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:för 'fned 



mo 

och 

Om 

011 

, ~; . 

röri?L 

ti)(1 

vhnde . .'. V 

Nti:r Ul[:\Xl väl do 

.inte i.fö 

spe 

lt omnw.nd e 

;j hi:irvLcl. om 

bl:i. m.er ii:n. 

ter :i. d:Lr.l:flll':' 

t'öl,luL)ö.e l:Ll;Le ett J. 

tra:f:Llzera 

+-> 



g;enolu 

irtte 

y 

de 

·fn.ll 

bool';: 

'fIlt' f.ield [if dl':II1i!li'J' \"~'lY IJ]'" 
;·d;d 1(',',; Illlii 

III (; \. (~t',\' 

\\'~d VI' l lIt 1"1 \,(' j 
and udj:t('('Jt1 i·lrt'/U~~) (Jr w.'t.li:'I' (:UUl illt 

Yo 

\ ('[ ,j}J':!f'1!!,1\ :":\I('j) 

ndt;itJI)"! in tL(' }ilO 

JJlll'::."l h\~ )l):":.1(\ -in ord,')' [J! (,!),' t~n ',jl''l\l.'ll(· 

D.l'i: hyr) ba;·~.;(' I.:j'\:' n U'l!.' ,~~I·fll. Hl;) 

aud Itydroulir' d(;,~·l'Uil. ;\ g(l:,;d dl 

ld n~' h,)·I.!l nl()P-.\') 
O[\('JI n.·('I).":,J)}z(:d 

1" l ;'1 'j/lVll t 
(;r;lJll;IPJ' 

of rn:lf:,l:iiud(','~ of pv,JI- r:i{ of J'llIHJf: ("fil' '\':n.i\.I1 Hli{'! L: oj C\jW{ kj 

)ogi" an'd)J(I;)I(:~:' \.:,),\;'.1.,; liC '\';;:'/;:',.:';' i;'l',i:~!,: : \\ :,'" .(')]1, IIl"d ")~:. ,;,:\t 1,0 ':,,'.; ; ,'.\" \;," 
~j b:d:ulccd dc,,\~!_.,j \\'!tu'I,·1,,\ ('\):~i' '.';!1\ pl,I'/'!'j il)); 

HI~('rHi ilJel'(';\ ',('>; jl) Ll;,L\\·::.y ('011:--' nJ~ tiOl: 
L~J\'{: )'{>;-:,tdicd JO )llO)'C 

ljJr(l:',;lJl:;tt'.ly ?rl jh'!' "\;iJl
L 

~) }'!) l'! \ ll'C~:;) i lH\l " 

ruh'~; of till.llnL {Jr UH~ pi1 ,(,\.. 

hydr()j{)~!jr: d~d~\ 'fn hH~ (~\!yd! 
'lIlld ndc:'., of tLlllnl,. 

L:\\'(; be!.'i! tlil!;' 

Hlany j()C(tl jrl.1 I'" ;i)l) J:!(' L~\ d rULJil.,l c rI:d 

pO~'"';;'.l!(A Ujr~ :t))pli(',~Jt;()fl 111' f:·,'lu,::;r'r.f 
:l.vniLd)JI', }~i d',I\,,:'I) ;-Uh] l"1)\'I!l.f'1' c\ 

ihL1(,; ;'Pld 1'L'('l'l/l :",( udii" lif! Jll:tdc 

i:l !o ;Jlln(' ~Ij·\'~t~:; ro)' wlli .. ,tJ dlli'('t l\'\'tll'd:-: ;!l'I' 

1<,!\'\l d:d:i {·(lU\'ctlt~;"I; J))'j :~('Jii !,\ ;;111 '\':~:;' 
UJHJi)111J i cdly wi)l cxL:tld pr .. ': CHi L,t}\i\, !!lid hr!]))!, Hholl{ 

Hppro:u'!ljJJF, Ul(~ j.lJ"lildl..;lfJ.·. (il h)i'!ridn,(,\if' il11.:!l\·,<i·; 

) 

(0) ,. 

L .J. 
V l, 



!n Il 

alJlo!li,t 
Wtd.i.'r;~ (Jr tlln G1 rean), 

dai in?,' t Ile )j{;od \vat{~T'.':; 
tiJnn ilJ1Cl'\':d;·; J1, 

the )wigJd 'wc! kllil:Lh ,kpclld s"lcly t.he 
t·h~tt ilHli';i. Le to !lc{'onlnlodatc~ Hood 

IH'o))L~}ii gUl'~'; br:yond tlud· of nCCOnl1YlO··· 

pJ'(!dic1.1uj) of UH'. \'n.dou~) ruavnitlld{,f~ of {lond:·} for 
}tnp();':i>ihk (o :d:dn flint If'; 

Lna):jpJlllii th;t1, w.i11 evC}' OC('l11'\ ;1)"1(( ii. j'.i tht.'refof0. 
11lnxinHllll, ~~i~I;'(' 110 C:1.illif.d, be ns('ctl:linn:L H, sc('nl:~ to d('~~;p;n a {))'('':'' 
dii:{I.'d fl{)('Jd of ~:t)Jnc ;:;d('i'\cd .ln1c;'\:nl nond liLl;i:illlud(, tl!nJ eould l'c~u~nn:!.hly he 
(;X.1FJ:1cd 10 ocnll' For {'S:lH1p!t" fl LH'idvc' Jll:lY b(: 

fur;J il n(Jod \vhie\; (:\f',f'ordillg to 
u! 

{)JlCC ild:·-j d«~:iy;n ri'cqHj'I~(',\) nr ('Xpcci/'d o('.('\nT(,I~{·(') h:u.; IH:C'f.) 

dpc;ide,d
J 

Li)c HHH1;,n~iH t.n dC\(l)"jlll))C ;1 Hl:q.:,liitlldt, i:~ HUlde. \VL('!l1,'\'{'J' po,:;:;HJlf\ thi:; 
n.nal,}/si::.; is hni>~cd Itl10n VJu1C;<,d H~\;o:'{b Jn lHt·!lllJi.T uf 1Jw Sl.l·\;:lJfl;·; JU p:lcL 

f.')U)'V(,;y", ,; 

;·lJ'e ~nni; ~\v;liLd.di', crlli . .:; 
u lid Uw n',f>, ("~U1"P:-; of 

nddi! ion; 1'01 

nrc;·\f; iHH.! f(fr ;,-;Ln .')nl;~ \\'ll{T(~ f!n{jd 

{~)'L, Cnh'('rL~ \ n't'Y Hl ;,~i%c frn:m hl';!J; )}l 

to ('i;'{:nb~.r ciliptJc:d Plpn) tiHd thcir 
(OIH.LiJt;~ u iHL"l' t Lf' road \',,:!.)",. 

p;rCH.ter cosi, in 
strucJiun doIi:1l' g0(li:; to 

the,n ii:; cqH~dly ,t::; ;l~\ 

Il" trcrd,,,d 

lvluuicipal StOfl!l 

tlp:n.i nf(: l.ren ted 
1,11:11 of L"idi':i>;;; 111(\'/ 

strueturcs rCf('TTed 1.0 [\;:l sion}) ;tIHl Ulcir n)lptl'j'~(:ll:)n{'(::-\, 
lelH inerca,swd in iIl(ll:l(' :\1'(',1::; prjulnrily for l\\-(\ rC':l~.~OIl~;: tL(\ the 
area ereafcr; fl. \'(ll'Y fultoff; fl,nd Ow]",' 1:': Iii tIe tuOn1 fnr ngi \i':i1Ct:l' eO\ll';)~:;':'J. It is 
of ten to tlin en t.i i' C' ~~t(!l"n. \\';lfcl.' )1)io il [-~ystd";) nf :;lnd Lx-;lnSlnlt il 
over dl;)t:llj(.'('~~ lwfon:. il- eno f.H' Ioo:"cd ;lgnln iW 8tlrfac.t.: rnnoff. 11\h18 enJ·· 
ketioll i1lld trnllfilfli"i310)) furi.hcr ir,,;l'(,:\:;(~ \llC' !I)'O)Jk'lli, "i))el) ::d\ of the ",,,kr niu.st 1.w 
ool!r:ei,ed with vid ually !lO tLt,,: elilllin:l1 inre 

nrc lT:U,ht,d Inerre 
riun,· 

ful' stornlH of \'ttrinrL~ 
fl lilO\11lt of 

of f)t.nnn S('\\"(\l'H and ,lppnrh:llall('(~~~ i:.; l"ljOl'C' critie:d t.hall 
t!.l'(' ;nol'fI. f::en~jt ;\-C~ and C'o!nplcx. 1.1 JS 

not U1H'Oll11110n to filltJ. C(H~B \yhcre i,'~. C'>.ce~.;J\'(' UH fl. )'U;'1C!w'a\' or f:1f(~(>\ nnd 
the drain:tt/~ sy,..;ic}n iK not t.i(\cd 1.0 )(::~ full (';·~lU('.it)'j lIuli.r:: __ (tillg itnp;'Op(T illiet 
or ot.her ('oHsidcr:d i()l!:~, 

D, Airp01t Dra;.n,,;;,' 

'fhl' jll'oLicl\) (11' 
\;ntJ'K to t.Jud of 

dr~\iil:l(~'<.' fac!]llic .. \ kl}' 

110\,,'1.'\'Cl') iH:('<llliW 

Tilp.~:c, {l" \\cH :\s nll otl)cl' ln}i~"i n·f.crrt'\\ to h ('1"\'111 , rH't: ilvnUllll!" frun t di\: 
Supcrillt('!j'! 'ld nf J),h'\11il('Jd'~, (T !llr-nt Prinl. Off/h', \\"a.'~}lillf':.ion :!;-}. J),C. 

. l N'lun!>('j'", in P:il'1..'lIthcs("s )'ef\\j' t(! ~'nr!i"'"~~lOi)(ij1},u, in th(' Ht'f('r('n(l.'.'~ ,''i} tIll' t.'lh] nf 
ihi" ,;"etion, 



l., :1. I', Il! 



'rhe in.i1ial Ul CUllditlOllS t(; \',ol'ttrol1)l(~ i\<'.c, \\-idcf) 

t.hu~~ rc.dudng 'Tli]i:; Ll' ;JCi'On1l)lisl1C(1 
Su)'f:H~e wii.le)' befol'{; ii IS aUo\\'(;d tu erd(:}' tLe ~;nhl,~rHd,c;.. 'I'fIl' ,TY10U;S 

\ynt(~r el)) fur1hcr he' rcduccd ::.; \.1,1: cL l.t~ Jo\\'u' th(: hate!' 
pZ':)-\"j{;\!;-J suhbHbC :'lod b) u~jj)l~ ~'in))i~j';l,dl~ 

h)\v' HJuonni : \'ulu1l:clrjc; oi f.;oil.sI 
the efIcels of fl'ost nct.iorl und thc like :))'{' }'\l'cF:.vnted in ll:Jlii'C: dct:tI.l in g('(,~). '!:), 

insi.nllnt Ull l be o.0(~d \ l1pn1\ thc\ l.',:,ndi· 
con{.I'pl ur CCdTC.('t" rCCOl'1l.:11f:,nd:ttJn!):,; for 

vanous tYPCB (;a.:n hn f01Jnd in a.nd in OU1U' puhJil,'il1 il))}S li;3tc(.l in 
thc RcfcrerWCfJ HH' 

a orL<~tJ he('o))J(':,~ n0.cc~';·.~):\,r'v 1 (, r{>l (',I 
fo!~ fl, fO'Hh't'iJ.y or ;'Ul ni!'.port: ()f{ 

(~li:n.lin}l1,ed rl..\lo~:1t 

iJlve~hg,n:Unll~; 
Hin i:d~),ucl U!'(' X11;ty 

deereBfY:', in jnii.i::d I d' 
hnd por;,qilJJe futul'(I t'(};3-t. ;~:1\()\)}(! 

(Jjoi(',«" AhKI J con 
nntul'(.d \vai,('l' 

'Yhf'Te ha:'3 heen 

\./id.u\f:~ HH;j'u Ull j'U!'li; 

JiHing~> \\'ill feL:: 
th0 nc\r cll!l!Jlwl. ~Hl.(l nt the: 

pj'(\1-.)t'i!l. 

ii, 

r.rhe rel(ll :111()!l of ,'h:·;Llli-,l'-,; )'equ\]'(\:< ~l l!ydr()}\~),,;j(' :\.l\~: h>'dr;',\l\'i(' ~l.)J~dy.'~ir:, F,inllJu.r tu 
thai. )'eqllircd ftd' b)'idf.~.(: {illd ('uh'(!r!.. df,,'-)lf-J)). 

f~trq('t.\l.l'C l;; pi'n)'lCrl,Y luudc} Ul(']'(; \\'i11 be EtUi: 
\\,]l(!JT. ()J(' i::'lnl('t,tl!T jlr::df nUlrlOt. be ade,

d( ";:l';n s!Juuld jifovidt: ;uJdidolinI 

\YhCl)('vcl' ndvc·rt",; shouJd bl..': deL::igiH'd or d,;r,(~h;l v •. \1()eiti()~1 wILhiD ,;I. 

r:Hlf~e nLd not. f';l~unr i.l 1(: cL::!'!l'td ::1.1 1 be: outli't. :Thc; f·;:·unt\ p)'ioc.Jpll\ hohb JO\' 
eh~i'lln(']s nnd dd·(·'J,·\.'~), \\'})C])C'\'C)' th(: Lydr,luL(' d('Sl;lJl jJenniu:;) the Lc,'~~ pru\..cctioiJ i~; 
to fl h:{ll:l1 lon U):·!1; \vin lh)l ]J.! ncln('(\ i)(·,OU)'.l))g \T]o{:iti.i's; hnW(\/Cl'r in )'J):l;n~y C-Hse:3 

the \'cIucltiu·.; C<llJllOl he contl'ollcd ill -Ch.;: l!;,10il-!;)) :ind n,d~lit.i())){'JJ pro{ecLivc lncasure.i.; 
bC{,\i!! t (: n ('-('e.:';~;~lrs ' 

fJ'hc (if tJ10\1](.l1.'r~", ,d\d ;~l(lpc~; fn)\jl rU)l()fY JI'u~n tLe' rO;UI\VHY r~\jl'f;L(:(' gboofd 
nlso j'w. .iH jlljllcl Jn the c!('Sigll ,c.:!':lgC, ) ('oJkc:tiun and did,j'.i)JlitidlJ pr thc 
f:lurfnte \\'~1t(T eHO l.H:oiccf (llP~.)f; indl{':t1,(lf:: Lh;~i 
eOIld it iOll~'; fl re pr(\~';l1()j) L

J 
'J"\hu',~c ' 

I))'ovidlng;'3. dJn.illl(>l 'pl'oyiditl{"; dit;;L ('hC'('I,:~~) nnd 
{d, cuh ~',d, /\ddii ~Oll:'d lnlOl'ln:l L!O!j Oi! Fr,};')\1l1J rv 
on df'> "i in tJjj; ;';,'t ~j(ln, ;~nd spc('ijjc: {n:atlJl(;l,t,t; i;j'(~ (li('(;u:~:;iun of the 
ot.h(: 1}~1g(' Hecs" 1·1 :}'!; i'llie! 



lf. nyn, OLOGJC ANALYSJS 

i IH' ;:~(:i(~llCC tl!:l L dc':ds \i"jn) thc: Pl\)c( ,';;';('.\: 
("\11' \\;11{'1 T(';~Ollf('(\~:) (Jf tL(; !<.tild U t'C,'l ,') of 

(n:\:U}'l'C)l('{' :I.lJd ll!()\'( ill\:llt uf \\'ai~~r npOll Hnd l}{.\.U(,~lt,h UJ(: 
i.': ur 1l1.Jliost ('{)1lU'l'Jl tf) eJ1i,;iJ]('{'l's. 1\ i l!OI'OllgL Ll,'(,,,hlH.'.ut 

t1\C t'('Uj)(: (Jf tlJL1 L l'('ful'(,JlC('1i Hrc g;\'(~Jl :dt U)(" elld uf 

h()Jll\' of t1J(; l):l~.~ic {'l\'))l\~lli;.; of' \Vit.!! w}lic.:ll tll(; d)'aill;!F:<~ lllW·;L (kil! 
;'1'(' tlwsC' Liiiifitll :\lld ()f p:\l'li<:\lhr COIII:(,)'1\ ilr" )'"lidioJhhip:i 

dY und i11(' f J ('qU('l1CY :llld illt(\lir-;i(iC'~; of tll(~ j'nlnLdl j)I'OdUt'l!lf: 

iJLk, 
T! llll'('(' 

und Lho~·~t~ PCr(;tiliJlli\ to 'lhC' 
bc'l W('(:!l j":tl11: ·ill ~lljd 

Ij ror nii>~ j'{~Ldinil,"dlip lll\'oh'{';·; 11l!IJ1Y 

t'u!:dit t.1\:11. i\j'{! not dil'{'('i 1,\: Ji\(';'I,<;\lj', 

{\{'\'\lJT{')j('\' of ruinf:lll. h:t:·'/'d Uli )J~t:d (('I'ord:-" 

f'HJHblJl.cnt:d.l<l hydT'(!liJ~\il', pr()J)\(~ll!;~ 

a IJPrio\C 0:- iCllly c\) 

;lndut.hcl'i.;l!aVf:CO),il1iL,d:il:i JLj'('l'!()!] !{'c(liduf ;linJ:ilI111 :\Jld jl;\ 

,\'··fi'I'( 

l::!ij(J)(\";r!l' 

ti(~;~. Fl'oJlI Ul(\;)(' l'{:('ord;; nl.!lil\;,:'! uf p\l);li('~d.ioll.'\ of LllnLill"]1 
1I1(),:,[· ut' \\"llicll ,~!I(~ fil)' ;ll;\i(:;~. fJ()\\'(;\'('J') 

el,,' (I 'lIt ,,!: 

\\' (',\ -: \ 

iJlt(,. 

(J)' 11} if:.; 
in ('OlJlpl!tin!!; Slll'.]l (:\)i \'C:'; );-; 

B, Jhmoff 

portion of 

of fh.)\\·jng \\'Ht<,'l' :lJld 
cd.re:.unH, 'rh is portion i~-; 
the lLf~. Ccological HUl'vey 
vaJ'iow; lor;ntiollf»), 

rrhcrc ar<~ a, Hl..UnLlcJ' 

on(:~) [1)'(; 

n.Ilt(',{~edf~ld, l!l()l:·.-:lUl'l' 

of the to tid J'ili n fnl J 

:1,'\ rnil\) fro/'{)I! (,Il))! O)' [;!ifJ\\: i,c.; reCu!'lIV'; \<r 
{r~!J~:.;plr:ltioll} (tlld ,')(Jllln iniilt 

(!()\L) 0\'('1' (be witL ii tlJll' 
iJ\('l'\,:\;~jl!)I) 1.0 lfJ:do" 

,\(1//0('1.' (uno,Lf' (or j,,) (';dl:'d 
:tIJd (Jtll('j' :!/(\11<:;('.< nint. n:('())"(l t.!i(; d:d:1. i'i. 

[dl j!lfh(\~!H'(~ surf';'iI'C l'l\unfT. Hr)l)]{\ of tLc ))){"I)"i' 

tJH: ?))'(':I) l:tlld \1:-;(":, ,! 
(~nu:t. UP0}l the ;\llliJU)j 

for {\ E;pccj(i{: :Jl'(!:t r::dc id \\'lli(:h r~litl C:,;1 L" 
\':.tr)('s 1\'it·L thc ('oll(.ljliplJS of U1P rainfal1 nnd UH' ~tl11,(\('r'ik))' 

.'1 ,')10],Jll of 1'()jl:·.,idC')';lblc dur:tt,iof), t!1I.~ )';11(\ of illfiJ( iii' 

)\I\C:':: Ju'se!') and r(;lJ):\llIS C'O!i<t;i;l: 

",ily 1"1'1 il l\ df('c(, in (h,! I il l" ,r{ 

nn 0iJ 11'1,\lll to Clll,'f' the: f\l'OU11d Wl]{'ll 1':(in1':1]1 j:~ (i' 

illt(~II",ijy and dIod <!"J'lll;,,:' ,,; iJliI!M'Ji) i" li:,;ltiN hill \\iil, il I, 
dUl'ntio!), 

Fronl thc: ur r:ll11f:t!I'Jl!!l(d't' ch:\r:t(·{!:ri::·:: illfiHr:lt,iuil n'p),(,~('il; 
ter!llcCiOll in UJ(' p,,'"'('I1(:lgl: of i),,, ;,,:,d ion [,dilli;'; ()il " drl\i"'''i'J' nl'(';) ii;, 
GOlJil'ihu(,s t(J tLe :'III'h('(, )'),111(;/'1' wLid, areii jll'lldll('(,;" 

Surfncc ),U!lf\:'~' i:_; tll:lt jon c/ '!'(; t{d .. :d ion relu:d\~\u;\ ~d't('r ill;) !el-': 
have h(~cll dc:duc\l'd, j('rs tL~d n~, surLii'!.' nlll(l{'f} pl\l:~ t11,' ;;u)) 
rtJ.!lof!' ('nit'ring n fl()\\' cll:null'll ('(JYl::il1.11l(' (Ji(' iot:d q\!:lldiiy tJi;lL jiJ\i:';{ l)" ;Il'('(l;j)); l, 

dalvd h;/ ;"t';',:LruClUl'(: du]'jn~~ ~\ 1)('1'10..3 of r~l;.llr;t!\. ]I()\\l.'\'('1'} ihi-' prt);-!\(l);"\ iii UtI' d" .. ,_ 
of drninng(' }-;t.J'U('f.HJ'~',:~ j,c; noj lJlllCl! CUl)('C'l'J]('<! witll {!le tot.'\l ,inU)\!llf. of \y~dl_'!, \f) 

HeCOrlldl()~ht('d t!;~ witl! Ulf.' pl,:d, I':d.(' Hl- \\'1.:('[1 ii 1lIH,';L be L.'lndli·,L l)r;lilJ:lr~\-' ,,;~. 
ture;) ll"lll:',{. Le d(';-)il',llt"'d lO (':lrn' ro!(s (Jf ru!\o(r (/)('nk >:vjjj Pi' 1;' 

dund'ion of n.l)(\~lk )'~d(' )HJj' t !tv ' \\I\l(\tlid or rnlloj'f i~; of :\ny {j(.:iU:1 CI);j('('cn 11\ dl'lf': 

rninlng the n~(pljH'\J \\','tlCl'\\':l,) (i;){'l\ill;l, 



Ii '( 

A I.luxnber of lucfhuds 
than oU l l'l';:; , 1'Lc 
Gclcd the (HIC wl,jch 
rnfn(~.nlbcr!2"d i Ilat. l'U)\{JC" 

n.')('d in (,:--,;!ill :(flllV~ r\1Pofl ,t;on!(~ of \'.hi('Jl hfl\'e rnore. nH'rit 
:;b\"}ldd l1.11d(TSi:1 nd tlil' ef (':.tel! lilCthod 
:~ui{:lhle :01' I.,~:rti(~uhj' ;·;;tu;lLlOll. Jr. IHn~)t ill\\';1'y~5 be 

)I)'i Ji(~hl.\ni~ fdr Ulf' fuhU'(1 i'd'I' Stlbjh..:t to t.Il\" ltn\'~) of chan(·(l 

the (jf 

t.fhe lllO.'·;t l'eIi:d dr:> bn ,:l:s rur ((l'j nl1\Orf' Ldiin a r:\\-PU d)';\lll:1U;t"' :1~"\~n l?r n long" 

tCl'm id;'. 
gauf!;ed 
n,(;on!s 

thc Ccol():~il'(\l. 
an' :1vnihhl(\ U(~'i\UL11 th 

~';l !'lh~(Hj'r; ;~C'Id().ln fnlL'.~ 
}lOt n\'c!) uJ:J il rC,!lilJ 

sOl"lluwh:tt, Jinii1c;d 10 thc hrg{~l' 
I~d.l't'arlls 11a\'1j)p; kl:-w r·bilH inik.') o{ 

Et Pl'o~~J';nn hJt g:Hlging .';l)l:dl wrd 
dn tn are }y(\·\.lnli.ng ;n:n.f):l/)J(;, 

of Mtfe~un~)' ~1r(' hC;~L" 
uf tl;",,(' !()Il!.(--t",:" 

dctaikd dh~eUf~S;()n of -LI1C 
t;t.l'\u'turc:; j'f; too lel!L~t.l):v' 
gnhjf>c1. ba:.s been 

m. A t'llol'ongh 
in i hl' F!'(I('(cdiIlU.s of t.hc Hii.dl.\"';I . .y llc'I'I',u'ch 

Board (D). 

to rn;) r~e nny 
'.vltlch JHlghi. hav'n flJf'ccl,cd. ; ... )tagc···di~)~ 

n(Jl be apP~li'(I.n{·- - ~;\H'JI rnd.on~ n;:; C:'\C/)i::~~;\'e drift?, itnd .lee jn.JH8) 

nLul Hl?) ny (j1.!}{'ri:~, 

tl.H: cnvinn(~( rdlo\dd ettrc:fuIJ:r n,nal:r?,C the e:>;'JsLlng 
ei.nlc1 \ )fC and el \<1nn(\l, Sli'P j 

nnd ;~l()p(~ uf 
bcl{;\\' tl1C' ilnd c]lnnnc'l cO.lHlit.ioll:": 

lHf:thodf; fur 
tlw 

E. Analyds of tbe N"t":tUfn.i. (:h,rUJf! 1.'1 

~";\ )'l)d.:nn).;; i'd'C ~tY~l.iJ:th.k} the 810})(\ aren lrwll'(ji!: b:t8e.d on l\1:aniiing's 
il nl(~~nH\ of {'.'~Jil\J)\.finr:~ t,be di:)('h:lr~,\t: for a ~;t..)'ea,n.). nL 

tIds rJjcL1nd .il tJ('C(,;;:l;ary tu th:Lenninn U)(.~ 8101H.~ of 
for:rn for il ::<cll:cU'.d reneb of Lhe ehnnn.el neiH' 

(10nc ) lY eUIl:j.rueUng ;1. of 
of the eh;:.J)ue)r C'>:{enr.lt, fnl' gUIHC di~)Lulcc fnHH 

Irhc funnula .lS then u,',;ed t~l cO', 'C' UH> di.schgjrg:e for f;r\,v(:rnI fu'eas} 

nonllall;y' t~d.\('n at. fJ)'('<lJ:','S il! t.he ',,':d.(:l" nrolih;, 
'l'hc lon):,1 h and hcni.ioq of t :'el! r;l'k~:.tcd. nh"uJr.! ]", lJ:ti;cd 

aCGurncy uf 1.1,(; iligl:·\\·,d.;:r )])::1'1;" nnd the 
tflU."t!lUty, A II';r;~'l,L of ?OO f t j.') gC·!.lf'I';'dly t.hc 
tl()lllo~:seH are COlnpuLcd .frunt c;·~tirn[d.c~) of .t."hc cfJ:lnncl 

Irh(~ J.lH,thod i:> 1)('.;,!l H:ll;lhl<; 
osed to .its Jll:lx.inHn)l effec~ !;\overil.l are lnn .. ndn.torv: 

L Cnl'o nn!~.;t bn ex{\rcls(;d 1.n sdcctjnl/~ the lJarL!('ub.i' eillvnJ)(\l rt~;I(:h to he uS0.d n~~ thc 
in thC', (;i.l1<:t!htion~J, IThc sJraJp,idl'st lind lllOSt, unifonn l'(':1ch )11 Ule vieinity 
-und Olle: tb~t>t. is, e!.)lltu.H~tinp~· [jhould. be fwleet.cd, An ad..iusL .. 

)1"'Il(, lllW'!. Il() mild" i (I c](')I'l'lll.;fl(; ill t.]w :l('(,uill i3f.rudllre sitc when eithcr 
ahovc or beJo\\' Ul(: rt·:)(;h i"wlc:l;.trd, l1'his k t.he di;sch:ll'gn'obtH;!H~d 
fot UJ(\. pr{)t.oLY'J)(~ U~~!(')1 l tho "L\\"o"t11jrds p{ t.he dndnn..gc nl'c~" at thc 
strueLul'c sitl,: to eLe dl';! ;.!t(l~L at, UlI:- iM'l neJ c:d. l'e:t.ch. 

2, I'l'he Jdgh-·wn.tm' nutr1\H ~>1iould. he ;.;(,j(,c1 i'd for ('lear dcGnihon and high H:lin,hilit:y) 
prdcl'nlJlyat wll<,re Ydociiic:s Hr" nol 

:3, ']'1'1(: :;elcef(;c\ ,JlOnld huve 1'nlrll' ;;' 
tate (Il(' :;e!<>(;iion hd"!'. . 

~r.h<; r~~ach the ~j.\·<"'t,,;:p n:n~:t nnd \\"cth:d Cjtn he deh.:r" 
inined nlld the H cmnpld.wl. From t.he profik higIHvn.i.c1" lJ))l1'b; ti,l; 

dl c;ln be C()wj)\lt.cd rmeJ (;!Ul ))(' n:;sillill,d tu hl; the B,lIli" 

'rllf~ value cd {l, i:":, se!ceted fru)!) Ld.>}es of r(nq!)Hj(:~):--) ('nenJ': 



In the !in)(, 

nnd sever:t\ ~~n\P'('C;, 
J':1\o\\'.I1 J,lid u~('d 

JJriSCCl!Uili'OUS 

U.S. 
uLilize 

Hl q\lc~~Lion i,-.) ~l!l nppt'\::'i:~b:t' 

plIlJ!icatioll ["r ti,,' 
tinndiir\:':' fr!);!) \(1(':\\\:,' 
\l(\tLod>; (Il 
b(,(,1I 1l). 

fro)}"! 

"p!!rl)\ i· 

"j f;'i'iCi':/l 

hy 11,( 

~ ~: i ) , ! 

pr:\\'t ic:d to \!~:!~ frVrj'iH'iH y Il:];' 

i,llp;,w h'orn d:\ i:l :i ( l(lt:~l J ~,;i:11 io:\:·;, 
1:1. )l\ln1!J':')' (jr J1f(:jJ.jod.') h:l\t' 

18 ilC'C, ... · 

fall ilie' 

!});ld(\ {.o ~'~I:lc('j ;1 IJUll1lTiCnl \'alne ro)' r;llltf:dl ijlt('li~.{i(y il 
~lO ;"p')"i',,, ni.;l dl/l'i/[;'OJi:" (n' k'lli~t!\!if \';til\f'~t!J P.C a ;_~i\'(~!l jtdCli;.:;ity, Sl!l('{' raln 

\'~lri(\~~ with th(~ (;tl\;t,tio\). 

C)llC (Jf. h~lsk [u·)::.;u(npt;u;J:~ 

will be. of ~l duration gI't\;d 
""w:l~,er,shcd ,:inndi n 11<cOU'\'y from. 

of the· r~1Hd:ljl IId(,J1~":lt.y r:(\[i,;('l(~d 
wa j,er in 1 lic 

'r'he "t iln(~ of C'onc.cntl':d.lon. 1i t 
f1'01.n the Hl0.~;t )'erno! (: ' 
c.lW.llllC] ('u, hr; 
in 

il f;lll:faU, ni/H.,:'!' HH'Chnd !.h~d t.hr: dt·,'·~ij!)) ~~tliJ'i!l 
~llio\\' \\"<\1(')' t.o hc~ ~J!'rivin[.\ nt OH' out.!cC of t.he 

oi' ltji' d!'ajpi\~\C area. rrho )!llll)n'«llfJ dur;\.t,io)l 
dlPllld l,C" '(iF' Llnli:. iL taI\c:i fur t)j(~ LUUH:l'!lHHi 

tl1('. 0t),U~:1.\ll'{, }·:it<~J u~31I:dly nJ'crrcd 1,0 a~\ f.illlt\ of 
i11(: n.(cn w',i.n nor !u"vP Gnnt.libl.l.icd to Ole l.H'aL: flu\\' 

i:l!t: \';nl~~ ;n1.c)'\':il J'nquiJ'{~cl for '\VH.L<.'l' to flo\\' 
'-!\lw (.Jni(: (d' I!O\'," in nH~ 

l Lltld f30))10 d:l (,:1. <lre i1\':tib.1.dc 
~.hlH;. F()('lJ"lll!;/).) nnd elwrL~ fot' 

(J f) - Hi), ,'~OfH(; of \v}\icll nr() 



~fh{: :·'elcclluu {If frcqucncy for i-Le stOl "01 il::: t.o be b:u::;ud is 
idcnt)f·;i! '\\ if JJ t Ile f: inn u1 in /trL rtf. rrtl(' 
t.able.;,~ l!H'ludt'd jj('!'eili ert/hk guidn in thi~; 
\-vit]! indJYiduHl SitU:iLioi.'1:;~ Ld~lng pn:C('dc:1Wt; ~l('(:().l'diIlC: 1.0 -thc: rLd~' of CCOlJOP'i.\C ]O:~8 
dHnl~\ gy 111\'01 Yi'd, 

'1\\'0 lD.(,thod:::: or <:\1'11 1U:1t ';n~) 
bG di~_:!'u":>(;d in the fullowili;{ 
oiJWf' ft u5~uJlJrnijonnl" 

Ha;~.ed on a (Iirc(~t rebtinn:,Lill 
and 

nd.loj}n.I funnuhL u})cd 
) 2?) e it, rc;st.;:") OJ) t.he gn,Xlle 

sJjol.dd he taI,;cu to Jilnii.. ifr; U:',(' , 
in ;:\(1))(; jusbJnce:;: and uf 

citJJ(',f thc:, cJ'f<,(,,t 

t!H\ 

eil) l .! Jrodu\:(' ('.;': ~lgg('l';1. t·cd ['l[XlOrr 'I/n.! U C·! even 
]la'\"'(' I.A~(~n U:)<",11, Cc~nsid.e)', 

'Till: !)l('l')Hld) th(,(C'[{)l'e; 

\\'{.l\l!d inerc(lt·;e 
:;,fi l n,l !e i huilt, il 

i il!,"; )I\('i.hod ~3j;(ju;d cUllJ.1Jled (o ~lrC;l;'~ 

(HdY f.{) J;J;J.!l':!li 
fruJil :;llni1: l' to r\ 

'/ 

hu~~cd np<'p studie,,; {',{)ndl.H'.t,'d hy t.he '(LfL 
CUJl;,;cl'v;dion S(:r\"jn~ ~!nd ,ld:!)JLcd to !lii.1Jl\V:t,:/ 

(If th{~ Buren\) (Ir PitLlic' HU;l.d~ C~!·l, >~:)). Il i'('conlnlend('~d 
lH: Ifl"JliU:.d to \\'ntt)j';';J!{;{L~; .'·:ln~dl(~r Uun J.JH)O ncJ'(~(, :1,nd to 

\Yc:;[crJl C;nited 
Hut 'Gc'C;lH,' (, of Ult~ widz" \':l!'!:.t1 ilJl) oj' thu ntn()if·(~o">(}\\.'.l(", \. 

eonditi0H;\ of the: \\':1 Hl. the 1 inln (liC ont) o('.C'lir;'L 

'~r.hc eIJ.eVi: give~; pe:tl.( r:t{(I>', of nl!'ti)!T {l';~(\ }J):l)' b(~ (~xpl"l:i(:(l tu he 
on L1H~ n\'\~rng{~ of onet' il; .\;\\LH';~i n!) }i)I:..:cd .. (:()"n.))' ;·iP:~'i('.'ldltlr:tl \\'i! 

Bor:l.ion of Lh" Gnilccl ;'~I"L':: :\ltd in Iuc:dili"s wh,'"c 'Il", Llinf:di h<:\.c\r J 
the (',1 f:~.c~ (~LS ll.~(: C:.l n'l'> C;l n. be ~Hlj u:;f cd fo)' oj h(\r c(;ltdi j jons or rilin Ldl {' fi:~, 

Ui';(:\ HoHO {k~;)1t~ll In:;p.lt,\neH::-,; ~l:-s :,)!J.own in f,hi) taLL' :~nd (~:\:lInpJ(' in Fip:, 

thiS Cllrvc: is b""(,,d 011 J!!rCi111I' fJOI\' 

!'l\Jeh dni:J. whcn Rvailahlc: f 01' :.t particu),,/' "ii,<:, 
,vatersh(~ds are not extensive (:nough t.o fU!'IJi.:-:dl 

in nrkl n.s in hwnid regioll.'," 

dntn, il, "l!:Jldd ))ot he sllb,;t.ituln! f,:>r 
ib; record;) of runof'f frO~f1 slll;r!:('r 
that the S:.lHl(; ernpjrical r'd:tti()ll~ 

of sorne of Ull' Lcl.Ol'ii ;1n, tentative nod !illlJj(,e( to 
results sIlonId bo llSCc! wit.h (\nutioJl 

"oj! tYP(>1 ha ve, J)('('ll 

gJaci2ttr~d ::;~lHd0tone and 
pro!.>]cill:, within t),o,,,.' 

Actu::,Jl)'. tlw formula iH not. dirnell~;i(Hlan.v (;(HTC(~t, (":qn:l,tinj!: 1 in. 
eu f t :-:d;, 'fl\{' ('rTor i~j \\"iC1dll O,g C(~llt of Lhe nHtll 1 '1'i('r:t.I f(':-H1H,i1\ 

1:w ,j.S r:Ol'ree"L (or all 



cEstrihn:\ ed 
the rn[c:l:'foftC(; 

f'r(!<!IJC}tG,Y', Yl ') l' ~ 
Ftte!Ol"., . 

) 

IL 

11,1; 

i (:T\n" 

iJ . ~) !;.;" 

JfIi, 
lllnd 810./)u; 



t 

l 

Gelds. 

take· 

Lo H· 

XXI, \\'n1 1 

J I;;jt';, !Ir 

o 

L j 

nr ihc Uppl'f :''<011 hClri;.;~onl in tbc 
}l1)d nr i1)(rt'a~:cd 

to (if 

Hl Tuhle In of 

t l(' "jn'ucvf~>~ (:1' illrili.rntion.\ 
i'run.l n(hcl.' ~"tcC'nt. nl'ea~, 

or the ninL.iil on the 
JnnHT\lLiol1 t ur HJny be 

n gC\1crnl .fl.UChl:d lug \.\'utcr tnhlc, 

( 



Hl ::::) 

:12 /\(;1:1 

(o whj('h :.mh·· 

n, mi\tJ,,!' of eoniro·, 

frOli"l thc r('~ilm of 
p:;)", 

of 

.F\f{i, L l)HAIJ~-ACl~; r"\jJ")(()"Vl,;:"'\LST OJt' E::'1'. T,(H.lib 

1vJu l'ncJ F,;\'L A:1HPOH'l' (1'.),\ ~'.'l.m':H'!' "r<tFLD) 

8urface 

c);,tcnt to the 

M,Hny of the carJiC'1' fkrd~; '\'('re. with nf ,;ud] 
pipc, whieh in SODW cm:cs r(,;:;11](~'3 ~;nti;;· 

filctol'Y. The prinoipal dcl,riulcntn.l \'ffed, of :;ud) iWibllatiolJ~;wn.s Hle 
concurrent as'sumpUo!l thni, 
waLer draillage Ulmec('c.;i'!l.ry. 

l'Cll<]c)'(,d rens' cOlH,jclprahle Hlda(:c 
are wdl nwn,y 

from the id.en that Gurfacc, dmiml,f';c; 
sidcl'll,blo parL by jl, ~:oil bl SU1HJ;P'LlcC dr:lillii, 

suh .. surfaec drainnge l1ccd be und :d ways s!;ou Id he eO)1" jclcrcd in 
connection ·wit.h sitc ::dcction, 'nlc Ec)C'dill)i ~,i{c nf 
watel' .. loggec1 or SWHlllPY' laml, whiclt ,I(}idd 
sub .. drains to rO\vc~r the waCur \\oule! un]es,~, 
it wem fcasib!e to filJ on) it to a ('ml.s',(lci"lble dc:pLh. IL j,; 

rare to lind any of the s(,leCUOil of ~l "ite tlJ:1L \\'uu!cl 
require c()ll1plde sub··m.u'face Lo fl, ,"table surface ; 
consequent.ly! sub-dra for (he jlUI-pn:,C ul (he watcr f..n,ble 
will generglly be earriecl oul: w!w]'c nc:cded for bomc 211l:\Jl Jlor" 
Cion of an otherwise area" 



"'oj) 

.rno:oL 

abont 

ca" 
tZ) 

the, [OIV 

(lut Uw 
rdUI aJI tr(;ne!JCc: with 

HctC([ to ]ol\'eX' Uw 
the of 

al~o 

and a 10\\' 

rnlni'rtll 
any cOf);,:idernblc 

arnount of \vnter \\'blch ('an bel l'C];l,()\"cd Tt )~) 

Iurtlwr tl'UC for such GUlL thrll il j;;, diOicuIL to fr'iJiO\'C frcl' \\,;,1('1' (rOll) 

\viLhoul. ,,,Oil)(;!J U)p ,;ui] (o c' cape iDlo nu' dnl )1)". 

At. the oiJler eXiTt'lY1C of Ute ~~(J1·1 ned ~:~oiL.~ 

will hgve n 
is IJ. reI1Go'O,l,bltc dis I ance lwh)\\' UH' 
to it and thc Id t))l(!crdrai\l~ wOllld adri JiUle i,o thc 

'\Vit,h such boiL no "ntb·surfn,cc: would be 
unlcS8 (l i' the 
af, il bel,)w Uw :"urfaee. 





f:3t,i.j(fa('.(~ Lo ~111 av(~rng(; 

silL 7 to 1[; 
feeL in fine ~iand () r Du f('C'(, or 
morc , 'I'hr, nonmlJ w:d,cl' 'Ln,L,J.c l~'i hl One s:md at Ynun tr, 
to 30 feet. below the ;'lll'foee. Jnfiltronw[:c:' s!udicswcrc: 111:1([(; of tJlis 
8011 Hnd :~hu\rc(~ H'H:un infiUnl"Cion 
during' the finit hz)ur of to LtVcrap;c 
Continuation of runs iudicatc·d L],;I.L, arter :2 Clr ;l 

iuflltnJ,t,'d, the to an [lvcl'agc, 
value of 
rate of 

indicated, 
drainagn 
surfttce \'i'llteJ\ 

indl per hOlH', 'fhi" lnHc.i' rare indicntcd the 
in the n hori7on. Thi:, pel'clllaLion ho\\"evcr, even 

n rat,c n,' \\'atcr could 
ih::\t the of 
rcel uee the :soi l rno ibturC 

Sillce UIC watm' tn,blr; v;a,:; fal' 
foI' Lhe: n:dlH:t.ion of it:~ levet w 1\S 

wns dcm that the 
Uw n~mo\'nJ of 



feet, of thc 

made of tl!e 
lac.l<'_ of rcaliza'Lio.n (}f the tllcc}lanies (..if 

translnissic!I1. :.[<'01' don; Hut OCClIl 

witbout 
vvater 

to 's1thin g, or 4 

Ol 
and tl'aJlsmitted 

oHm) nol, to Uw on ~l mnall. porm.!;, area, 



~ s,< 
''J 
~, 

~; /0 
'': 

nnd itl'Li fi cia! 

tL 
It wouJd f,Ci'1ll U!ni> 

soll on addi tional 
wag due in 

fine,,; but iLmny 
In F l.'cbJti \~\'at,CT tnLin. 

shown Hl 

infiltration 

n(}t fcn:-;;i;,}J(~ "Lo l(.~,:~\'c· t~1(:0(~ 

for infilt"nLic)j] pu1'po,.'(":') nnd (hc: 
.A ;';,ccond scrl(?:'~ of tesh:; \Yae rU.n on n.n nr(:[-l, 

\\'ith thc' ;·)an.d nnd gnl \"el J'n ahcnrl. 
·m;1Jin,.Liot) eu!'\'e ii) 

A bettet mdhod wouli( lJ" Lu )lInc'.,) ik Hill.! tup 

(il' thc mU.d nJollc, 
OI,TI' the ,':mil and 

From these resuH,,, Wit:' elc;u {hill onlS' il ;'illall p:n'j of thc ll'i.bn· 
su]'.fa.C(~ runoff COllld he: tnkcl} -in 

e,\/c:n if lefL ;~;l.(J that 
drain", 'ivoukl bIO l)('<:('"sar) :tnd \\mild : 

:O) ,:,1.('111 (lr Jl1jlC 

liU!" hi': in (':\(('1]1 tJWJl 



lH J'cduced "Lo a 
into tLe 
aho\'e 

from the 
a:ud 

thc' dvil 
on Ll,,: old 

tIll: nll b a;:·; a dirn(~nsiorl 



ridnls 

., 
nuu 

GeJd; il ;'lindt 
J\~\(~L IF'be a\"c:,~·tgt~ \v~~tcr lub1c ju. tbc 

Oi' very e!o:;c, to Uil: )n·, 

han' ulldpr 

of dis 
TllO'(', nUnldi ve 

;;pacc Jntd be('jj !illcd wiLl: 
porous sand up to tbc ::nlff~lc(:, l?orLv.tdc infl lb'ntnetcn.~, \\'en: nct up on 
the F~Htf.ld a:n.d \'[dneH \\'(~n~ 

Tht; a vcrage rC'iJulU; ltI' 

thercnftcL tllC":3C lo'l,\/cl' v·aJue~·) ocenrred. 
aJtcr a mounued water taiJh: !mr} been hu.ilL up around thc irililLronw· 

and tlw ride (k,lr;IJ\!fc 

the inmtrulcd Iva1:.N, an.d lJoL the 1,)'1)(; lllJilfrat.jnLi of' Uw :3:lw! 



surl.u(;e. 

tailled 

ditlon, 

'Tbc 

1 nl1 i Lj'aCl,Jl'i 

of (1,~.~Out 

wouid be f3US-

bl)t\.Cf\ 

con· 

thc 

be con·· 
" ntthcr than 

and that an 

and tI\(o 





ha'\/c lnndc ~norc dtJniJod studiCii ful' 
~~ho\\'n n l'ninfall cur\"c \\'hich \\'HS de~ 
f lowcvef, siIllilar, (mrves can 

\\'1th sufllClcnL accurL.lcy ffdJn anlPH elakt. IThese cUX\,'e~3 

follo\Ys; 
ar~ a\:rer~.lgc lnca.U raLe 

of raJftfaU of 2Ji5 inehc;:; per: ho ur nl!.t~y t() be 01' 

unee in 2 ycari); note t.hnt this l'ufer;:; 
tnkcs no ncc.ount of the actual r:ttcs 

oeeu1' wifhin the 30 rIlinuLes, 
In thcse studies it "vas found thai:. 

OCCUf" at 
nf 

fo:r ,1. GhorL 

ter nwan or f\ verage 
at vvhieh rain mny 

sOlnewllHt beforc thc iniddlc of tbc 
rainf~111 OCGU1'renee 113 :),'(1 

rnte of runorf 1113 ,:;))o\\,]) 

Almost every airncld will ON"""'"'''' 

(.New 

mm:e of yey of the <lite tjO tha'G emhanlnnentg n:wy he 

:1. Surface 'water fronl rainral1 or S110\V. 

2.water. 
into the 

waiers e1HI 'be removed in 
evaporation; pel'eolaiion 

nduetion. ° In ail'Hdd 
s:regardcd since, to have 
lter must be rentoved 
ne can be aHowcd 'Tor m,<,n",,,,"" 

not lIbsorbed alG 
1St bo ca:rried wlvay 
'olles or 

The soils mWJt h(o 
tlw vadou8 st.rata of 

Sl,](,," Il shallow 
\viU 

snrvey !llwuld he 
to' ' 

de·, 
Iollowlng: 

,waiIablo outlets for 
On this 

and iiprmm mnst bo dnnvn. SoH proHles, 
,').nd lnfmnw.tinl1 on h:iiHtratlon 

mast hl) avaUahle. 
d.ata OJ1 rainraU lHul sHO\vfaH 

from 



heeorne mled. YiliJl gm 
in ("old. ·\veathc.r~, J?e~f'fo' 

or without hitmnlJJous 

1110\ nL 

und 8pae
are gub·· 

the I;(:ope of thig book 
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