
in tho WIJt \:d.- 1-!; I'O\\'ittg Sl'l ',i ioll of' llll \ I'CIIIIli,Y i11 ll11• l' i< ·ittily 
of Hogers and Uom . J L is 11ol ext ensi Vl'. 

'J'he sndace layer con sists of abottL -1 inl'h P:::> of lmmn 
to thrk-brown loam. ]t. has strong g ranlll:tr siniclure 
nncl is noncal ca rem1s. The s11 b:soi l is Honea ka reo us c: lay 
\oam. It is aho11t 2-~ in ches thi ck ancl 1~:~ ,.; snl>:lltgnlar 
blocky strnct11re (fig. 11). Thi s laye r o1·erli es a st ron ~.dy 
!'all'n.reons laye r thnt is 18 ·to ~0 in ches thi ck, light reddi :-; 1, 
lti'Ol\'ll in color, a till 111ass i 1·c. The sniJsl ralullL is \'cry 
siTongly cal careotts pink s ilt lo:un. lt is sintilar to lite 
parent sedin tent s ol' the .\n1arillo soils. 

lnl'lntled in the areas ni :q>ped are a few stnall arl'a s of 
.\marillo loam,() to 1 pt'l't 'l'lti slopt·s, ancl ol' :-llt·!-!·:tll lo:ltlt, 
() (o 1 jH~ I'I'l ~ lt L slopt !S. 

Figure 11.-l'rofilc of Ollon loam, 0 to 1 percent slopes, s howing 
s uhang ulat· blocl\y st ructure of s uhso il. 

l:ullllil' is ttttHi t· r:ile, :tiHl iitlerllal drainagt\ is s lo\\' . 
Pttddling is t'OIItltlOII follmring a. ltard rain. " 'i 11d ero­
s ioll is a s li!.!·ht or ntodl'rate l~:~ zan l. 

If drd:;nned, I hi s ::;oil is nsecl principally :for whent, 
but it a'lso prodlll'eS good yield s ol' grain sorgh11lll. The 
range is pmclllcli1·e of lH>Ih sltort and ntiLl grasse". J), ·y-
111nrl ('(lfJliVility 1111 it. I I !ee-l if in climat ic zon e J, and 
fl 'n•- 1 if in tl i111alic zon e 4)· iNigalf'rl Ntpabilit y n 11i. t 
[ /1'-.~; T.l~fi"'.'J 7 ·,,fti JI{( rllll fJC site. 

Olton-Zita foams, 0 to 1 percent slopes (Oz).- Thi s 
L'Oiltph·x consi:-;1:::> of :t litnit ed :ll'l'l':tge ol' \\'lll•at -pmdneing 
so ib in I he panltatHll c sect ion of t he county. 

'l'ltl'. :' lll'l':u:ll l:tyt·r ol' both soil,; is :dHilil -1 to (i inr ·lll'S of 
dar!; grayi sh-IH·o ll·tl lo hl'lll\'11 lit ':ll'} lo:lltl. Thi s la yt'l' 
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ha .'-' IIHHIPrale, mc<liulll 1 grn11uhr slrucl.urc. Jn I he Oil on 
soi l, I lie\ clav loam subsoil is auout 21 in ehrs I hi ck :tnll ha s 
prisu1:1l ie si ruduro th:tt brra ks I o mmler:11 o suhnllgllla r 
hloc·ky slrudum. II, is undr.rla.in by a pink f·o rr<hli sh­
,\'l'llow, sl rongly cn l< ': ln'o ll s, massive su l,sl.r:illllll 111:11. <'OII­

Iains frag·nlt-nl s of ca li che. ln f·he Zila so il, !he sandy 
clay loant sub, oil is Ul inehes Lhi ck :111<1 ha s III O<l<\r:IIP, 
Jn ed in111 1 prisnw t.i c ·frudu re. lL is und erlain by white, 
eh:dky, soft c:diehe. 

lnelud ed in t he areas mapped are slllnll areas of Ama­
rillo lo:u n, 0 f·o 1 percr nt s lopes, nncl of C lm·is loam, 0 to 1 
perc'<\llt s lopes. 

Th o soils of f·hi s eon1plex have goocl inl el'lml drainage, 
a. Jnoder:11ely pcl'lur:tblc subsoil, nllll IIHH1!'1':dc runoll'. 
~Vi II< l erosion is ·a sl i gld, or mode rai l' h a za nl. 

H moi shm' rond:l ions nre fa1·orahle :11; plan I ing- tillH', 
t.ht-se soils are su il cll lo 11·heaf.. 111 dry yc•ars, Iiley ran lm 
SIIIIIIII C'.l' f:dlo11·e<1 or sredrd f·o gmin so rgillllll. The l10ill­
illallt \'Pgdnlio ll on llw ra11gn is 111i<l :IIH1 short g ra SS!'S. 
Olton !own is 'in rli '.'flllllrl Mp111Jility 1111i! 11/r•r•-1 if i11 
clinudic zo11 e :J, oJUl u11il !J ·'I' c- 7 if in !'limolio 2011 r .1.,· i J•-
1'i,(j({f r rlunit I l P- 4; ] ,orl/11,1! f!JIIrn)(/1 'tln(!r~ ;; il r• . /,it rt. lofl111 
is in r!l'y11/nd Cfljiflbilityunit I 1/ce- 93 if in rlimolir: ZOJI(' . . }~ 
anrl vnit n rce-.C? if in tlim!llic zon f:! {: i n ·iy r.dr rlunit l!r­
:J; T.ornny TIJ!lllnrl1'f!J)(!e silc. 

Portales tine sandy loam, U to 1 percent s lopes (Pa ).­
Tiii s soi l oc·curs lll :t inl y ~o11lh nnd easl oJ l'orl n le:-: , " ·il hin 
the l'orl :tles irrjga.IC'<l area. 

The Rllri':H'!\ lnyl'r is t·al<·:ll'l'nll oi, .u:rayi ~ ll - lll ·o,,· n fill! ' 
S:t 11dy lo:1111. His :dHllll li in<'ll<'s ll1i <·k :1111l l1 :1.s filll' gr:l llll ­
)ar slrneture. The SIJi,soil is modt•r:tll'i\· pt·rlll<':dd<· , r a l­
careous loam. It is ai>ollf, 1~ i1wlws li1i ck :I IHl l1a s 1n•ak 
prismati c structure. Tl~e slli>slrahllll is li1ny, ma ss i1·e, 
gray clay loam . 1\r:tiPr n1 o1·es into !hesnbsiTalllmreaclily, 
uut.frw root s occ.ur inllii s Jnypr. 

f:imn ll areas of li g ht.-eolorPrl J\ r, ·h filll\ ~andy loa111 a re 
incl11c1ec1 in I he areas lll :t ppP<l. 

The l'orlal es soi l lnkPs 11·:11·e r rra<1ily, nntl it l10l<l s n 
moderate alliOIIIlt oJ 111oi slnrc I hal nops <': Ill u,:r. H11noll' 
is slow, an<l internal dminagr. is good . ~\'i11d rrn;.: io11 is 
a, III O<lerale lmr.anl, and rarcf llilll:lll:tg!' llll' lll i,.; 11 eeded lo 
millilllille dnlnagc by ll'ill<l. 

Thi s soil is sllilrtl ·fo IH' :IIlll b;, c·.ollon, SIH'Pipol :dors, nml 
alfalfa .. The rnn ,<:?:e S11ppo1'1.s goo<1 sla n<l s of 111id gTa ~s(• s . 
l>ryla·nd rapability1mit !Vr -:J if in r limfll ir .-: o/1 (' .?. rn11l 
V ! e-Z if i n cl im atic ZO'II e 4; h ·l'l·rJt!lerl l' (( jltllJ i l i ty ·un i t /Jc­
D;"Srwrly U plnnd 1'm1qc gife . 

Portales loam, 0 to 1 percent slopes (Pb).- Thi s soi l 
O!'CIII'S n1 :1inl y IH'Sf . antl norlh11·Psl of l'orl :tl<•s in lhr. ,-i­
ci nif·y or lll•ll; el. 

The Sllrl':l<'e l:t yE'I', which is aho1 J1· -1: lo 8 inches thi ck, 
hn s goocl filth and fine grannlar slrlll'llln'. Jn plan•s 
t il is l:Lyer js c:d('a n•ous. The su bso i I is l':d r a reo us, pri s­
malje sn ndy cla y loa111 about Hi inches !hick . .II is llnder­
l:t in by a li1n e zo11r. that is li gl1t gyay in l'Oior anl1 ranges 
front sa ndy loam lo clay loam. Fe11· root s o<'<'l ll ' in this 
ell a l ky su bst.ratllln, hut 1110\·rment of Jnoi s! nre ! h roug-h 
this layrr js m mlrralr. lnclm1ed jn I he nr<'as mapped are 
sm.all area s ofAreltlo:un. 

Control of l'lLiloll' is nof·. tl ifli cnll. on I hi s soi I, except·. fol­
]oll·ing .inl cnse s!or1ns of short duration. Drainage 
thro11glt the soil isgnod. This soi l takrs " ·aterrca<li ly,and 
it. is r apahlc of l1 ohli ll g :t nl olh•ral e :uno11nt of moi sture 
that crops can use. 

The pri11('ipal <Tops 1111d<•r inig:tl ion an1 LH':tlllll s. t·ol.­
lon , :u~<l Sll'l'PipolaloPs. (irain sorghlllll is suil:thlo if ll1c 
soil is dn· l'ariiiP<l. Mid and shorl !.!T:t SS!'S nrc1 doJIIill:tlll. on 
Ill(\ rang·;,, lJi ·ylttlld ('II JIIIIJil i ly 1/;li/; /l 'r- .(e if i n r-li/1111/ic 
.:· n/11' .;, 1111d I l '!'r'-,! if in , · f i mt~lio .Z II/11' ~ ; iJ'I'ifJtllt't! r'tlf'tl­
bilityunit 111'~3 _: J.oruny l!plu11rl J'(lll.rfe .'<il e. 

Potter soil s, U to 9 percent s lopes (Pc).--TI ,c•sp ~oil s n re 
exlcnsinJ 011 ll1e rid gPs and !'S< ':ll' Jllll<'lll s liii'OIIg·lirnJI 1 h<l 
l'O IIn!y , and I hey eon1mon ly Ol'! 'Ur on th e 11·jndwanl s lopes 
of playas. 

Thrsc are soil s lha t 11a1·n a p:de-hro"·n, l':tl<·arrous snr­
fa<·n la yer a hon t (i iJI('hPs ll1ir·k. This la,y<'r has _~ ·p ry 11·<·ak 
subangnl:ll' bloc·k,· slrudure I hat· bn•aks !o IH':tk ll'r:tnular 
sll'lld;ln'. IL gr;1dcs to a. slrong ly cakan•ou ::; l :~· cr that. 
!'Oillni ns 111:111.)' loosP, llll'!lilllll -Sizl'<l fra g!ll<'lll s of <·oarse 
calir·hp, 

~nndl are:1s of J\lan skt•r lo:t JII 1 I lo :: jH'I'I '<' IIL s lop<·s, are 
iI I(' J I I d ('( [ i 1l SO III(I 0 f fltc a l'l':l S Ill a Jl j>P! [. 

Hnnoll' is lli<Hkr:d n or rapid on ~hp,:p soil s, lnd \Y:dl'r 
Prosion is nol :1 :-:c rio11 S ha z: lnl.la'l':t ll :-:p of llwn•sislan,·p of 
llw inlhPddl'd r·n li <· he nwk. \\'incl l'ros ion is neglig· ihl e. 
J nl <·rna l dra illa!.!·e is !.!·ood. 

Th!'sn soil s :1 ;.e not Sll i I<'' l I o nops. TlH'y Sll pport fair 
shtn ds of s i11J1 t. and 111id gTa s~ r· s , IJnt in pla('('S I hc•rc are 
h(':11·y in1·:1 s ions of snak!•\\'('<'<1. Th ry a te oftP n II SP<l as 
IJ:t st· 111 :ill' rial i11 lhP t'OII slnwlion of road s. /)rylflllrl r·fi ­

J)//lJi!ilyllnit 1' 1 h - 1, r·lim!llif' 2on es .] tl/111 4; ,\ 'fut/loll' flp­
f ,nul r11nr;r• .e; i lr' . 

l{i ver was h (Ra ).- TI1i s land lyp<l or·u 1rs in tl1P pan ­
il:tll.tll(\ :-<'dio11 qf' IIi< ~' ' "'"''~"· II <:onsi sls lll:tilil)' ()I' I<HJ :-: < ~ , 
IIH'diiiiii -IPxllll't•d :tlld <·o:II'SP-It•xlllrcrl ~ allrl.)' Jll :tiP ri a l nnd 
ln•d s o f !.!Tan·l in IIII Riah iP slream rh:t llll<'ls. TIH~ I'P is no 
profi le dcn•lopmt-nt. These areas are subjert.lo orcas ional 
0\-('rl lo\\· anrl fl ooding. 

This lll:t iP ri :d h:t s lilll <' :t!!Ti<'11lt11rnl va l11 e. His 11 Sc<1 
I o soli I<' PXI <'I II for t'oll sl r111'1 i~111 p11 rposPs. l11 a fl·\\· p lat ·!•s, 
~ali<'edar a1Hl l'ol loll\Yood lrPcs grm1· on or llC'ar !he crrrk­
I,P<l . I:in·nY:I sh i ~-; not ~ ~~0\\'l l i'u a range s if·p, but it. o·pn-

c ,.., 

Prall_,. is illl' lii<IP<l in thP range silo of :ulj accnt areas. /Ji ·y -
7"11" , .,,, )1 ,/J i l i i!J 11nit l ' l// 11·- 1. r•lim11tir ?. 1 • 11 1"-~ .] r111r1 .1. 

Houg·h broken land ( :) lo 25 JH'n·e nt s lopes) (Rb).- This 
land 1,\'jlP i" k11o1rn lo<' :llly :1,.; llw BrPaks :uul as lhelligh 
l ' l:till s l'Sl':t rplll!'ld s. Th(\ Bn•aks are thP \ 'l' l' ,Y stPrp , \"Pl',Y 

sl1:1 llm1· ridg·ps ll1:il . O<'l'lll ' i11 ro11g·h, broken nn•:ts in lh e 
pa1111:1111iiP . TI1P lli gh J'lnin s r searp111 enl s oeclll' 1nainly 
in I liP 1 it· ill il ,. of I ·~ I ida Hll<l Krnn:t. 
. Til(\ Sllrl'a;.!, layer of' lhis lnn<l type is thin an<lranp:es 

·I rom sa1Hh· loan1 to lo:uu. J\lany rocks of sa ndstone or 
<·:di··llll :t)'(; !'X pos0d, :111d in son1c1 'areas shal e red brds arc 
l'XJHN'<liiP:Ir II HI IJ:t se of sl<'l ' i' hn·ak s. 

\\'i1Hl rmsion is negligible, but. wafer eros ion l1as l'a iiSctl 
I h(' fonnation of 1nany gu ll irs. Hunofr is rapid, and in­
IPI'n:tl. drai1mgo is good. 

ThesP :\I'!' as ha l'fl l i 111 ite!l use for grar. i ng IJer:: u1 se 1 hci r 
slotH'S arc~ nol . re:1dily a<'<'c•ssiulr.. ll.o 11·e,·cr, these slopes 
o ll'Pr son1e prof ect ion f·o ra II le during jnclrment " ·eat·her, 
~o1nc an•a s prm·icle good lmse mater1al for road construe­
! i o II. 

Blade gra 1na , s i<1eon,ls gra1na, j11nipPr, an<1 }llcr·a :u·c I he 
l'-OIIllllon ngPiation. /) ryland ('((pabi1ity 1111it I :1 h - I , c li­
'1111/f i r :;;· on r·.~ .] 1/ nrl 4; 8 lw71mt• U J11and 1'((11rJC Rite. 

S pring-er loamy fine sand (0 to 5 percent slopes ) (Sf).­
TI,i s soil or·<' llr;; I hro11gho11L the ro11nty b11t, is 111osl. Pxlen­
s i rc norllt of Portales and sou I h of Ca nscy. 
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·Development of composite flood 
hydro graph 

This section describes the procedure for developing 
the peak discharge and selected discharge values of a 
composite flood hydrograph. 

Selecting Tc and Tt 

First, use work~heet 5a to develop a summar~· of 
basic watershed data by subarea. Then u~e 

Table 5-1.-Ia values for runoff cur\'e numhers 

Curve I a Curve Ia 
number (in) number (in) 

40 3.000 70 0.857 
41 2.R78 71 0.817 
42 2.762 72 0.778 
43 2.651 n 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 .. 
4H 2.167 78 0.564 
49 2.0H2 79 0.532 
50 2.000 80 0.500 
51 1.922 81 0.469 
"•) 
0- 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 
()2 1.226 92 0.174 
63 1.175 93 0.151 
64 1.125 94 0.128 
(i5 1.077 95 0.105 
66 1.030 96 0.083 
67 0.985 97 0.062 
68 0.94 1 98 0.041 
69 0.899 

\\·orbheet 5b to den:·lop a tabular h~·drograph 
discharge summary; this summary displays the effect 
of individual subarea hydrographs as routed to the 
\\'atershed point of interest. Use l:Tt for each 
subarea as the total reach travel time from that 
subarea thruugh the \\'atershed to the point of 
interest. Compute the hydrograph coordinate=- for 
selected lTt 's using the appropriate sheets in 
exhibit 5. The flow at an~· time is 

[Eq. 5-11 

where 

q h~·drograph coordinate (cfs) at hydrograph 
time t; 

qt tabular hydroJ..,rraph unit discharge from ex­
hibit 5 (<:sm/in); 

A 111 drainage area of imlividual subarea (mi2); 
and 

Q runoff (in). 

Since the timing of peak discharge changes with Tc 
and Tt. interpolation of peak discharge for Tc and Tt 
values for use in exhibit 5 is not recommended. 
Interpolation may result in an estimate of peak 
discharge that would be invalid because it would be 
lower than either of the hydrog!'aphs. Therefore, 
round the actual values ofT, and Tt to values 
presented in exhibit 5. Pe1form this rounding so that 
the sum of the selected table values i~ close to the 
sum of actual Tc and Tt. An acceptable procedure is 
to select the results of one of three rounding 
operations: 

,o' 

~i. Round Tc and Tt separately to the nearest table 
value and sum; 

2. Round Tc down and Tt up to nearest table value 
and sum; and 

3. Round Tc up and Tt down to nearest table value 
and sum. 

From these three alternatives, choose the pair of 
rounded Tc and Tt values whose sum is closest to the 
sum of the actual Tt. and Tt. If two rounding 
methods produce sums equally close to the actual 
sum, use the combination in which rounded Tc is 
closest to actual Tc. An illustration of the rounding 
procedure is as follows: 

5-2 (210-VI-TR-55, Second Ed., June 1986) 



'R? -<? 
<: -~ 
::z:l 
&o en 
UJ 
ro 
n 
0 
::l 
0.. 

t::l 
0.. 

c.... 
r::: 
::l 
ro -~ 
00 
.2: 

en 
~ 
:.0 

I 
·J 

) 

Exhibit 5-11: Tabular hydrograph unit discharges (csm/in) for type II rainfall distribution 

"\ · 
· .;~ 

T~VL --------------------------------------------------- ~yoqcG~APM TI~E (MOuRS) ---------------------------------------------------
TIME 11 .J 11.9 12.1 12.3 12.5 12.7 13.0 13.• 1J;! 14.3 15.0 16.0 17.0 18.0 2C.O 26.0 
(HQ)11.0 11.6 • 12.0 12.2 12.4 12.6 1Z.8 13.2 13.6 14.0 14.6 15.5 16.5 17.5 19.0 22.0 

------·- ·-·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---·---+---·---·---·---·---+-
------·· ' ~.n 24 
.1 0 21 

/ • £1J 18 
• 3 ') 1/7 

.41J 
\] • 51j 
' • 7 5 

1.0 

-

1 5 
14 
1 2 

-~ 

IA/P a 0.1C * * * TC 2 0.1 H~ * * * IA/P : 0.10 

··---·---·---·---·---·---+---·---·---·---·---·---·---·---·---·---+---·---·---·---+---·---·---·---·---·---·---·---·---+---+-
34 53 !34 6471C10 623 217 147 123 1C4 86 76 66 57 51 46 42 38 34 32 29 26 23 21 20 19 18 15 13 12 0 
29 43 134 267 520 847 701 378 224 157 122 96 75 64 56 50 45 41 36 33 30 27 24 21 20 19 13 1f> 13 ~ 0 
25 3~ 61 1}t 215 4f6 704 702 4!!~ 3/12 209 15j1 94 ~[' . 62 5( 49 ~l 3S ~ 31 2p 25 ZtQ 21 1ft 18 r'6 14 0 
23 ~J 56 T2 174 3~7 sa2 61~2 545 }59 H9 1,0 109 "'! 65 r6 50 ys 39 /5 32 ?(9 25 12 21 J.O 1S ,/16 14 2 0 

20 
19 
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Exhibit 5-11, continued: Tabular hydrograph unit discharges (csm/in) for type II rainfall distributior 
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Exhibit 5-11, continued: Tabular hydrograpa. unit discharg~~-. (c:..;r,l/iu) for type II rainfall distributiOn 
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Exhibit 5-11, continued: Tabular hydrograph unit discharges (csm/in) for type II rainfall distribution 
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Figure 3-1.-Average velocities for estimating t ravel time for shallow concentrated flow. 
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