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3.0 RIVER DAM DESIGN 


To ease the Installation of the pipe arch culvert, the Neponset River will be clammed on 

the east side of the South Street bridge. This location was chosen because it was the 

site of a previous dam used to provide hydraulic power during the early part of the 

century. The abutments that remain from the original dam will be modified to provide 

the main support for the new dam. The dam will be a one-piece steel structure that will 

be lowered into place and rest against the abutments. 

It is not imperative that the pipe arch culvert be installed in absolute dry conditions; 

therefore, some seepage under the dam can be tolerated. This is fortunate since the 

rocky conditions of the river bottom would make it difficult to embed the dam at any 

length that would provide an adequate water-tight seal. However, to provide a sufficient 

water seal, a portion of the riverbed between the dam location and the South Street 

bridge will be excavated. An impermeable liner will be installed in the excavated area 

prior to the dam being positioned at the abutments. After the dam has been installed, 

the impermeable liner will be covered with backfill to provide a resisting force to the 

uplifting pore pressure. 
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Tk(L dtsihvy. l oo j iM.ll 4c. V ê. / . '^y VfV A ^ y //U-/ occu.r^ (x-f i ke 
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S-l'A Canonie 
By y ^  r Date <////^ Subject P̂ ŷ ê. / ^ ^ r / f yp f i r Sheet No._£_of _ Z ^ 

Chkd. By^H^Date (-^//^•:2_ ><^̂ />. A ^ ^ A^y Af^A^^r^ Proj. No. PA^^Jyp 

MA"r.MA' 

7^At A^Ay?py AA '̂Ay^A r̂* rA^-A^ ^ ^ ^  y ^ A^ypyp'^yA y^^y^^-^^^

a^y^s /S, yA^ y7y^y^y*y yf'r^'y ^^y^ "^ *^ r̂P-̂ **. ^ r ^ ^ .  e 

T A / J pi^-yA Atyyr ^ ^  ̂  ^^ .yA^A^ rA^ A:A^-ry ypp^'y'A p^^^ 

P'pprcA /y^px '̂̂ y ^ ^yA'^-yy^^ AA ' I CA'yjye^ y7^y* Â ry A^ 

yycp^.A^ rAt, / ' ^ '  A aA-cA^yyrr A^̂ ^ yA^ A'; Ay ^^- a^^-Ty*^^ 

•fA4if/ e^'fy-r yfii>/ry a-/^,*-,, AAc Sy '̂̂ ^^yyy'ery^ J^^^AU yA"̂  

/y,yfcy-	 ^ ^ y ^ r y £ , y , ^ A '  " ^ ' r ^ ' y A - ^ ^ r A r A y y A * y ^ y ^ A ^ . 

C^Ac^... /^J.^cy^'  ̂ A' ^A.^ rAp ^ ry* Axr ry/ A A 

/AAc J y - A ^ ^ r y^y^^y .y -^y "^ * a ' y ^ ^ " " ^ ^ ^ r y r X " ^ - * ^ x  

r A l U- A Aiy^ 'ZA '^ /d'^fy^'^^y A A ' - y ^ , A * ^  ̂ ^ Z - 2 o ) < ^ t ^ ^ y r 

^ ^ , A ^ y A y ^ y ^ : ^ ' ^ * ^  ̂  ^ -^^ d A ^ * - ' ^ ^ ^ ^^/-^^^ ^ y ^ y ^ y y 
/ - y ^ y 7^.-.-, y y ^ y / ^ - y ^ y ^"^^ y r y * A^r ^ ^ ^ j - ^ y=^yr7 ryrjr^yy 

At Ac>'\-̂  i 

/ ' e C ^ p y f ^ r < ' - ? y /  ̂  / ^ r r / y l y ^ y r * - , 

J	 A ? ^ dec /V*^". / 

'y~Ae AA^P^' A^^^A'^ ^ ' ' ^ a y y / i ^ y ^ y AP? / - P ' ^ P A A A C fAryyy^y/ 

ypc*A' pyr^c pApyf ' AA< ^ ^f/4«. /j^*r ay^A* 

^ - CAy ^ 



1>-'LS Canonie 
By PP7T Date </"/ /-2 Subject A P * ^  ' A j ^ ^ y A d^prt-^ Sheet No. P of / - ^ 

Chkd. By?i^<C^Date ^  / -^'^ /^^x»? A ^ ^ A r ^ ^ . ^ ^ .  ̂  p ĵ No. (^^A^-''- 

1/4" X 1/4" 

/ y ^ J ^ ^^/^^ ^^.'z y-^yr^ AP^^ A ' A A ^ - A ipA 

Ap //• c^yp'^yy^'^ TC-" " pA/^yyy- - 2  / ^ / ^ A / T - r r « ^ y 

A'^^'pAy^ r 

pp-AdA 

/ ^ .- y ^ y e f ^ / y * y y * ' » ^^yPt^t^'^ X , / > » ^ - < ^ / ' 

J%. ~ ^ ^ . y y » y / f y ^ A y " ^ ' ' ' ' * y , p ^ ' - A ' ^ 

7 A e c:?'Pf'>^ . y / yA'^ yAey^^>^rr P ^ ^ ^ ^ y ;i£5/^*/>. t ^ ' *?̂ .̂<? A^* / 

^ c A < > ^ y ^ y y ^ - y A y / f P ^ ^ y p * ,A *y^ ' > ^ ^ ^ - ' ycpy- ' iyyA^y / A y y c 

/ ^ ^ y > 7 y f y y ^ a y y ^ . 7 A f ^ y y / * ^ ^ ' - 7 ^ ^ ^ r A y p-^yy^^^-yc 

Ayy^Ayy U ^ ^ P / ^ y ^ A ' ^ ^^^yy^^ >- / A f p y p - r y ^ ' y p ^ y y y y < 

e ^ y * y y y r * y ^ T C ^  ̂  r e y t y  y y ^ e " A y ^ ' ' r i?y, y y  * y y 7 y y ^ y ? v ^ r 

/A '^ t - 'y . 7~Ae o A ^ y ^ r y ^ 

^ ^ ^  ̂  a A ^ ^ ^ y t , * . } r y A y y ^  r y ^ y ^ y ^ y U ^ ^ j ^ . ^ ^ y y ^ . ^ ^ ' ^ 

^  t ^ . A> S « ^ A , A A ^ ^ - r / ^ ^ ( T ^ y i y y A - p y i y y ^ c y ^ y ^ ^ ^ ^ X y 
r y y 7 r r T A  , y A y p - y ^ ^ y ^ r ^ y < r 7 " - ^ ^  x A ^ * y y , < y > - ^ y ' y y 

C ^ ^ ^ y ^ A r Pi J- ^ ^ ^sA y ^ A> - r / . y*7^\ 

• ^ ^ ' l A ' ^ 
j y  * / y ^ c a  f C c y ' p * ^ ^ ' ^ * y^ * ' ^ A^'^ AAyJ ^ / ' ^ y y > * y < ! 

/? y rrr AU * r € v y^y * , ^ A ^ y A^y Ac cP y ^ y A y y ^ y ^y ^ 
P " 

4 ^ A * ^ ^ c y y ^ A ^ y p A a  A ^ - C ^ ^ ^ A * ' ^ ? ' a ^ y y^y. y?P ' r y ' Jc YA f i 
^eAccp.. o  f f . A  ̂  A/iyy. 7~A"^ /p /-^ r^ytyryty^Ay^'r^ 

' k 

^>J / - A ' y r4.y^^ 



i> ^ b Canonie 
By pA? Z7 Date iA.^?A^z Subject { A y * < ' - A y * ' ' y A / r y y * - p Sheet No. A of / - 2 

Chkd. By ^ ^ ^ ^ Date Cr/ ' ' ' ^ ~ f j / y y ^ * p y . ' a f yOy*yo*y<- A^yr-* proj. No. ^ y j ^ J ' P P ' 


^ ^ A * * r 4 / > y y * y 
1/4" X 1/4" 

/e> to* y 
yfi,fi*<> 

APyyP**rt ^ f  r 

/ y p y / ^ ^ y r r t. y f y e ^ , , / ^  ̂  C o ^ y t y i y ^ / y y y t , i ^ y<. 

AA [ j - f y » A t i:> r^ .yr , ; . 

o A C f 

^ J - o o 2 y.f 

/ J l . ^ f O ^ j ,  i 

/  i : ioo / £ > . r 

j '  < ^ ^  o 3,s

A<^A^Pryy rc ' A A ^ P f ^ / ^ A^ ry^^y P y P ^ y : f ' *> ' • - / C y ^ y * r,<i y , ; y ^ / ,A r . 



Canonie 3 - ^ > 


By / i ^  ̂  Date ^A^Af^ Subject <^p*r i J ^ , . r / f p y e ^ r Sheet No. f of / -2

Chkd. Byl^J^Date ^ d . -• ̂  / ) ^ ^ A iP^r<^ / A ^ A f ^ , ^ Proj. No. A  f A J ? J - P ? 

1/4" X 1/4" 

AAt A^^A^A^ ^y^A^'y j ' A * ^ ^ /y. s^A.yAy r - ^ iT^-^ ^ ' ^^ 
X A A ' - T J ' a-?" «s 7^ ^ Z oP.P^ A * * . y y yf*>yy - ^ > ^ i ^ ' ^ y ^ ' y a> ^ 

6P, S~ P u ^ r f P y y ^ y 7̂ y? y e ^ ^ yy^ y , y A  t y  y y / ^ y y y - y ^ A y f X r ^ ^ y  A 

r A y * /  ' ~7~ye y A y - ^ f A , y y y , A Pi^^y e j r / r y y ^ y ŷ y> f  ̂  A^^ -yy ^ P y ^ ^ 

^ Ary>,t /y>cyey>,*Ay e> A ^ .  7 A y * / / y A^ *y <? y ^ y / ^ y f y y y ^ ' 

Ĉ  C a y - y ^ A e y t A ^ y A t y p y y A . AyAy^y^ y? _A y i p y y * " ^ ' ' ^ y A ' Ayy^ * 

p y ) r P * y > " y A ^ A A * C^Atfy^y- ^ / * y ' * " y ' y y A < , (t^>P A A ' ^ C A ^ ^ * i y » y t , y y . 

A yy e " y A ^ y y ^ e / y j c y y y ^ ' ^ y A A I p y y c A ' ^ f ' P^ ^ r c a Ar* A X'-yP 

Pi J 7 " / ^ Uf,/P ^ / y c y ^ y y ^ 1^4 y < . Ayyy^ A  A A ' A . y f ' / P P y>^ ̂  A y A ^ - f 

A y / > ^ ^ <P P ? y - y ^ y  y ^ ^ * / ^ « - / yy? p y f y : A ' r ^ y ^ y P / y , r y e yy^^/'y^ 

y r y y ^ y c A P ^ - ' y . A A * ^ y c A * y ^ t y j yfyyyyj y ^ -y y*3 C *'/<'/»>/» v / . 

A i>y ^ i f c y P ^ e c c y y f ^ r t / ^ / e y t y » y  y ^ Ad P ^ ^ ^ ^ - A ^ ^y^s / ^^ ' y 

J i y f P y yf^Ay' ty^yy^y P y y > y ^ y y A 4 y ^ y ^  ̂  < s ^ * ' < : X * ^ / ' a y t j ^ y , y / y ^ ' y ' ' ^ 

/ • A t ^ f y / y f P ^ y T ^ ^ y ' ' y ^ y A ' y i ^ y f / l i y y t ^ 



^ ' 1 - 2 Canonie 
By z ^ ^ " Date ^A^A^-^ Subject A^y^rr A y * . r A A r p r t ŷ  Sheet No. /  ̂  of /-^ 

Chkd. By^(IrlkDate <g/^ ^'^ ^ /^.^^^ At^^A^y ><^^X^^. . Proj. No. A A ^ P J ' /  7 

1/4" X 1/4" 

V '̂  X'^/'/' ' ^ A(y« / t  y ^ 4 t . y ^ , e c 

J ? * ' * yfc^y / * c A APy>^c / y j c r e ^ ^ ^ r TAC iy0Aity»>( ^ A / ' ^ / ^ ^ 
C y ? A c * y y < y P^ A^Aiyy^', y ^ ^ A A ^ ^ / ^ / - ^ ^ V ^ o  f y A r Aryy^y^y^^ 

^ A  y ^y^y^yry P^fy*-^ /^-*Z^'/ / / X ^ '  y A A  * / J y r ^ A ' y "  A Pf<rey>yy f J i T o J 

/ y , y A f y^yy*jr / y > c y ^ y ^ m P , 

yAe. ylPfryym'y /y^Any^c Hy»r P t ^ yrty y ^ ' yA AA's- ^ ^ / ^ / « ' P-^ 

/ c A A ' / y A  r y A t y t f ^^y / /y ,y y t A* pyfy>  Z ' ^ ' ^ ^ ^ y*7*y<:A 

y A i M A y ^ y ^ A * . T ^ t y^mpryyt '^y^ y ^ ^ y > ? y y y y ^^Ay,y^< 

Hy*y r * y ^ r - A P A f ^ C4, / r C / J ^ c Ay Jr J z - a y c ) , 7A/ r / J 

A A, c A ' ^ - y / 7 ' •y^/^y^y y*At A*y A A C /^^y^yty^y ^ y y ^ r y ^ . 

A^A^.y*'^ A ^ A ^ ^ ^ y A c ^ A ^ y , y ^ y y ^ ^ ' , 

CyA^y-P? A ye^yy^^y^r A A I C A*yj* / ^ j - y ' ^ y ^ y y p>y/^y^c ^ / 

•fA' PAAA"'*^'^*^ yAyAyt-yy, /y7 yy- ' - pyyAy^y^* yp^-y y ^ c y ^ ^ ^ ^ p 

A ^ a A t ' ^ ' y C^Ar^y*^ y r A y ^ y y A  ' c ^ ' ^ ' - y y ^ ^ ^ rA-^y^ j - ' ^y>y'>y^*. 

^ / - jAt e y y a A t ' i y A y-yy^e yyyyyry^f^p . 

A ^ i Ay> yy^ 'y j . y r p y * Pyr 

A A ' ye^P^yy7.A,yy y y y ^ y  ̂ ŷ  A A  A U ^ ^ A'y A ^ y * " " ' ' C ' * y r * y y y y M ^ 

a p ^ ^ ^ y ^ y ^ t y y x f y Aŷ  A y ^ T 7 V ^ / t P ^/^~A ^ i ^ ^ y ^ T ' ^ r y ^ y - ' " ^ 

A r * ^ yAt C A ^  t y*^^^ ~ S A a y o y y C ^P^ty<- ŷ ^X*yy*T yy, ,^ A^^y A'A*

y p y y ^ y^y^y?^ Pr^y*^ A^yy. T A C A^^rA Ayy*'/ ' y ^ y ^ ^ ' . 

y / y e A y ^ y y i ^ y y 

^ e r » p y * ^ c c A^*y//fnr^ A^*' ' ' ' ^*"* 

_2 ~~2> ~~AIAdT7 '[/̂ f,A,y^»^ A '̂*A jfA'̂ j 

J jpJPoo /^A J 
y j j j o o o //j>, 7 / 

r J ^ 7 ^ ^ ^ /CA.7 A 



3,-x^ Canonie 
By y y ? r Date AA^A^-^ Subject dAp-y<r( J y y . r A A / ' ^ r y p Sheet No. /  / of / - ^ 

Chkd. By'^JiiLDate ^^ / ' ' ^ ^*ry, ^ty^yyy y f ^ y ^ ^ r ^ Proj. No. A P ' A ^ J ' / 7 

1/4"X1/4" 

A i y r p r y J ^ ^ A ^ r A^yirA*^r<. 


^ y ^ p 7'At^ y - y ? ^ f r - ^ p * y A A ^ ^ ^ P ^ y y - ^ ^ < , r < ^ 


r A , A r y y y y > y * y ^ ^ A ^ y ^ . z ^ * ' ' / - / < ; a A y A A y y ^ y  y y 


y <ad^c A y ^ / ^ A y ^ p ^ ^ < Cy fpyp^y A y y w ^ y y y 

£ ? ^ f y AAp^^.y,^^ y A  y ^ y ^ y ^ .  A ^ y ^ r c f i c ^ - ^ y A ^ y A A y y 

y ^ A f ^ t y t A r y A - ' P ^ ^ r y P t ^ * t y ^ ^ y f ^ / ' y y y ' y ^ y r ^ y A y y y 

y^Ay^^y,^ .r^-A2. A^^ TAC A ' j y y * ^ AA^^y. 

C^A^y^-y^ f / i f p y ^ ' A ' ^ y A f . Pyy-ry^c r A y y ^ y Jy^A^^y Ay^ ^ ^ ^ y 

•!Pyy^\ y A ^  . A y P f ^ ' ' P ' ' J ^ » j ^  A A y y y f ^y-*^ y^y^yP ^ y ^ y y - f j 

2 5 ^ ^ C C y t y > " P < f A ' y A y A y " - P C ^ A * y * , y f P y f f y y y , y ^ y A A * . 

7 i . ^ £ ' A / ^ ^ r A A r ^ ^ A ^ r ^ r A y ^ y ^ A A C e A ^ ^ y ^ ' ^ - J A ^ y * j < 

Ceryt^K. . C c A ^ ^ ' ^ AiP y p y y ^ y i y r y y A t a / y p y , ^ y • * . - > ' / % > * 

y y f A t - A^y y A i yyy>7C /y,c/ry>,y^7- A^yy^ T A * e y ^ - y ^ ^ - * ' 

C>y^yAAK. c^^* ' '^ ypAAepy^y^ ' y ^•^ / ^ V "  ' A A P ' ^ ^  A 

<? / y A / /  c y A y y d A , C^y^y^y, / / y ^ y y ^ ' y ^ y r A y , 

J - / o y * / e y ^ A t , y » t y*y*,y*^yyP ^A^yyyy A y * yyy ' - r ^ ^ 'yc 

^  y y A e ypy.y-AAy., >^-"^ ' y-yy>"y w^V^^. ^ ^ / ^ ^ y » X .2 

J S ' y y ^ y y j y A ^ Ayy^^y ^Ayy*ye pyyAcy^t c ^ ^ y ^ A P y y A 

r ^ y y y y y y y y / j , y A  , C y - y d y * ^ i y ^ y ^ y ^ y A ^ ^ y ^ - ^ ^ " ^ ^ d A '^ "^ 

y A ' y?y yy.y^ - . y y y j y ^ y ^ j y Pyyy^y>^c (P'yAyyy^y, A A ' 

Ap 'Ay t . y , T'̂  ^ y y ^ y P f y j y y y ^ y / V / ^ y A A ^ r y A e iV^yAyy^y^^ 

/ ? / " yPAc / A y y * y » ' y y " ^ J - A y y * y ^ ^ ^ y ^ y ^  , / y , ^>/^>«».-> ^ 

y-t> / - A i . y t ^ y y * y y 4 , r A P ' ^  * ^ A f y ^ f -A^y,my r A ^ y ^ j c 

^ ^ / A ( , y ^ t . yy? A ' f y ^ y ^ y ^ A  ̂  , 



-b'h^ Canonie 
By A^TT Date //^/>^^ Subject (Ay*re Aft. 7^A Spyy< r Sheet No. / - 2 of / A -


Chkd. By t l i i^Date d f ^ : L , yA)^yn A^^^yy AfyAyyr^ Proj. No. f ? ^ ^ ' ^ / ? 


/ fe^cA/^J A A  ' y ^ y ^ A y /y,yyy^y' A A * ? " y  A yi^yfj^yy^^y^ Af^Sy^/ 

A'f r A e A y e m y y y ^ y ^ PiyAy 4 c y ^ ^ .  P A^-*^j 

y-A*?^ yA*- p*yyyy*T'yy j - y a p '  y ^yAteyne AI, y y^ <^< 

^ y r r a  o C A  J y^y>yp A^At y>>y*Jpyy^*y, -/yy**- yy-yy P>*yyy 

r / t ^ * . ^ y y y y * yt Ay^ r A<f: y c A-r. 
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TABLE 1 


Volume Calculations 

South Street Site 


Walpole, MA 


Contour 

Distance 
Between 
Contours 

Cross-Sectional 
Areas (a) 
ISq. Feet) 

i 0  « 

IBS 

160

%$2 

t  m 

^ ^ 

•^ • . '

• 

>

2" 
^ 

2' 

T 

T 

1,166.33 i  f 

0,20^,51 51 

3<J*338.B2 sf 

03J3$.$5 s  i 

142,577.9$ &f 

Note: 

Average 
End Areas 
(Sq. Feet) 

'• 

5,197.82 sf 
^ 

19.773.92 sf 

61,839.03 sf 
, 
117,958.76 sf 

Total Volume =

Total Volume = 

Incremental 
Volumes 
(Cu. Feet) 

: ' ' / " " ' , 

10,396 cf 
' • 

39,548 cf 

t 


123,678 cf 


235,918 cf 

' 

1 409,540 cf 1 

3.06 MGallons 

(a) Areas Encompassed By Contours Were Calculated By CADD From Canonie 
Drawing Number 89-223-A1 

^aiiOHlisi'!

Cumulative 
Volumes 
(Cu. Feet) 

10,396 cf 

' 49,944 cf 

1?3,6aacf 

; 4D9,S40cf 

http:117,958.76
http:61,839.03
http:19.773.92
http:5,197.82


CanonleEnvircnrrifidal 3-3^ 


Ry M A n nM^ 5-7&'^

Checked By Dote

CCNTOUR DE6ICSNATICN 

I&6 

164 

 Subject SOUTH STREET AREAS Sheet '

 : 

AREA ^UIE&T; 

6101.14 

493(96.92 

&^62L31 

1 

Project No.

AREA (EAAT) 

5.10 

442d.13 

4 4 0 2 3 J 6 2 

82956 j b l 

 of L 
 eg-223-n 

TOTAL AREA 

118633 

3033832 

9333933 

142511.98 

http:142511.98
http:493(96.92
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Canonie 3-^5 


VKy y A ? r Date - 0 ^ / / ^ - ^ Subject A y * ^ ^ ' d ^ ' ^ r d J r y r r y sheet No. / o f / 

Chkd. By/fZiifDate ^ / d / ' ^ c  ̂  AA^i^yo^, - ^ ^ A . »  . C ' . y ^ ^ Pro|, N o . _ ^ f ^ _ £ £ : l Z Z . 
^ A y * ' Ac ytyfyy*r^ ' » y—%  yA» 

1/4" X 1/4" 

/ / ^ 

4: 



^ -3 (0 Canonie 
By A> r Date S A ^ Y ^ 2 Subject A y < < ' / ' > " '  / f ^ y y y ^ Sheet No. / of ^ 

Chkd. By l L _ D a t e ^Z^'?^'^^ A/r^. /yy^ - ^ ^ r / / • ^ C^yy- Proj. W Q . J 2 _ ^ A 2 I A L 
/ y y ^ j y v e y y y y y(7^ t - , 

1/4" X 1/4" 

/Ct /y?(?y '- / A r y& y 'yy y r f r : ' f r A y r ^ ^ A c A ^ ' " ' 7 Pr /c? c?*^ ' ' "^/^ 

J 4 e. s A r ' y ^ P y y ' ' ~ <Pi>>P̂  Ay*^ C ' ^ y  y A^/y AAyu / a i yyypayyyy /yy 

T ^ / i y r y y y r a y t y y ypA^y>) ^  y y y * A^yyt.rA J p y y r P A y y ^ y . 

y ^ e r A y y y '. P^Ae. A A t y t r C ' ^ ^ ^ y > ' P> A y * r A yySt. y>ryyy?yy),y C/PT9P ' / J J C A J  J 

^ y y ^ /^At y y f y y - y? y y i^ e y / yf y y ^ y / y ^ p y ^ ^ y y t r "Ty j^ .^ 

P l ^ e y y y y , r A y ^PYyy*, , A A t <i9^.^v y t , , - y / yf c y  - y? y 4 r A t ^ y y y -

C y ^ y " '  y P^r.yy y t ^ / P - A A ' A ay <A ^ ^  y yyAyp A ^ y y ^ •s'^ 

^ A y ^ . p - y y ^ a '  ' ^Ay t^^ycy^y r c y y y , , y e ( / i y ' T p P / . ) ^ f A y r /  r /2? 

P7y,yp y / o  i A-2 t ? / ^Ar pay>yP'y^cyyd', aAyytyy.^jr ^y^^y^ 
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ELEVATION - OUTFALL CURVE DATA FOR TEMPORARY DAM 


WSEL H [H/h] Qw Qp Qt 

< 162.0 0.0 7.0 133 133 
162.0 0.0 7.0 0.00 3.27 2 19.00 0 133 133 
162.5 0.5 7.0 0.07 3.30 2 18.90 22 133 155 
163.0 1.0 7.0 0.14 3.33 18.90 63 133 196 
163.5 1.5 7.0 0.21 3.36 18.85 116 133 249 
164.0 2.0 7.0 0.29 3.38 18.80 180 133 313 
164.5 2.5 7.0 0.36 3.41 18.75 253 133 386 
165.0 3.0 7.0 0.43 3.44 18.70 334 133 467 
165.5 3.5 7.0 0.50 3.47 0 19.00 432 133 565 

166.0 
165.0 
164.0 

^ 163.0 
J 162.0 
^ 161.0 
* 160.0 

159.0 
158.0 
157.0 

WSEL V S

j r - ^  * 

 DISCHARGE 

. • 

() 100 200 300 400 

DISCHARGE, cfs 

500 6( )0 
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2-YEAR FLOOD 

WATER BALANCE FOR AREA ABOVE TEMPORARY DAM 


Recurrence interval (Rl) = 2 yrs 
Precipitation (P) = 3.20 in 

Curve number (CN) = 50 
Storage (S) = 10.00 in 

Initial abstractions (la) = 2.00 in 
la/P = 0.63 

1={unoff (Q) = 0.12857143 in 
Drainage Area (A) = 9.00 sq mi 

Maximums = 132 47489 47489 0 0 

Column No. 1 2 3 4 5 6 7 
Incremental Cumulative 

Unit Inflow Pumped Storage Storage 
Time Discharge Discharge Volume Volume Volume Volume 

hrs csm/in cfs cu ft cu ft cu f t cu ft 
12.4 1 1.2 208 208 0 0 
12.5 3 3.5 833 833 0 0 
12.6 6 6.9 1875 1875 0 0 
12.7 11 12.7 3541 3541 0 0 
12.8 16 18.5 5624 5624 0 0 
12.9 25 28.9 8540 8540 0 0 

13 33 38.2 12081 12081 0 0 
13.1 43 49.8 15830 15830 0 0 
13.2 54 62.5 20204 20204 0 0 
13.3 64 74.1 24578 24578 0 0 
13.4 75 86.8 28952 28952 0 0 
13.5 83 96.0 32909 32909 0 0 
13.6 91 105.3 36242 36242 0 0 
13.7 96 111.1 38949 38949 0 0 
13.8 102 118.0 41241 41241 0 0 
13.9 108 125.0 43740 43740 0 0 

14 114 131.9 46239 46239 0 0 
14.1 114 131.9 47489 47489 0 0 
14.2 114 131.9 47489 47489 0 0 
14.3 114 131.9 47489 47489 0 0 
14.4 110 127.7 46725 46725 0 0 
14.5 107 123.4 45198 45198 0 0 
14.6 103 119.2 43671 43671 0 0 
14.7 101 117.2 42542 42542 0 0 
14.8 100 115.1 41813 41813 0 0 
14.9 98 113.1 41084 41084 0 0 

15 96 111.1 40355 40355 0 0 
15.1 94 109.0 39616 39616 0 0 
15.2 92 106.9 38866 38866 0 0 
15.3 91 104.8 38116 38116 0 0 
15.4 89 102.8 37366 37366 0 0 
15.5 87 100.7 36617 36617 0 0 
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2-YEAR FLOOD 


15.6 

15.7 

15.8 

15.9 

16 


16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

16.7 

16.8 

16.9 

17 


17.1 

17.2 

17.3 

17.4 

17.5 

17.6 

17.7 

17.8 

17.9 

18 


18.1 

18.2 

18.3 

18.4 

18.5 

18.6 

18.7 

18.8 

18.9 

19 


19.1 

19.2 

19.3 

19.4 

19.5 

19.6 

19.7 

19.8 

19.9 


20 

20.1 

20.2 

20.3 

20.4 

20.5 

20.6 


85 

84 

82 

81 

79 

78 

76 

75 

73 

72 

70 

69 

67 

66 

64 

63 

61 

60 

58 

57 

56 

55 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

40 

39 

39 

38 

37 

37 

36 

36 

35 

35 

34 

34 

34 

34 

33 


98.8 

97.0 

95.1 

93.3 

91.4 

89.8 

88.2 

86.6 

84.9 

83.3 

81.5 

79.6 

77.8 

75.9 

74.1 

72.4 

70.8 

69.2 

67.6 

66.0 

64.6 

63.2 

61.8 

60.4 

59.0 

57.9 

56.7 

55.5 

54.4 

53.2 

52.1 

50.9 

49.8 

48.6 

47.4 

46.7 

46.1 

45.4 

44.7 

44.0 

43.3 

42.6 

41.9 

41.2 

40.5 

40.2 

39.8 

39.5 

39.1 

38.8 

38.4 


35908 

35242 

34575 

33909 

33242 

32618 

32034 

31451 

30868 

30285 

29660 

28993 

28327 

27660 

26994 

26369 

25786 

25203 

24619 

24036 

23495 

22995 

22495 

21995 

21495 

21037 

20620 

20204 

19787 

19371 

18954 

18537 

18121 

17704 

17288 

16954 

16705 

16455 

16205 

15955 

15705 

15455 

15205 

14955 

14705 

14518 

14393 

14268 

14143 

14018 

13893 


35908 

35242 

34575 

33909 

33242 

32618 

32034 

31451 

30868 

30285 

29660 

28993 

28327 

27660 

26994 

26369 

25786 

25203 

24619 

24036 

23495 

22995 

22495 

21995 

21495 

21037 

20620 

20204 

19787 

19371 

18954 

18537 

18121 

17704 

17288 

16954 

16705 

16455 

16205 

15955 

15705 

15455 

15205 

14955 

14705 

14518 

14393 

14268 

14143 

14018 

13893 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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2-YEAR FLOOD 


20.7 

20.8 

20.9 

21 


21.1 

21.2 

21.3 

21.4 

21.5 

21.6 

21.7 

21.8 

21.9 

22 


22.1 

22.2 

22.3 

22.4 

22.5 

22.6 

22.7 

22.8 

22.9 


23 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

23.7 

23.8 

23.9 

24 


24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

24.7 

24.8 

24.9 


25 

25.1 

25.2 

25.3 

25.4 

25.5 

25.6 

25.7 


33 

33 

32 

32 

32 

31 

31 

31 

31 

30 

30 

30 

29 

29 

28 

28 

27 

27 

26 

26 

25 

24 

24 

23 

23 

22 

22 

21 

20 

20 

19 

19 

18 

18 

17 

16 

16 

15 

15 

14 

13 

13 

12 

12 

11 

11 

10 

9 

9 

8 

8 


38.1 

37.7 

37.4 

37.0 

36.7 

36.3 

36.0 

35.6 

35.3 

34.9 

34.6 

34.3 

33.9 

33.6 

32.9 

32.2 

31.6 

30.9 

30.2 

29.6 

28.9 

28.2 

27.6 

26.9 

26.2 

25.6 

24.9 

24.2 

23.6 

22.9 

22.2 

21.6 

20.9 

20.3 

19.6 

18.9 

18.3 

17.6 

16.9 

16.3 

15.6 

14.9 

14.3 

13.6 

12.9 

12.3 

11.6 

10.9 

10.3 

9.6 

8.9 


13768 

13643 

13518 

13393 

13268 

13143 

13018 

12893 

12768 

12643 

12518 

12393 

12268 

12143 

11961 

11721 

11482 

11242 

11003 

10763 

10524 

10284 

10045 

9805 

9566 

9326 

9086 

8847 

8607 

8368 

8128 

7889 

7649 

7410 

7170 

6931 

6691 

6452 

6212 

5973 

5733 

5494 

5254 

5014 

4775 

4535 

4296 

4056 

3817 

3577 

3338 


13768 

13643 

13518 

13393 

13268 

13143 

13018 

12893 

12768 

12643 

12518 

12393 

12268 

12143 

11961 

11721 

11482 

11242 

11003 

10763 

10524 

10284 

10045 

9805 

9566 

9326 

9086 

8847 

8607 

8368 

8128 

7889 

7649 

7410 

7170 

6931 

6691 

6452 

6212 

5973 

5733 

5494 

5254 

5014 

4775 

4535 

4296 

4056 

3817 

3577 

3338 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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2-YEAR FLOOD 
 \ ^ 

25.8 7 8.3 3098 3098 0 0 
25.9 7 7.6 2859 2859 0 0 
26 6 6.9 2619 2619 0 0 

26.1 6 6.8 2468 2468 0 0 
26.2 6 6.6 2406 2406 0 0 

26.3 6 6.4 2343 2343 0 0 

26.4 5 6.2 2281 2281 0 0 

26.5 5 6.1 2218 2218 0 0 

26.6 5 5.9 2156 2156 0 0 

26.7 5 5.7 2093 2093 0 0 

26.8 5 5.6 2031 2031 0 0 

26.9 5 5.4 1968 1968 0 0 

27 5 5.2 1906 1906 0 0 

27.1 4 5.0 1843 1843 0 0 

27.2 4 4.9 1781 1781 0 0 

27.3 4 4.7 1718 1718 0 0 

27.4 4 4.5 1656 1656 0 0 

27.5 4 4.3 1593 1593 0 0 

27.6 4 4.2 1531 1531 0 0 

27.7 3 4.0 1468 1468 0 0 

27.8 3 3.8 1406 1406 0 0 

27.9 3 3.6 1343 1343 0 0 

28 3 3.5 1281 1281 0 0 

28.1 3 3.3 1218 1218 0 0 

28.2 3 3.1 1156 1156 0 0 

28.3 3 3.0 1094 1094 0 0 

28.4 2 2.8 1031 1031 0 0 

28.5 2 2.6 969 969 0 0 

28.6 2 2.4 906 906 0 0 

28.7 2 2.3 844 844 0 0 

28.8 2 2.1 781 781 0 0 

28.9 2 1.9 719 719 0 0 

29 2 1.7 656 656 0 0 

29.1 1.6 594 594 0 0 

29.2 1.4 531 531 0 0 

29.3 1.2 469 469 0 0 

29.4 1.0 406 406 0 0 

29.5 0.9 344 344 0 0 

29.6 0.7 281 281 0 0 

29.7 0 0.5 219 219 0 0 

29.8 0 0.3 156 156 0 0 

29.9 0 0.2 94 94 0 0 

30 0 0.0 31 31 0 0 

2664391 2664391 
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3-YEAR FLOOD 


Vy/ATER BALANCE FOR AREA ABOVE TEMPORARY DAM 

Recurrence interval (Rl) = 3 yrs 
Precipitation (P) = 3.70 in 

Curve number (CN) = 47 
Storage (S) = 11.28 in 

Initial abstractions (la) = 2.26 in 
la/P = 0.61 

Runoff (Q) = 0.16 in 
Drainage Area (A) = 9.00 sq mi 

Maximums = 167 60229 47880 12349 112665 

Column No. 1 2 3 4 5 6 7 
Incremental Cumulative 

Unit Inflow Pumped Storage Storage 
Time Discharge Discharge Volume Volume Volume Volume 

hrs csm/in cfs cu ft cu ft cu f t cu ft 
12.4 1 1.5 264 264 0 0 
12.5 3 4.4 1057 1057 0 0 
12.6 6 8.8 2377 2377 0 0 
12.7 11 16.1 4491 4491 0 0 
12.8 16 23.5 7132 7132 0 0 
12.9 25 36.7 10831 10831 0 0 

13 33 48.4 15321 15321 0 0 
13.1 43 63.1 20076 20076 0 0 
13.2 54 79.2 25624 25624 0 0 
13.3 64 93.9 31171 31171 0 0 
13.4 75 110.1 36718 36718 0 0 
13.5 83 121.8 41737 41737 0 0 
13.6 91 133.5 45964 45964 0 0 
13.7 96 140.9 49398 47880 1518 1518 
13.8 102 149.7 52304 47880 4424 5942 
13.9 108 158.5 55474 47880 7594 13536 

14 114 167.3 58644 47880 10764 24300 
14.1 114 167.3 60229 47880 12349 36649 
14.2 114 167.3 60229 47880 12349 48997 
14.3 114 167.3 60229 47880 12349 61346 
14.4 110 161.9 59260 47880 11380 72726 
14.5 107 156.5 57323 47880 9443 82169 
14.6 103 151.2 55386 47880 7506 89675 
14.7 101 148.6 53955 47880 6075 95750 
14.8 100 146.0 53030 47880 5150 100900 
14.9 98 143.5 52106 47880 4226 105126 

15 96 140.9 51181 47880 3301 108427 
15.1 94 138.2 50243 47880 2363 110791 
15.2 92 135.6 49292 47880 1412 112203 
15.3 91 133.0 48342 47880 462 112665 
15.4 89 130.3 47391 47880 -489 112175 
15.5 87 127.7 46440 47880 -1440 110735 
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15.6 85 125.3 45541 47880 -2339 108396 
15.7 84 123.0 44696 47880 -3184 105212 
15.8 82 120.6 43851 47880 -4029 101183 
15.9 81 118.3 43005 47880 -4875 96309 
16 79 115.9 42160 47880 -5720 90589 

16.1 78 113.9 41368 47880 -6512 84076 
16.2 76 111.8 40628 47880 -7252 76824 

16.3 75 109.8 39888 47880 -7992 68833 
16.4 73 107.7 39149 47880 -8731 60102 
16.5 72 105.7 38409 47880 -9471 50631 
16.6 70 103.3 37617 47880 -10263 40367 
16.7 69 101.0 36771 47880 -11109 29258 
16.8 67 98.6 35926 47880 -11954 17304 
16.9 66 96.3 35081 47880 -12799 4505 
17 64 93.9 34235 38740 -4505 0 

17.1 63 91.9 33443 33443 0 0 
17.2 61 89.8 32703 32703 0 0 
17.3 60 87.8 31964 31964 0 0 
17.4 58 85.7 31224 31224 0 0 
17.5 57 83.7 30484 30484 0 0 
17.6 56 81.9 29797 29797 0 0 
17.7 55 80.1 29163 29163 0 0 
17.8 53 78.4 28529 28529 0 0 
17.9 52 76.6 27895 27895 0 0 
18 51 74.8 27261 27261 0 0 

18.1 50 73.4 26680 26680 0 0 
18.2 49 71.9 26152 26152 0 0 
18.3 48 70.4 25624 25624 0 0 
18.4 47 69.0 25095 25095 0 0 
18.5 46 67.5 24567 24567 0 0 
18.6 45 66.0 24039 24039 0 0 
18.7 44 64.6 23510 23510 0 0 
18.8 43 63.1 22982 22982 0 0 
18.9 42 61.6 22454 22454 0 0 
19 41 60.2 21925 21925 0 0 

19.1 40 59.3 21503 21503 0 0 
19.2 40 58.4 21186 21186 0 0 
19.3 39 57.5 20869 20869 0 0 
19.4 39 56.6 20552 20552 0 0 
19.5 38 55.8 20235 20235 0 0 
19.6 37 54.9 19918 19918 0 0 
19.7 37 54.0 19601 19601 0 0 
19.8 36 53.1 19284 19284 0 0 
19.9 36 52.2 18967 18967 0 0 
20 35 51.4 18650 18650 0 0 

20.1 35 50.9 18412 18412 0 0 
20.2 34 50.5 18254 18254 0 0 
20.3 34 50.0 18095 18095 0 0 
20.4 34 49.6 17937 17937 0 0 
20.5 34 49.2 17778 17778 0 0 
20.6 33 48.7 17620 17620 0 0 
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3-YEAR FLOOD 


20.7 

20.8 

20.9 

21 


21.1 

21.2 

21.3 

21.4 

21.5 

21.6 

21.7 

21.8 

21.9 

22 


22.1 

22.2 

22.3 

22.4 

22.5 

22.6 

22.7 

22.8 

22.9 

23 


23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

23.7 

23.8 

23.9 

24 


24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

24.7 

24.8 

24.9 

25 


25.1 

25.2 

25.3 

25.4 

25.5 

25.6 

25.7 


33 48.3 17461 17461 0 0 
33 47.8 17303 17303 0 0 
32 47.4 17144 17144 0 0 
32 47.0 16986 16986 0 0 
32 46.5 16827 16827 0 0 
31 46.1 16669 16669 0 0 
31 45.6 16510 16510 0 0 
31 45.2 16352 16352 0 0 
31 44.8 16193 16193 0 0 
30 44.3 16035 16035 0 0 
30 43.9 15876 15876 0 0 
30 43.4 15718 15718 0 0 
29 43.0 15559 15559 0 0 
29 42.6 15401 15401 0 0 
28 41.7 15169 15169 0 0 
28 40.9 14866 14866 0 0 
27 40.0 14562 14562 0 0 
27 39.2 14258 14258 0 0 
26 38.3 13954 13954 0 0 
26 37.5 13651 13651 0 0 
25 36.7 13347 13347 0 0 
24 35.8 13043 13043 0 0 
24 35.0 12739 12739 0 0 
23 34.1 12435 12435 0 0 
23 33.3 12132 12132 0 0 
22 32.4 11828 11828 0 0 
22 31.6 11524 11524 0 0 
21 30.7 11220 11220 0 0 
20 29.9 10916 10916 0 0 
20 29.1 10613 10613 0 0 
19 28.2 10309 10309 0 0 
19 27.4 10005 10005 0 0 
18 26.5 9701 9701 0 0 
18 25.7 9398 9398 0 0 
17 24.8 9094 9094 0 0 
16 24.0 8790 8790 0 0 
16 23.2 8486 8486 0 0 
15 22.3 8182 8182 0 0 
15 21.5 7879 7879 0 0 
14 20.6 7575 7575 0 0 
13 19.8 7271 7271 0 0 
13 18.9 6967 6967 0 0 
12 18.1 6663 6663 0 0 
12 17.2 6360 6360 0 0 
11 16.4 6056 6056 0 0 
11 15.6 5752 5752 0 0 
10 14.7 5448 5448 0 0 
9 13.9 5145 5145 0 0 
9 13.0 4841 4841 0 0 
8 12.2 4537 4537 0 0 
8 11.3 4233 4233 0 0 
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3-YEAR FLOOD 
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4-YEAR FLOOD 


WATER BALANCE FOR AREA ABOVE TEMPORARY DAM 


Recurrence interval (Rl) = 4 yrs 
Precipitation (P) = 3.90 in 

Curve number (CN) = 46 
Storage (S) = 11.74 in . .  . 

Initial abstractions (la) = 2.35 in 
la/P = 0.60 

1Runoff (Q) = 0.18 in 
Drainage Area (A) = 9.00 sq mi 

Maximums = 186 66938 47880 19058 232995 

Column No. 1 2 3 4 5 6 7 
Incremental Cumulative 

Unit Inflow Pumped Storage Storage 
Time Discharge Discharge Volume Volume Volume Volume 

hrs csm/in cfs cu f t cu ft cu f t cu f t 
12.4 1 1.6 294 ^ 9  4 0 0 
12.5 3 4.9 1174 "ri74 0 0 
12.6 6 9.8 2642 2642 0 0 
12.7 11 17.9 4991 4991 0 0 
12.8 16 26.1 7927 7927 0 0 
12.9 25 40.8 12037 12037 0 0 

13 33 53.8 17028 17028 0 0 
13.1 43 70.1 22313 22313 0 0 
13.2 54 88.1 28478 28478 0 0 
13.3 64 104.4 34643 34643 0 0 
13.4 75 ^22.3 40809 40809 0 0 
13.5 83 135.4 46387 46387 0 0 
13.6 91 148.4 51084 47880 3204 3204 
13.7 96 156.6 54901 47880 7021 -10225 
13.8 102 166.4 58130 47880 10250 ^0475 
13.9 108 176.2 61653 47880 13773 34248 

14 114 185.9 65176 47880 17296 51545 
14.1 114 185.9 66938 47880 19058 70602 
14.2 114 185.9 66938 47880 19058 89660 
14.3 114 185.9 66938 47880 19058 108718 
14.4 110 180.0 65861 47880 17981 126699 
14.5 107 174.0 63708 47880 15828 142528 
14.6 103 168.0 61555 47880 13675 156203 
14.7 101 165.1 59965 47880 12085 168288 
14.8 100 162.3 58938 47880 11058 179346 
14.9 98 159.4 57910 47880 10030 189376 

15 96 156.6 56882 47880 9002 198378 
15.1 94 153.6 55840 47880 7960 206338 
15.2 92 150.7 54783 47880 6903 213242 
15.3 91 147.8 53726 47880 5846 219088 
15.4 89 144.8 52669 47880 4789 223877 
15.5 87 141.9 51613 47880 3733 227610 
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4-YEAR FLOOD 
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4-YEAR FLOOD 
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4-YEAR FLOOD 
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5-YEAR FLOOD 


WATER BALANCE FOR AREA ABOVE TEMPORARY DAM 


Recurrence interval (Rl) = 5 yrs 
Precipitation (P) = 4.10 in 

Curve number (CN) = 45 
Storage (S) = 12.22 in 

Initial abstractions (la) = 2.44 in 
la/P = 0.60 

Runoff (0) = 0.20 in 
Drainage Area (A) = 9.00 sq mi 

Maximums = 203 72986 47880 25106 367742 

Column No. 1 2 3 4 5 6 7 
Incremental Cumulative 

Unit Inflow Pumped Storage Storage 
Time Discharge Discharge Volume Volume Volume Volume 

hrs csm/in cfs cu f t cu ft cu ft cu ft 
12.4 1 1.8 320 320 0 0 
12.5 3 5.3 1280 1280 0 0 
12.6 6 10.7 2881 2881 0 0 
12.7 11 19.6 5442 5442 0 0 
12.8 16 28.5 8643 8643 0 0 
12.9 25 44.5 13125 13125 0 0 

13 33 58.7 18566 18566 0 0 
13.1 43 76.5 24329 24329 0 0 
13.2 54 96.0 31051 31051 0 0 
13.3 64 113.8 37773 37773 0 0 
13.4 75 133.4 44496 44496 0 0 
13.5 83 147.6 50578 47880 2698 2698 
13.6 91 161.8 55699 47880 7819 10517 
13.7 96 170.7 59861 47880 11981 22498 
13.8 102 181.4 63382 47880 15502 38000 
13.9 108 192.1 67224 47880 19344 57344 

14 114 202.7 71065 47880 23185 80529 
14.1 114 202.7 72986 47880 25106 105634 
14.2 114 202.7 72986 47880 25106 130740 
14.3 114 202.7 72986 47880 25106 155845 
14.4 110 196.2 71812 47880 23932 179777 
14.5 107 189.7 69464 47880 21584 201361 
14.6 103 183.2 67117 47880 19237 220598 
14.7 101 180.1 65383 47880 17503 238101 
14.8 100 177.0 64262 47880 16382 254483 
14.9 98 173.8 63142 47880 15262 269745 

15 96 170.7 62022 47880 14142 283887 
15.1 94 167.5 60885 47880 13005 296892 
15.2 92 164.3 59733 47880 11853 308745 
15.3 91 161.1 58580 47880 10700 319446 
15.4 89 157.9 57428 47880 9548 328994 
15.5 87 154.7 56276 47880 8396 337389 
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X, I'SL 

5-YEAR FLOOD 
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15.9 

16 


16.1 

16.2 

16.3 

16.4 

16.5 

16.6 
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41 
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151.9 55187 47880 7307 344697 
149.0 54163 47880 6283 350980 
146.2 53139 47880 5259 356238 
143.3 52114 47880 4234 360473 
140.5 51090 47880 3210 363682 
138.0 50130 47880 2250 365932 
135.5 49233 47880 1353 367285 
133.0 48337 47880 457 367742 
130.5 47441 47880 -439 367303 
128.0 46544 47880 -1336 365967 
125.2 45584 47880 -2296 363671 
122.4 44560 47880 -3320 360350 
119.5 43535 47880 -4345 356006 
116.7 42511 47880 -5369 350636 
113.8 41487 47880 -6393 344243 
111.3 40526 47880 -7354 336889 
108.8 39630 47880 -8250 328639 
106.3 38734 47880 -9146 319493 
103.9 37837 47880 10043 309450 
101.4 36941 47880 10939 298511 
99.2 36109 47880 11771 286739 
97.1 35340 47880 12540 274200 
95.0 34572 47880 13308 260892 
92.8 33804 47880 14076 246816 
90.7 33036 47880 14844 231971 
88.9 32331 47880 15549 216422 
87.1 31691 47880 16189 200234 
85.4 31051 47880 16829 183404 
83.6 30411 47880 17469 165935 
81.8 29770 47880 18110 147825 
80.0 29130 47880 18750 129076 
78.2 28490 47880 19390 109686 
76.5 27850 47880 20030 89655 
74.7 27210 47880 20670 68985 
72.9 26569 47880 21311 47674 
71.8 26057 47880 21823 25851 
70.8 25673 47880 22207 3644 
69.7 25289 28933 -3644 0 
68.6 24905 24905 0 0 
67.6 24521 24521 0 0 
66.5 24136 24136 0 0 
65.4 23752 23752 0 0 
64.4 23368 23368 0 0 
63.3 22984 22984 0 0 
62.2 22600 22600 0 0 
61.7 22312 22312 0 0 
61.2 22120 22120 0 0 
60.6 21928 21928 0 0 
60.1 21736 21736 0 0 
59.6 21544 21544 0 0 
59.0 21351 21351 0 0 
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5-YEAR FLOOD 


20.7 33 58.5 21159 21159 0 0 
20.8 33 58.0 20967 20967 0 0 
20.9 32 57.4 20775 20775 0 0 
21 32 56.9 20583 20583 0 0 

21.1 32 56.4 20391 20391 0 0 
21.2 31 55.8 20199 20199 0 0 
21.3 31 55.3 20007 20007 0 0 
21.4 31 54.8 19815 19815 0 0 
21.5 31 54.2 19623 19623 0 0 
21.6 30 53.7 19431 19431 0 0 
21.7 30 53.2 19239 19239 0 0 
21.8 30 52.6 19047 19047 0 0 
21.9 29 52.1 18855 18855 0 0 
22 29 51.6 18663 18663 0 0 

22.1 28 50.6 18382 18382 0 0 
22.2 28 49.5 18014 18014 0 0 
22.3 27 48.5 17646 17646 0 0 
22.4 27 47.5 17278 17278 0 0 
22.5 26 46.5 16910 16910 0 0 
22.6 26 45.4 16542 16542 0 0 
22.7 25 44.4 16174 16174 0 0 
22.8 24 43.4 15806 15806 0 0 
22.9 24 42.4 15437 15437 0 0 
23 23 41.3 15069 15069 0 0 

23.1 23 40.3 14701 14701 0 0 
23.2 22 39.3 14333 14333 0 0 
23.3 22 38.3 13965 13965 0 0 
23.4 21 37.3 13597 13597 0 0 
23.5 20 36.2 13229 13229 0 0 
23.6 20 35.2 12860 12860 0 0 
23.7 19 34.2 12492 12492 0 0 
23.8 19 33.2 12124 12124 0 0 
23.9 18 32.1 11756 11756 0 0 
24 18 31.1 11388 11388 0 0 

24.1 17 30.1 11020 11020 0 0 
24.2 16 29.1 10652 10652 0 0 
24.3 16 28.1 10284 10284 0 0 
24.4 15 27.0 9915 9915 0 0 
24.5 15 26.0 9547 9547 0 0 
24.6 14 25.0 9179 9179 0 0 
24.7 13 24.0 8811 8811 0 0 
24.8 13 22.9 8443 8443 0 0 
24.9 12 21.9 8075 8075 0 0 
25 12 20.9 7707 7707 0 0 

25.1 11 19.9 7339 7339 0 0 
25.2 11 18.9 6970 6970 0 0 
25.3 10 17.8 6602 6602 0 0 
25.4 9 16.8 6234 6234 0 0 
25.5 9 15.8 5866 5866 0 0 
25.6 8 14.8 5498 5498 0 0 
25.7 8 13.7 5130 5130 0 0 
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25.8 

25.9 


26 

26.1 

26.2 

26.3 

26.4 

26.5 

26.6 

26.7 

26.8 

26.9 

27 


27.1 

27.2 

27.3 

27.4 

27.5 

27.6 

27.7 

27.8 

27.9 

28 


28.1 

28.2 

28.3 

28.4 

28.5 

28.6 

28.7 

28.8 

28.9 

29 


29.1 

29.2 

29.3 

29.4 

29.5 

29.6 

29.7 

29.8 

29.9 

30 


7 

7 

6 

6 

6 

6 

5 

5 

5 

5 

5 

5 

5 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 

2 


0 

0 

0 

0 


12.7 

11.7 

10.7 

10.4 

10.1 

9.9 

9.6 

9.3 

9.1 

8.8 

8.5 

8.3 

8.0 

7.7 

7.5 

7.2 

6.9 

6.7 

6.4 

6.1 

5.9 

5.6 

5.3 

5.1 

4.8 

4.5 

4.3 

4,0 

3.7 

3.5 

3.2 

2.9 

2.7 

2.4 

2.1 

1.9 

1.6 

1.3 

1.1 

0.8 

0.5 

0.3 

0.0 


4762 

4394 

4025 

3793 

3697 

3601 

3505 

3409 

3313 

3217 

3121 

3025 

2929 

2833 

2737 

2641 

2545 

2449 

2353 

2257 

2161 

2065 

1969 

1873 

1777 

1681 

1585 

1489 

1392 

1296 

1200 

1104 

1008 

912 

816 

720 

624 

528 

432 

336 

240 

144 

48 
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5-YEAR FLOOD 

WATER BALANCE FOR AREA ABOVE TEMPORARY DAM INCLUDING OUTFLOW OVER DAM 

Recurrence interval (Rl) = 5 yrs 

Precipitation (P) = 4.10 in 


Curve number (CN) = 45 

Storage (S) = 12.22 in 


Initial abstractions (la) = 2.44 in 

la/P = 0.60 


Runoff (Q) = 0.20 in 

Drainage Area (A) = 9.00 sq 1 mi 


Maximums = 203 73068 47880 

Column No. 1 	 2 3 4 5 

Unit Inflow Pumped 
Time Discharge Discharge Volume Volume 

hrs csm/in cfs cu ft cu f t 
12.4 1 1.8 320 320 
12.5 3 5.3 1282 1282 
12.6 6 10.7 2884 2884 
12.7 11 19.6 5448 5448 
12.8 16 28.5 8653 8653 
12.9 	 25 44.5 13139 13139 

13 33 58.8 18588 18588 
13.1 43 76.6 24356 24356 
13.2 54 96.1 31086 31086 
13.3 64 113.9 37816 37816 
13.4 75 133.5 44546 44546 
13.5 83 147.8 50635 47880 
13.6 91 162.0 55763 47880 
13.7 96 170.9 59929 47880 
13.8 102 181.6 63454 47880 
13.9 	 108 192.3 67300 47880 

14 114 203.0 71146 47880 
14.1 114 203.0 73068 47880 

25188 235544 235350 162.7 38.4 13824 221720 

6 7 8 9.0 10.0 11 12 
Incremental Cumulative Average Final 

Storage Storage Storage Average iOutflow Outflow Storage 
Volume Volume Volume WSEL Rate Volume Volume 

cu ft cu f t cu ft ft cfs cu f t cu ft 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 
0 0 0 156.0 0.0 0 0 

2755 2755 1378 156.0 0.0 0 2755 
7883 10638 6697 157.0 0.0 0 10638 

12049 22687 16662 158.2 0.0 0 22687 
15574 38261 30474 159.3 0.0 0 38261 
19420 57681 47971 159.7 0.0 0 57681 
23266 80946 69314 160.4 0.0 0 80946 
25188 106135 93541 161.0 0.0 0 106135 
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14.2 114 203.0 73068 47880 
14.3 114 203.0 73068 47880 
14.4 110.33333 196.4 71893 47880 
14.5 106.66667 189.9 69543 47880 
14.6 103 183.4 67193 47880 
14.7 101.25 180.3 65457 47880 
14.8 99.5 177.2 64335 47880 
14.9 97.75 174.0 63214 47880 
15 96 170.9 62092 47880 

15.1 94.2 167.7 60954 47880 
15.2 92.4 164.5 59801 47880 
15.3 90.6 161.3 58647 47880 
15.4 88.8 158.1 57493 47880 
15.5 87 154.9 56340 47880 
15.6 85.4 152.0 55250 47880 
15.7 83.8 149.2 54224 47880 
15.8 82.2 146.4 53199 47880 
15.9 80.6 143.5 52173 47880 
16 79 140.7 51148 47880 

16.1 77.6 138.2 50186 47880 
16.2 76.2 135.7 49289 47880 
16.3 74.8 133.2 48392 47880 
16.4 73.4 130.7 47494 47880 
16.5 72 128.2 46597 47880 
16.6 7(?4 125.3 45636 47880 
16.7 68.8 122.5 44610 47880 
16.8 67.2 119.6 43585 47880 
16.9 65.6 116.8 42559 47880 
17 64 113.9 41534 47880 

17.1 62.6 111.5 40572 47880 
17.2 61.2 109.0 39675 47880 
17.3 59.8 106.5 38778 47880 
17.4 58.4 104.0 37880 47880 
17.5 57 101.5 36983 47880 
17.6 55.8 99.3 36150 47880 
17.7 54.6 97.2 35381 47880 
17.8 53.4 95.1 34611 47880 

25188 131323 118729 161.4 0.0 0 131323 
25188 156512 143917 161.8 0.0 0 156512 
24013 180525 168518 162.0 0.0 0 180525 
21663 202188 191357 162.2 8.8 3168 199020 
19313 218333 210261 162.5 22.0 7920 210413 
17577 227990 223162 162.6 30.0 10800 217190 
16455 233646 230818 162.7 38.4 13824 219822 
15334 235156 234401 162.7 38.4 13824 221332 
14212 235544 235350 162.7 38.4 13824 221720 
13074 234794 235169 162.7 38.4 13824 220970 
11921 232891 233843 162.7 38.4 13824 219067 
10767 229834 231363 162.7 38.4 13824 216010 
9613 225623 227729 162.6 30.0 10800 214823 
8460 223283 224453 162.6 30.0 10800 212483 
7370 219853 221568 162.6 30.0 10800 209053 
6344 215397 217625 162.5 22.0 7920 207477 
5319 212796 214097 162.5 22.0 7920 204876 
4293 209170 210983 162.5 22.0 7920 201250 
3268 204518 206844 162.4 17.6 6336 198182 
2306 200488 202503 162.3 13.2 4752 195736 
1409 197145 198817 162.3 13.2 4752 192393 
512 192905 195025 162.3 13.2 4752 188153 
-386 187768 190336 162.2 8.8 3168 184600 
-1283 183317 185542 162.1 4.4 1584 181733 
-2244 179488 181403 162.1 4.4 1584 177904 
-3270 174635 177061 162.1 4.4 1584 173051 
-4295 168755 171695 162.0 0.0 0 168755 
-5321 163434 166095 162.0 0.0 0 163434 
-6346 157088 160261 162.0 0.0 0 157088 
-7308 149780 153434 NA 0.0 0 149780 
-8205 141575 145678 NA 0.0 0 141575 
-9102 132473 137024 NA 0.0 0 132473 
-10000 122473 127473 NA 0.0 0 122473 
-10897 111576 117024 NA 0.0 0 111576 
-11730 99845 105711 NA 0.0 0 99845 
-12499 87346 93596 NA 0.0 0 87346 
-13269 74077 80712 NA 0.0 0 74077 
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17.9 52.2 92.9 33842 47880 
18 51 90.8 33073 47880 

18.1 50 89.0 32368 47880 
18.2 49 87.2 31727 47880 
18.3 48 85.5 31086 44654 
18.4 47 83.7 30445 30445 
18.5 46 81.9 29804 29804 
18.6 45 80.1 29163 29163 
18.7 44 78.3 28522 28522 
18.8 43 76.6 27881 27881 
18.9 42 74.8 27240 27240 

19 41 73.0 26599 26599 
19.1 40.4 71.9 26087 26087 
19.2 39.8 70.9 25702 25702 
19.3 39.2 69.8 25318 25318 
19.4 38.6 68.7 24933 24933 
19.5 38 67.7 24548 24548 
19.6 37.4 66.6 24164 24164 
19.7 36.8 65.5 23779 23779 
19.8 36.2 64.5 23395 23395 
19.9 35.6 63.4 23010 23010 

20 35 62.3 22626 22626 
20.1 34.7 61.8 22337 22337 
20.2 34.4 61.2 22145 22145 
20.3 34.1 60.7 21953 21953 
20.4 33.8 60.2 21760 21760 
20.5 33.5 59.6 21568 21568 
20.6 33.2 59.1 21376 21376 
20.7 32.9 58.6 21183 21183 
20.8 32.6 58.0 20991 20991 
20.9 32.3 57.5 20799 20799 

21 32 57.0 20607 20607 
21.1 31.7 56.4 20414 20414 
21.2 31.4 55.9 20222 20222 
21.3 31.1 55.4 20030 20030 
21.4 30.8 54.8 19837 19837 
21.5 30.5 54.3 19645 19645 

-14038 60039 67058 NA 0.0 0 60039 
-14807 45233 52636 NA 0.0 0 45233 
-15512 29721 37477 NA 0.0 0 29721 
-16153 13568 21644 NA 0.0 0 13568 
-13568 0 6784 NA 0.0 0 0 

0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
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21.6 30.2 53.8 19453 19453 
21.7 29.9 53.2 19261 19261 
21.8 29.6 52.7 19068 19068 
21.9 29.3 52.2 18876 18876 

22 29 51.6 18684 18684 
22.1 28.425 50.6 18403 18403 
22.2 27.85 49.6 18035 18035 
22.3 27.275 48.6 17666 17666 
22.4 26.7 47.5 17298 17298 
22.5 26.125 46.5 16929 16929 
22.6 25.55 45.5 16561 16561 
22.7 24.975 44.5 16192 16192 
22.8 24.4 43.4 15823 15823 
22.9 23.825 42.4 15455 15455 

23 23.25 41.4 15086 15086 
23.1 22.675 40.4 14718 14718 
23.2 22.1 39.3 14349 14349 
23.3 21.525 38.3 13981 13981 
23.4 20.95 37.3 13612 13612 
23.5 20.375 36.3 13244 13244 
23.6 19.8 35.3 12875 12875 
23.7 19.225 34.2 12507 12507 
23.8 18.65 33.2 12138 12138 
23.9 18.075 32.2 11769 11769 

24 17.5 31.2 11401 11401 
24.1 16.925 30.1 11032 11032 
24.2 16.35 29.1 10664 10664 
24.3 15.775 28.1 10295 10295 
24.4 15.2 27.1 9927 9927 
24.5 14.625 26.0 9558 9558 
24.6 14.05 25.0 9190 9190 
24.7 13.475 24.0 8821 8821 
24.8 12.9 23.0 8453 8453 
24.9 12.325 21.9 8084 8084 

25 11.75 20.9 7715 7715 
25.1 11.175 19.9 7347 7347 
25.2 10.6 18.9 6978 6978 

0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 0 
0 0 0 NA 0.0 0 
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25.3 
25.4 
25.5 
25.6 
25.7 
25.8 
25.9 

26 
26.1 
26.2 
26.3 
26.4 
26.5 
26.6 
26.7 
26.8 
26.9 

27 
27.1 
27.2 
27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 

28 
28.1 
28.2 
28.3 
28.4 
28.5 
28.6 
28.7 
28.8 
28.9 

10.025 
9.45 

8.875 
8.3 

7.725 
7.15 

6.575 
6 

5.85 
5.7 

5.55 
5.4 

5.25 
5.1 

4.95 
4.8 

4.65 
4.5 

4.35 
4.2 

4.05 
3.9 

3.75 
3.6 

3.45 
3.3 

3.15 
3 

2.85 
2.7 

2.55 
2.4 

2.25 
2.1 

1.95 
1.8 

1.65 

17.8 
16.8 
15.8 
14.8 
13.8 
12.7 
11.7 
10.7 
10.4 
10.1 

9.9 
9.6 
9.3 
9.1 
8.8 
8.5 
8.3 
8.0 
7.7 
7.5 
7.2 
6.9 
6.7 
6.4 
6.1 
5.9 
5.6 
5.3 
5.1 
4.8 
4.5 
4.3 
4.0 
3.7 
3.5 
3.2 
2.9 

6610 
6241 
5873 
5504 
5136 
4767 
4399 
4030 
3798 
3701 
3605 
3509 
3413 
3317 
3221 
3125 
3028 
2932 
2836 
2740 
2644 
2548 
2452 
2355 
2259 
2163 
2067 
1971 
1875 
1779 
1682 
1586 
1490 
1394 
1298 
1202 
1106 

6610 0 0 0 NA 0.0 0 0 
6241 0 0 0 NA 0.0 0 0 
5873 0 0 0 NA 0.0 0 0 
5504 0 0 0 NA 0.0 0 0 
5136 0 0 0 NA 0.0 0 0 
4767 0 0 0 NA 0.0 0 0 
4399 0 0 0 NA 0.0 0 0 
4030 0 0 0 NA 0.0 0 0 
3798 0 0 0 NA 0.0 0 0 
3701 0 0 0 NA 0.0 0 0 
3605 0 0 0 NA 0.0 0 0 
3509 0 0 0 NA 0.0 0 0 
3413 0 0 0 NA 0.0 0 0 
3317 0 0 0 NA 0.0 0 0 
3221 0 0 0 NA 0.0 0 0 
3125 0 0 0 NA 0.0 0 0 
3028 0 0 0 NA 0.0 0 0 
2932 0 0 0 NA 0.0 0 0 
2836 0 0 0 NA 0.0 0 0 
2740 0 0 0 NA 0.0 0 0 
2644 0 0 0 NA 0.0 0 0 
2548 0 0 0 NA 0.0 0 0 
2452 0 0 0 NA 0.0 0 0 
2355 0 0 0 NA 0.0 0 0 
2259 0 0 0 NA 0.0 0 0 
2163 0 0 0 NA 0.0  0 0 
2067 0 0 0 NA 0.0 0 0 
1971 0 0 0 NA 0.0 . 0 0 
1875 0 0 0 NA 0.0 0 0 
1779 0 0 0 NA 0.0 0 0 
1682 0 0 0 NA 0.0 0 0 
1586 0 0 0 NA 0.0 0 0 
1490 0 0 0 NA 0.0 0 0 
1394 0 0 0 NA 0.0 0 0 
1298 0 0 0 NA 0.0 0 0 
1202 0 0 0 NA 0.0 0 0 
1106 0 0 0 NA 0.0 0 0 
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29 1.5 2.7 1009 1009 0 0 0 NA 0.0 0 0 
29.1 1.35 2.4 913 913 0 0 0 NA 0.0 0 0 
29.2 1.2 2.1 817 817 0 0 0 NA 0.0 0 0 
29.3 1.05 1.9 721 721 0 0 0 NA 0.0 0 0 
29.4 0.9 1.6 625 625 0 0 0 NA 0.0 0 0 
29.5 0.75 1.3 529 529 0 0 0 NA 0.0 0 0 
29.6 0.6 1.1 433 433 0 0 0 NA 0.0 0 0 
29.7 0.45 0.8 336 336 0 0 0 NA 0.0 0 0 
29.8 0.3 0.5 240 240 0 0 0 NA 0.0 0 0 
29.9 0.15 0.3 144 144 0 0 0 NA 0.0 0 0 

30 0 0.0 48 48 0 0 0 NA 0.0 0 0 

4099523 3910019 189504 7221209 7221209 189504 
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REFERENCE 3-1 

American Institute of Steel Constmction, Inc., 1980, Manual of Steel Construction. 
8th Edition. 
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•f' i '
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- 1 — 1 — , 

d 	 5 X T HP SHAPES 
; 
[. -

11 ^ ^ * Dimensions 
Y k 

b, 

Web riangt Distance 

Area Depth 
Desifration A d Thickness Width Thickness 

* i 
^1 

ln.2 	 In. In. In. In. In. 

I HP 14x117 
xl02 
X 89 
X 73 

34.4 
30.0 
26.1 
21.4 

14.21 
14.01 
13.83 
13.61 

14V« 
14 

1 3  ̂  

0.805 
0.705 
0.615 
0.505 

% 
% 

'A. 
% 
\* 
V« 

14.885 
14.785 
14.695 
14.585 

14% 
14% 
14% 
14% 

0.805 
0.705 
0.615 
0.505 

'%. 
"A. 
% 
% 

1 1  % I 
1 1  % 
1 1  % 
1 1  % 

1% 
1% 
1 % . 
1 % . 

1 % . 
1 

% 

I HP 13x100 

X 87 

X 73 

X 60 

29.4 
25.5 
21.6 
17.5 

13.15 
12.95 
12.75 
i r54 

1 3 % 
13 
12% 
12% 

0.765 
0.665 
0.565 
0.460 

%• 

'At 

\ 
\ 
\ * 
% 

13.205 
13.105 
13.005 
12.900 

13% 
13% 
13 
12% 

0.765 
0.665 
0.565 
0.460 

% 
'%. 
%. 
'A* 

10% 
10% 
10% 
10% 

I ' A . 
1 % 
1 % 
1% % 

1HP12X 84 
X 74 
X 6  3 
X 53 

24.6 
21.8 
18.4 
15.5 

12.28 

12.13 

11.94 

11.78 

12V» 

12% 

12 

1 1  % 

0.685 
0.605 
0.515 
0.435 

» % . 

\ 
Ht 

\ 
%• 
% 

12.295 
12.215 
12.125 
12.045 

12% 
12% 
12% 
12 

0.685 
0.610 
0.515 
0.435 

«%.! 
% 
% 
%• 

9 % 
9% 
»% 
9 % 

1 % 
l ^  i 
1 % 
1 % 

% 
% 

I H P lOx 57 16.8 9.99 10 0.565 ^ . 10.225 lOVa 0.565 %. 7% 1 % . 
X 42 12.4 9.70 9% 0.415 10.075 10% 0.420 7% 1 % . % 

'A* 
I HP 8x 36 10.6 8.02 0.445 8.155 «% 0.445 6% '̂ •1 % 

'A . 
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"Sketch" plates (i.e., plates whose dimensions and cuts are detailed), exclusive 
of those with re-entrant cuts, can be supplied by most mills by shearing or gas cutting, 
depending on thickness. 

"Full circles" are also available, either by shearing up to 1 in. thickness, or by gas 
cutting for heavier gages. 

Invoicing 

Standard practice is to invoice plates to the fabricator at theoretical weight at 
point of shipment. Permissible variations in weight are in accordance with the tables 
of ASTM Specification A6. 

All sketch plates, including circles, are invoiced at theoretical weight and, except 
as noted, are subject to the same weight variations as apply to rectangular plates. Odd 
shapes in most instances require gas cutting, for which gas cutting extras are appli
cable. 

All plates ordered gas cut for whatever reason, or beyond published shearing limits, 
take extras for gas cutting in addition to all other extras. Rolled steel bearing plates 
are often gas cut to prevent distortion due to shearing but would also take the regular 
extra for the thickness involved. 

Extras for thickness, width, length, cutting, quality and quantity, etc., which are 
added to the base price of plates, are subject to revision, and should be obtained by 
inquiry to the producer. The foregoing general statements are made as a guide toward 
economy in design. 

FLOOR PLATES 

Floor plates having raised patterns are available from several mills, each offering 
their own style of surface projections and in a variety of widths, thicknesses, and 
lengths. A maximum width of 96 in. and a maximum thickness of 1 in. are available, 
but availability of matching widths, thicknesses, and lengths should be checked with 
the producer. Floor plates are generally not specified to chemical composition limits 
or mechanical property requirements; a commercial grade of carbon steel is furnished. 
However, when strength or corrosion resistance is a consideration, raised pattern floor 
plates are procurable in any of the regular steel specifications. As in the case of plain 
plates, the individual manufacturers should be consulted for precise information. The 
nominal or ordered thickness is that of the flat plate, exclusive of the height of raised 
pattern. The usual weights are as foUows: 

THEORETICAL WEIGHTS OF ROLLED FLOOR PLATES 

TheoretKal Theoretical Theoretical 
Oaute Weight per Nominal We«htper Nominal Wei|ht per 
'No. So. Ft.. Thickness. Sq.fL, Thickness. Sq. ft., 

lb. In. Lb. In. Lb. 
18 2.40 % 6.16 % 21.47 

16 3.00 ^u 8.71 ^ 1  . 24.02 
14 3.75 % 11.26 ^ 26.58 

13 4.50 Vu 13.81 % 31.68 

12 5.25 % 16.37 I % 36.78 

'/u 18.92 1 41.89 

Note: Thickness is measured near t t ie edge of t t ie plate, exclusive of raised pat tern . 

AMERICAN INSTITUTE O F STEEL C O N S T R U C T I O N 
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REDUCTION FACTORS FOR TABULATED DEFLECTION CONSTANT. D  c 

Unbraced length. Lh Compact Non-compact 

L e i L i 1.0 

Fy = 36 ksi 


22 22 i,u > Lfc > Lf 
24 

L ^ i L t 1.0 

Fy-SOksi 
 30 

L u i . L t , > U 33 

* The value of Ft is 24 ksi for Fy » 36 ksi, 30 ksi for Fy = 50 ksi, or computed from 
AISC Specification Formula (1.5-5a). 

The live load deflection of floor beams supporting plastered ceilings should be 
limited to not more than Vseo of the span length. This limit is generally not reached 
for these span lengths until the ratio of live load to dead load is approximately 1.0. 

Deflection constants are not tabulated for angles included in the tables. When 
required, they may be calculated from the general expression for deflection given 
above. 

CONCENTRATED LOAD CONDITIONS 

The load tables are also applicable to laterally supported simple beams with equal 
concentrated loads spaced as shown in the table of concentrated load equivalents, pg. 
2-113. Except for spans where shear controls the design, the tables may be entered 
with a uniform load constant equal to the equivalent uniform load times the span. For 
span lengths less than Lu, beam capacity is limited by shear in the web. For this case, 
the sum of the concentrated loads must be equal to or less than 2 V. 

Deflection constants listed in the tables must be multiplied by the appropriate 
deflection coefficient to determine the concentrated load deflection. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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BEAMS 


Design of bearing plates 


When a beam is supported by a masonry wall or pilaster, it is essential that the 
beam reaction be distributed over an area sufficient to keep the average pressure on 
the masonry within allowable limits. In the absence of code provisions, an allowable 
Fp , depending on the type of construction, may be selected from AISC Specification 
Section 1.5.5. 

The following method of design is recommended for most masonry.* 

R ™ Reaction of beam, kips 
Anchor as required- A » B X N » Area of plate, square 

inches 
Fb ^ Allowable bending stress in 

plate, ksi 
N +  k Fp s Allowable bearing pressure on 

support, ksi 
fp * Actual bearing pressure on 

support, ksi 
f / f / 7 / /  ; k " Distance from bottom of beam 

to web toe of fillet, inches 
N (from

bles) 
 beam dimension ta

t " Thickness of plate, inches 

The beam reaction, R, is assumed to be uniformly distributed to the plate over the 
area N X2k. The bearing plate is assumed to distribute this load uniformly over the 
masonry support. 

Calculate minimum bearing length N, based on web crippling by rearranging AISC 
Specification Formula (1.10-9). 

N- — k 
O.lbFy X web thickness 

Establish Fb , ksi and Fp , ksi. 


Determine the required area, A > RIFp , square inches. 


Establish N and solve for B •> A/N. The length of bearing, N, is usually governed by 

the available wall thickness or some other structural consideration. B and N should 

preferably be in full inches, and 6 rounded off so that B  x N > A. 


Determine the actual bearing pressure, fp * RKB X N). 


Determine n > (B/2) — k and, using the actual fp , solve for t in the formula: 


* For concrete supports where th« bearing plate does not cover the full concrete area, see 
Example 2. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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BEAM DIAGRAMS AND FORMULAS 

For various static loading conditions 
For meaning of symlwls. see page 2-111. 

1.	 SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD 


Total Equhi. UnHerm Load 


ml
R - V 

,11111111111111, 	 ' T 
V , '(i-«)4-i-f M max. ( at osntar 1 iWt rurn^ ̂

^ m i l l «.	 -^(/-x, 
I ml* 

Amax. (( at eantaateantarr ^ . . . 
•an r 

' ?7ir (/* —2ti>-f I*)Ax'^Miin^ 
2.	 SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO ONE END 


Total l^uhi . UnHonii Load . . 
 •Vs 
Ri - Vt w 

' X 
It, I f «8 R» - Vi 	 2W 

^•.eTT4l—• V« w
S

 w«« 
1* 

v;IITTTrrm -^q^T'T •••"•«-(«*«-7f-••"«) ~ L  .12it W( 

W« 
i l» 

Wx" itoi!l<* («»*-«''*«»+W 

3. SIMPLE BEAM—LOAD INCREASING UNIFORMLY TO CENTER 

- I J Total Uuhf.Uf iHonn Load  " ̂  

WR - V 
T 

V, ( w h a i i x < 0 

w/M max. ( at omtar j 

Mx (whan X < 

w<»amax. ( ataantar ^ffl M 	
i) 

ai ^wliM I < -« J 
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5 18 • AISC Specifuatiiin (Effvitiue l l / l / 'S) 

Specification for Mild Steel Covered Arc-Weldinn Electrndea AWS 
A5.1 

Specification for Low-Allov Steel Covered Arc-Welding Electrodes 
AWS A5.5 

Specification for Rare Mild Steel Electrodes and Fluxes for Sub
merged-Arc Welding, AWS A5.17 

Specification for Mild Steel Electrodes for Gas Metal-Arc Welding 
AWSA5.18 

Specification for Mild Steel Electrodes for Flux-Cored Arc Welding, 
AWS A5.20 

Specification for Rare Low-Alloy Steel Electrodes and Fluxes for 
Submerged Arc Welding, AWS A5.23 

Manufacturer's certification shall constitute sufficient evidence of con
formity with the specifications. 

1.4.6 Stud Shear Connectors 
Steel stud shear connectors shall conform to the requirements of Articles 4.26 

and 4.27, Structural Welding Code, AWS Dl.1-77, of the American Welding 
Society. 

Manufacturer's certification shall constitute sufficient evidence of conformity 
with the code. 

SECTION 1^ ALLOWABLE STRESSES* 

Except as provided in Secte. 1.6, 1.7, 1.10, 1.11, 1.16.4, and in Part 2, all 
components of the structure shall be so proportioned that the stress, in kips per 
square inch, shall not exceed the following values, except as rounded off in Ap
pendix A. See Appendix D for allowable stresses for web-tapered members. 

1.5.1 Structural Steel 

1.5.1.1	 Tension 

Except for pin-connected members, Ft shall not exceed 0.60Fv on the gross 
area nor O.bOFu on the effective net area.** 

For pin-connected members: Ft = 0.45Fv on the net area.** 

For tension on threaded parts: See Table 1.5.2.1 

1.5.1.2 Shear^ 

1.5.1.2.1 Except as provided in Sects. 1.5.1.2.2 and 1.10.5.2, on the cross-
sectional area effective in resisting shear. 

F, = 0.40f V 

The effective area in resisting shear of rolled and fabricated shapes may be taken 
as the overall depth times the web thickness. 

* See Appendix A for tables of numerical values for various gtadta of steel corresponding to 
provisions of this Section. 


** For determination of effective net area, see Sect. 1.14. 

* See CommentarA-.Swt. I..">.l,-J. 

-f 
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5 20 • AISC Sptcifictttion(Effeetivt n/1/78) 

1.5.1.4 Bending 
1.5.1.4.1 Tension and compression on extremefibers of compact hot-rolled 

or built-up members (except hybrid girders and members of A514 steel) sym
metrical about, and loaded in, the plane of their minor axis and meeting the re
quirements of this section: 

Fb « OMFy 

In order to qualify under this section, a member must meet the following 
requirements: 

1.	 Theflanges shall be continuously connected to the web or webs. 
2.	 The width-thickness ratio of unstiffened projecting elements of the 

compression flange, as defined in Sect. 1.9.1.1, shall not exceed 
. 65/V77. 

3.	 The width-thickmas ratio of stiffened elements of the compression flange, 
as defined in Sect 1.9.2.1. shall not exceed 190/v77 • 

4.	 The depth-thickness ratio of the web or webs shall not exceed the value 
given by Formula (1.5-4*) ot (1.5-4b), as applicable. 

,d/t - ^ (1-3.74 ^  ) when/./F, S 0.16 (1.5-4a) /AX
/ .* y 
H \ p  y d/t" 2&l/y/F̂  when /./Fy > 0.16 (1.5-4b) 
*) 5. The laterally unsupported length of the ooffipreaskm flange of members 

other than circular or box members shall not exceed the value 
766/ 20,000 
VI7 °*" (d/Af)F, 

6.	 The laterally unsupported length of the compression flange of a box-
shaped member of rectangular cross section whose depth is not more thaa 
6 times the width and whose flange thickness is not more than 2 times 
the web thickness shall not exceed the value 

except that it need not be less than I200(b/Fy). 

7.	 The diameter-thickness ratio of hollow circular sections shall not exceed 
3300/Fy. 

Elxcept for hybrid girders and members of A514 steel, beams and girders 
(including members desipied on th* bans of composite action) which meat the 
requirements of subparagraph* 1 through 7, above, and are continuous over 
supports or are rigidlyfiramed to columns by means of rivets, high-strength bolts, 
(tfwdds. may be proportioped for ̂ o<rf the negative moments produced by gravity 
loading which aw maiimiwn at points ofsupport, provided that, for such members, 
the maximum positive moment sh*ll be increased by '^o of the average negative 
moments. This reductirai shall not apply to moments produced by loadiiag 00 
cantilevers. If tbtoegativs moment is resisted by a column rigidly ftamed to ths 
beam w girder, the ^0 nduction may be used in proportioning the colunm for th* 
combin*d *zial and bending loading, provided that the stress, / • , due to any 
concurrent axial load on the member, does not exceed O-ISF.. 

FO ; v . A ^ •  ' V 
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REFERENCE 3-2 

American Concrete Institute, Building Code Requirements for Reinforced Concrete 
AC! 318-83. Revised 1986. 
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318-42 	 ACI STANDARD 


10.14.7.1 - Specified compressive strength of 
concrete f̂  shall be not less than 25(X) psi. 

10.14.7.2-Design yield strength of structural 
steel core shall be the specified minimum yield 
strength for grade of structural steel used but not to 
exceed 50,000 psi. 

10.14.7.3 - Spiral reinforcement shall confonn to 
Section 10.9.3. 

10.14.7.4. - Longitudinal bars located within the 
spiral shall be not less than 0.01 nor more than 0.08 
times net area of concrete section. 

10.14.7.5-Longitudinal bars located within the 
spiral may be considered In computing At and /^ 

10.14.8 -	 Tie reinforcement around structural 
steel core 

A composite member with laterally tied concrete 
around a structural steel core shall conform to the 
following. 

10.14.8.1-Specified compressive strength of 
concrete fc shall be not less than 2500 psi. 

10.14.8.2-Design yield strength of structural 
steel core shall be the specified minimum yield 
strength for grade of structural steel used but not to 
exceed 50,000 psi. 

10.14.8.3-Lateral ties shall extend completely 
around the structural steel core. 

10.14.8.4-Lateral ties shall have a diameter 
not less than 1/50 times the greatest side dimension 

of composite member, except that ties shall not 
be smaller than #3 and need not be larger than 
#5. Welded wire fabric of equivalent area may be 
used. 

10.14.8.5 - Vertical spacing of lateral ties shall not 
exceed 16 longitudinal bar diameters, 48 tie bar di
ameters, or 1/2 times the least side dimension of the 
composite member. 

10.14.8.6 - Longitudinal bars located within the 
ties shall be not less than 0.01 nor more than 0.08 
times net area of concrete section. 

10.14.8.7-A longitudinal bar shall be located at 
every corner of a rectangular cross section, with 
other longitudinal bars spaced not farther apart than 
one-half the least side dimension of the composite 
memljer. 

10.14.8.8-Longitudinal bars located within the 
ties may be considered in computing A, for strength 
but not in computing /(for evaluation of slenderness 
effects. 

10.15 -	 Bear ing s t rength 

10.15.1 - Design bearing strength on concrete shall 
not exceed 4>{0.95feAi), except when the supporting 
surface is wider on all sides than the loaded area, 
design bearing strength on the loaded area may be 
multiplied by VAj /A i but not more than 2. 

10.15.2-Section 10.15 does not apply to post-
tensioning anchorages. 

: L;_i i~ i 
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Chapter 2: Estimating runoff 


SCS Runoff Curve Number method 

The SCS Runoff Curve Number (CN) method is 
described in detaU in NEH-4 (SCS 1985). The SCS 
ninoff equation is 

( P - I J 2 
[Eq. 2-11 

(P - I|J -H S 

where 

Q = runofif (in), 
p = rainfall (in), 

potential maximum retention after runofif 
S = begins (in), and 

initial abstraction (in). 
I . = 

Initial abstraction da) is all losses before runoff 
begins. It includes water retained in surface 
depressions, water intercepted by vegetation, 
evaporation, and infiltration. Ig is h i ^  y variable but 
generaUy is correlated with soil and cover 
parameters. Through studies of many small 
agricultural watersheds, I  , was found to be 
approximated by the foUowing empirical equation: 

I . -0 .2S . [Eq. 2-2] 

Bji removing I^ as an independent parameter, this 
approximation allows use of a combination of S and P 
to produce a unique runofif amount. Substituting 
equation 2-2 into equation 2-1 gives 

Q . (P-0.2S)g [Eq. 2-3] 
(P +0.8S) 

S is related to the soil and cover conditions of the 
watershed through the CN. CN has a range of 0 to 
100, and S is related to CN by 

10. [Eq. 241 

Figure 2-1 and table 2-1 solve equations 2-3 and 2-4 
for a range of CN's and rainfaU. 

FOR REFEREI^CE ONLY 


Factors considered in determining 
runoff curve numbers 

The major factors that determine CN are the 
hydrologic soil group (HSG), cover type, treatment, 
hydrologic condition, and antecedent runoff condition 
(ARC). Another factor considered is whether 
impervious areas outlet directly to the drainage 
system (connected) or whether the flow spreads over 
pervious areas before entering the drainage system 
(unconnected). Figure 2-2 is provided to aid in 
selecting the appropriate flgure or table for 
determining curve numbers. 

CN's in table 2-2 (a to d) represent average 
antecedent runofif condition for urban, cultivated 
agricultural, other agricultural, and arid and semiarid 
rangeland uses. Table 2-2 assumes impervious areas 
are directly connected. The following sections explain 
how to determine CN's and how to modify them for 
urban conditions. 

Hydrologic soil groups 

InfQtration rates of soila vary widely and are affected 
by subsurface permeability as well as surface intake 
rates. Soils are classified into four HSG's (A, B, C. 
and D) according to their minimum infiltration rate, 
which is obtained for bare soil after prolonged 
wetting. Appendix A defines the four groups and 
provides a list of most of the soils in the United 
States and their group classification. The soils in the 
area of interest may be identified from a soil survey 
report, which can be obtained from local SCS offices 
or soO and water conservation district offices. 

Most urban areas are only partially covered by 
impervious surfaces: the soil remains an important 
factor in runofif estimates. Urbanization has a greater 
efifect on nmofif in watersheds with soils having high 
infiltration rates (sands and gravels) than in 
watersheds predominantly of silts and clays, which 
generaUy have low infUtration rates. 

Any disturt>ance of a soO profile can significantly 
change its infUtration characteristics. With 
urbanization, native soQ profiles may be mixed or 
removed or fiU material from other areas may be 
introduced. Therefore, a method based on soil 

(210-VI-TR-55,, Second Ed., June 1986) 21 



Chapter 4: Graphical Peak Discharge method 


This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20, "Computer 
Program for Project Formulation—Hydrology" (SCS 
1983). The peak discharge equation used is 

 peak disciiarge (cfs); % 

qp = quAmQFp [Eq. 4-1] 

where 

=
qu = unit peak discharge (csm/in); 

Am = drainage area (mi^); 
Q = runoff (in); and 

Fn = pond and swamp adjustment factor. 

The input requirements for the Graphical method are 
as foUows: (1) Tc (hr), (2) drainage area (mi2), (3) 
appropriate rainifaU distribution (I, IA, II, or III), (4) 
24-hour rainfaU (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are 
not considered in the Tc computation, an adjustment 
for pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the 24-hour rainfall 
(P) is obtained from appendix B or more detailed 
local precipitation maps. CN and total runoff (Q) for 
the watershed are computed according to the 
methods outlined in chapter 2. The CN is used to 
determine the initial abstraction (IJ from table 4-1. 
I^/P is then computed. 

If the computed I  ̂  ratio is outside the range shown 
in exhibit 4 (4-1, 4-IA, 4-II, and 4-III) for the rainfall 
distribution of interest, then the Umiting value 
should be used. If the ratio faUs between the limiting 
values, use linear interpolation. Figure 4-1 Ulustrates 
the sensitivity of I^/P to CN and P. 

Peak discharge per square mile per inch of runoff 
(q j is obtained from exhibit 4-1, 4-IA, 4-II, or 4-III 
by using Tc (chapter 3), rainfall (Ustribution type, and 
I JP ratio. The pond and swamp adjustment factor is 
obtained from table 4-2 (rounded to the nearest table 
value). Use worksheet 4 in a|)i>en(li.x D to aid in 
computing the })eak dlschanre using the Graphical 
methofl. 

T 
J 9 U 

K t t n f a l l ( r ) . I n c M l 

Figure 4-l.-Vanation of IJV for P and CN. 

Table 4-1.-^l, values for runoff curve numbers 

Curve I . Cur%e I . 
number (in) number (in) 

40 3.000 70 0.857 
41 2.878 71 0.817 
42 2.762 72 0.778 
43 2.651 T3 0.740 
44 2.545 74 0.703 
45 2.444 75 0.6<57 
4i> 2.348 76 0.632 
47 2.255 77 0.597 
48 2.167 78 0.5(W 
49 2.082 79 0.532 
50 2.000 80 0.500 
51 1.922 81 0.469 
52 1.846 82 0.439 
5;J 1.774 8.S 0.410 
54 1.704 84 0.381 
55 1.636 85 0.35;J 
5<> 1.571 m 0.326 
57 1.509 87 0J>S)9 
58 1.448 88 OJiTi 
59 1.390 89 0.247 
60 i.33:i fK) 0 ' »  J 
61 1.27!) 91 0.198 
62 i j a  j 92 0.174 
6:) 1.175 93 0.151 
64 1.125 94 0.128 
(i5 1.077 95 0.1(k-> 
(M; i.aM iN> O.O.S.S 
67 0.JW5 97 O.W52 
68 0.()41 98 0.041 
(i9 0.899 

I 
(210-VI-TR-55, Second Ed.. June 1986) 
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Exhibit 5-III, continued: Tabular hydrograph unit discharges (csm/in) for type III rainfall distribution 

TtVL - HTDRCGIItrH TIHf (HOU«S) 
TIHC 11.3 1 1 .  • 12.1 12 12.S 12.7 11.0 1S.« U.I U.J 1S.0 16.0 17.0 11.0 20.0 26.0 
(MR)I I .O 11.« 12.0 12.2 12.4 12.4 12 .1 1).2 II.« U.} 17.J 19.0 22.0 u.o u.« n.s 


I«/P 0.10 * • * TC '2.0 H* 	 U/» • 0.10 

• - • 

0.0 11 1 19 21 23 27 «• « 7 1 129 144 117 200 191 171 147 119 92 69 SS 43 37 31 24 2 14 3 
.10 10 1 17 It 20 22 3* 4 S t 101 139 170 119 197 111 163 132 101 7$ 39 47 39 33 21 2 17 3 
.20 10 1 16 1« t* 21 )I 4 SO 2 3 129 162 l a i 19 i 190 16» 137 104 77 40 41 40 33 21 2 17 4 
.30 « 1 IS 17 It 20 31 3 4 4 S 120 1S4 179 193 191 172 142 101 • 0 62 49 41 34 .29 2 17 

.40 14 IS U II 2S 2 3 2 4 94 129 161 113 192 183 1S7 120 17 66 SI 43 34 SO 2 17 S 


.30 13 14 14 17 23 2 3 t I 17 121 1S3 177 191 Its 162 124 90 61 S4 44 34 31 2 II $ 


.73 11 12 13 14 II 20 2 4 7 SS II 113 144 169 186 179 147 106 71 61 49 40 31 2 19 4 

1.0 9 10	 11 12 IS 1 1 0 7 31 34 12 113 143 176 183 164 121 II 47 33 43 34 2 20 7 


1.3 	 10 12 S II 23 31 4S 6S 104 141 180 166 126 92 49 SS 44 3 23 9 

2.0 6 t 0 12 14 II 23 31 S2 87 139 174 140 122 90 48 34 3 26 10 

?.S 4 S 4 7 9 11 IS 14 22 34 71 132 172 141 124 94 71 4 31 11 

3.0 	 2 3 4 S 4 7 9 10 14 19 33 78 134 168 1S4 123 92 S 36 
 n
• -•

- 0.30 • • * TC •2.0 HR 	 I4/P - 0.30 
u/r 	
"• • •

0.0 0 0 0 0 0 1 11 41 7S 111 140 139 170 163 143 124 103 84 70 60 31 44 39 ] 2S 20 I, 
.10 0 0 0 0 0 0 4 24 SO 14 111 143 160 167 ISS 134 110 19 74 63 34 46 40 3 23 20 S 
.20 0 0 0 0 0 0 0 I 20 43 76 110 131 1S7 163 137 131 113 91 73 64 SS 47 41 3 26 20 S 
.30 0 0 0 0 0 0 0 3 17 SI 41 101 131 1S2 164 139 141 116 93 77 63 36 48 41 I 26 20 6 

.40 0 0 0 0 0 0 0 0 1 8 22 4S 76 109 137 ISS 163 131 12S 99 81 69 38 SO 43 ] 26 20 7 


.«0 0 0 0 0 0 0 0 0 0 1 7 II 39 69 101 130 131 162 1S3 128 101 83 27 20 7
69 39 31 44 I 


.75 0 0 0 0 0 0 0 0 0 0 0 2 6 17 36 63 93 122 ISl M l 143 114 92 	 26 1 1 T76 64 33 47 3 

1.0 0 0 0 0 0 0 0 0 0 0 0 0 2 7 18 37 63 93 132 137 133 123 100 82 	 29 21 11 
68 38 SO J 


l.S 0 0 0 0 0 0 0 0 0 0 0 1 4 12 26 S9 ICO 142 1S4 128 1C2 83 70 S9 4 34 23 15 
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RAPIDLY V A : R I E D FLOW 

nappe profile becomes essentially a function of the Froude number rather 
than a function of the boundary geometry as described above [4, p. 533]. 

Many experimental formulas for the discharge over sharp-crested weir 
have been developed.* Most such formulas can be expressed in the 
general form.* 

Q « CLm* (14-9) 

where C is the discharge coefficient, L is the effective length of the weir 
crest, and H is the measured head above the crest, excluding the velocity 
head. The effective length of the weir may be computed by 

L = L' - O.INH (14-10) 

where L' is the measured length of the crest and N is the number of con
tractions. For two end contractions, N ^=2. For one end contraction, 
N ™ \. When no contractions are present at the two ends, N — 0. 

According to a well-known weir formula of Rehbock [10], the coefficient 
C in Eq. (14-9) is approximately 

C = 3.27 + 0.40 ^ (14-11) 

where h is the height of weir. Measurements by Rouse [4, p. 532] indi
cate that this equation holds up to H/h = 5 but can be extended to 
H/h = 10 with fair approximation. For H/h greater than about 15, the 
weir becomes a sill, and the discharge is controlled by a critical section 
immediately upstream from the sill. The critical depth of the section is 
approximately equal to H + h. By the critical depth-discharge rela
tionship, it can be shown that the coefficient C is 

5.68 (-r (14-12) 

The transition between weir and sill (between H/h = 10 and 15), how
ever, has not yet been clearly defined. 

Experiments have shown that the coefficient C in Eq. (14-9) remains 
approximately constant for sharp-crested weirs under varying heads if 
the nappe is aerated. 

14-2. Aeration of the Nappe. In the preceding article the overfalling 
nappe is considered aerated; that is, the upper and lower nappe surfaces 
are subject to full atmospheric pressure. Insufficient aeration below the 

' For a general deacription of sharp-crested-weir experiments and form jlas, see [6]. 
For further studies of the discharge cbaruteristics of sharp-crested weirs, see [7] 
and (8). 

' T h e derivation of a theoretical weir-discharge formuln can be found in many 
hydraulics textbooks. The first mathematical analysis on discharge ot weirs was 
performed by Botiasinesq [9]. 
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4.0 EXCAVATION VOLUME 


In order to design the final cap contours, It was necessary to first determine the amount 

of asbestos material that will be excavated. The eisbestos material will be excavated 

from various locations and transported to the containment area. The amount of asbestos 

material to be excavated from each location was estimated independently using 

sampling infomnation from previous investigations. 

The basic approach used to estimate the excavation volume was to determine both the 

horizontal and vertical extent of the sisbestos material located in each area as indicated 

in the corresponding soil samples. The in-situ excavation volume was then computed 

by multiplying the horizontal area by the vertical depth of asbestos material. Since the 

material will experience a relief in pressure after being excavated, the volume will 

increase. A percentage of the increase in volume will be offset once the material has 

been placed in the designated containment area and lightiy compacted by vehicular 

traffic. The final excavation estimate cedculated was 10,550 cubic yards. 
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Location 

Desianation 


Lots 1235-3 and 

1275-6 


Gleason Court 
(Lot 1232-2) 

Vacant Lot 
(Lot 1232-lA) 

Oriando Property 
(Lots 1245-8 and 
1245-9) 

Cosmec/RR Easement 
(Lot 1275-5) 

Jacobsen Movers 

0^ .5 , R-6 

NA-4.5, LA-6.5 


Soutii Cosmec 
Building 
L-1.5 
MW-13 

Asbestos Pile 


West Concrete Pad 
(H-4, HA-35) 

Area Between Vacant 
Building/South Street 
{LA-7) 

Area West of Vacant 
Building 

Area Near Garage 
(M-12) 

Southwest River 
Location (F-16) 

Mill Tail Race 

4'/ EXCAVATION VOLUME 
OF ASBESTOS CONTAINING SOILS 


SOUTH STREET SITE 

WALPOLE, MASSACHUSETTS 


Canonie Area Depth 
Drawina No. (sqftl m. 
89-223-E50 1,520 1 

Revision 1 


89-223-E51 870 0.5 
Revision 1 1,240 5 (avg) 

89-223-E53 2,500 3 

Revision 1 


89-223-E54 24,980 3 

Revision 1 


89-223-E49 16,060 3 

Revision 1 


89-223-E59 

Revision 1 50 1 


50 3 


89-223-E59 
Revision 1 


25 3 

25 4 


Cone Shape Pile 

89-223-E59 50 3 

Revision 1 


89-223-E60 25 1 

Revision 1 


89-223-E60 16,050 1 

Revision 1 


89-223-E60 25 1 

Revision 1 


89-223-E60 25 1 

Revision 1 


89-223-E60 6,900 4 

Revision 1 


TOTAL 

In-Situ 
Excavation 

Volume 
(cuft) 

1,520 

435 

6,200 


7,500 


74,940 

48,180 

50 

150 


75 

100 


150 


25 


16,050 


25 


25 


27,600 


In-SItu 

Excavation 


Volume 

(cu yd). 


56 


16 

230 


278 


2,776 


1,784 


2 

6 


3 

4 


250 


6 


1 


594 


1 


1 


1.022 


7,030 


Backfill volume without heavy compaction = In-situ excavation volume plus 25% bulking 
factor = 7,030 x 1.25 » 8,788 cubic yards. Add 20 percent for excess excavation material = 
8,788x1.20 - 10.595 cubic yards, say 10,550 cubic y a r d s ^ a n ^ l g g j ^ j j ^ j ^ ^ ^ j 

http:8,788x1.20
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COSMEC BUILDING 

N O T F S 

1 SOL B o n n e s IIEIIC TAKEN AS PAKT OF T K M f l M . SITE 
ASSESSMENT INVESTnATION (JANUARV 17. 1»8« TO 
APftL 7, 1989). SQ«. SAMPtES •ERE ANALYTEO FOR 

APPnOXMATE ON-rAauTT BOUNMRY ASBESTOS AT (T TO r AMD a  ̂  TD X  f DEPTTH INTERVALS 

2. S04. BOftNGS WERE TAKEN AS PART OF A SUPPLEMENTARY 
NvEsncAnoN ( j u > c T . i 9 W T D J U N E y y 1990). S O I L 
SAMPLES HERE AHALTZED FOR ASBESTOS AT (  f TOff AND 

APPR0XHA7E UWTS OF EXCAVATION 

ANTiaPATCO EXCLUSION 2 0 «  / 24 ' TO X T OCPTH MTERVALS. 
TEHPORAirr FENCE 

3 SOIL BORINCS K H K  H ARE NOT FLACCCD MTH TME DE5ICNATI0N 
COSMEC BUILDING/RAILROAD EASEMENT ACS DO NOT CONTAIN SOILS RCOUmNC RCMEOHTION THROUGH SOL eOHMQ (SEE NOTE 1) « THIS REMOVAL ACTKM. 

EXCAVATION PLAN 
SUPfUHEHTAI. s o t . BOmNG 
( s e  t NOIE 2) SOUTH STREET SITE, WALPOLE. MA 

PREPARED FOR 
SOIL aOAMC (SEC HOTt 4) 
PflE-COHSTRUCnON SMPUNG 

SOUTH STREET SITE 
ASeCSTOS-COHrAMtlC SOLS 

TO K AOWtSSCD M THE 

DEMOUAL ACT10H PRPs 
(SEE NOTE 3) 

lOT CanoiiieEnvircnmenial 
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SSUE / RCVISIOII a m . wt o r o wf A^T m 
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LEGEND: 

— FENCE 

^ ^ ^ — ^  — APPKJXMATt OH-FACILITY BOUNQUTY 

APPROXMAlt LMT Of EXCAVAltON 

LOT NUMBER 

URCCTlON o  r FLOW 

SOL BORNC (SEE NOFE 1) 

SUPn.CM[HTAL SON. BORING (SFE MOTC 3) 

PSE-COWSmuCTION SAMPUNG SO*. 
BOAHG {SO. HOTl 4) 

ASBESTOS-COMTAMNG SOILS TO BE AOORESSCD 
M THE REMOVAL ACTION 
(SEE NOTE 3) 

NOTES: 
1 SOV. BOnNCS WCftC TAKEN AS PART OT TME INffUL SITE 

ASSESSMENT IMASTKUTKM (JANUARY 17, lOSg TO 
A P M . 7, t M 9 ) . SOL SMTLES WERE ANALYZED FOR 
ASKSTOS AT ( f TO tf* AND 24* TO X T DCPTH MTERVALS. 

2.	 SON. BOMNCS M R  E I A K C  N AS PART OF A SUPPLfhCNlARY 
NVESTCATION (JUNE 7, I f t M TO JUNE M , 1»90). SOL 
SAMPLES WRE AMALY7ED FOR ASBESTOS AT (T TO (T A*C 
24  ' TO y  r [>EPTH »nERVALS 

3.	 SOi . BORINCS VMCH ARE NOT FLACOED WIT>4 THE DE5CIMTI0N 
ACS DO NOT CONTAIN SOILS REOUIRINC REMEDIATION THROUGH 
THIS REMOVAL ACTION 

® 
 LOTS 1235-3 AND 1275-6 

EXCAVATION PLAN 


SOLfTH STREET SITE. WALPOLE. MA 

PREPARED FOf i 

SOUTH STREET SITE 
PRPs 
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EASCMCNT 

APWWKMAH EKCAWATtQN SOLffH Qf 

HOUSE ON O B f i O N COUWT LOT 

SECTION A-A' 

• ^ 
UMIT OF EXCAVMTXm 1 i 
/WnCfWTED EXCIUSIOM ZONE/ 
T E M P O M n F T K E Co ; 
LOT HUIOCII I'"-'I 

• SOI. K M M : (SEE NOTE 1) 

PRE-CONSn)UCTK)N SAHPUNC SOIL 
BORNC (SEE NOIE 1) 

•'^' 
MKSTOS-CONTAI ia iC SOCS To BE AOORESSEO 
M TTC REMOVAL ACTION (SE£ NOTE 2 AND 3) 

1 s o  u BORWCS WERE TAKEN AS PART OF TNE WITW. SnE 
ASSESSMENT tlVCSnCATIDN (JAMUART 17, 1909 TO 

~ 1969). SOI . SAA»t£S WERE AHALYZEO FDW 
ASBESTOS1 I A I «• TO < • A W 2 4 '̂   TO 3 ( r DEPTH MTERSVLS. 

. SOtL BORttCS WMCH ARE fCT FLACGED WITH IHE DCSOMINW 
ACS OO NOT CONTAIN S O  U REOURINC REWDMtlKM THROUCH 
THS REMOVAL ACTMN. 

GLEASON COURT (LOT 1232-2) 

EXCAVATION PLAN 
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PREPARED FOR 

SOUTH STREET SITE 
PRPs 
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APPHOxiuATt OFT-r*c<.rrY BOUHDART 

— APPROKWATE LIMIT OF EXCAVATION 

LOT NUMBER 

S0>. BORING (SEE NOTE i ) 

PRE-CONSTRUCTION SAMPUNG SWL 
eORlNC (SEE NOTE 3} 

ASBESTOS-CONTAINWC SOI.S TO B t AOORESSCD 
M THE REMCVAL ACTION (STE NOTE 2) 

MQTgS; 
1.	 SOI. BOHNCS WERE TAKEN AS PART OF T M MfTM. SITE 

ASSCSShCNT INVESTtGATIQN (jANUAfTY 17. 1989 TO 
APRt. 7. 1969 . SWL SAMPLES WERE ANALY7EI) FOR 

AT fr TO O" ANO I  f TO 3Cf DEPlH WTERVALS. 

2.	 SOC BORINGS WMCH APE NOT FLAGGED WITH THE OEStCHATlOH 
ACS DO NOT CONTNN SOILS REOUWINC REMEOWTtON THROUGH 
THIS REMOVAL ACTION, 

SOL eOMHOS WITH A y  r DEStCHATKW WERE TH^EN BY 

CANONC ON LOT I 2 3 2 - I * APRIL t l . 1991 


VACANT LOT (LOT t 2 3 2 - 1 A ) 


EXCAVATION PLAN 


SOUTH STREET SITE. WALPOLE, MA 


PREPARED FOR 


SOUTH STREET SITE 

PRPs 
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Lg(»ID: 
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- ^ ^ - . . - UUT OF EXCAVATION TO A DEPTH OF 3' 

ANTICIPATED V  a 
TEMPORARY FENC 
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I "» -« I Un NUMBED 

• s o i l K R W O (SEE NOTE 1) 

SUPPl f lCMIAI . SOU. BORMC (SEC NOTE } ) 
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eoMNC ( S a NOTE 4) 
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SAHPlES WERE ANALYZED FOR ASBESTOS AT cT TO 6" ANO 
24" TO y  f OCPTH »fTERVMLS. 
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ACS DO NOT CONTAH SOILS REOUIMNC REHCDWTION THROUGH 
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THE EXtSIINC RETAMHC D M  l S W  U BE RESULT l/TUZlNG 
TT4C OltlCIHAL STONE HATCRHL. 

ORLANDO PROPERTY 
(LOTS 1245-8 AND 1245-9) 
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LEGEND: 
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5.0 SOIL CAP DESIGN 


A final cap will be placed over the asbestos material after It has been placed in the 

containment area The cap will be composed of two layers. The lower layer will be 

clean sand and will be covered by an upper layer of topsoil to promote vegetation 

growth. The cap will be contoured to promote drainage into the Neponset River at the 

end of the pipe arch culvert. 

The purpose of the soil cap is to prevent any exposure to the asbestos material. It is not 

imperative that the cap be impermeable since asbestos is inert and will not react with 

the ground water. Therefore, the primary design criterion for the containment cap was 

the thickness. The cap thickness was designed to insure that the asbestos fibers can 

not be transported to the surface due to cyclic freezing and thawing. The cap thickness 

will provide SLifficient overburden to ensure that the asbestos material is located below 

the frost line. 

The results of the attached computer output for total frost penetration indicate a 

maximum of 26 inches frost penetration depth. To achieve the necessary depth of 

cover, the final soil cover cap design will consist of 24 inches of sand and 6 inches of 

topsoil. 

The soil cap contours will provide a total net containment volume of 10,685 cubic yards. 

This volume was achieved by limiting the height of material above the crown of the pipe 

arch culvert to six feet. If the amount of asbestos material is greater than the 

10,550 cubic yards estimated in Section 4.0, the height of material above the crown can 

be increased to 11 feet (see Sectton 2.2). 
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^-34 
PROBABIUTY OF 

YEAR DEC JAN FEB MAR AVG RANK EXCEEDANCE (%) 

1957-1958 0 6.6 23.9 12 10.6 16 53.4 

1958-1959 4.6 4.1 10.7 14.6 8.5 18 60.3 

1959-1960 5.5 10.2 2.3 22.3 10.1 17 56.9 

1960-1961' 16.9 18.7 14.9 9 14.9 3 8.6 

1961-1962 11.4 2.5 28.7 1.1 10.9 13 43.1 

1962-1963 5.3 6.5 4.6 13.6 7.5 20 67.2 

1963-1964 17.7 14.4 23.2 7.7 15.8 2 5.2 

1964-1965 12.2 22.2 4.7 9.7 12.2 8 25.9 

1965-196© 2.3 26.4 12.1 3.3 11.0 12 39.7 

1966-1967 9.9 0.5 23.5 22.9 14.2 5 15.5 

1967-1968 14.7 17.7 3.4 6.8 10.7 15 50.0 

1968-1969 5.1 0.9 41.3 6.1 13.4 7 22.4 

1969-1970 12.6 7.4 10.5 18.2 12.2 8 25.9 

1970-1971 27.9 12 8.1 7.4 13.9 6 19.0 

1971-1972 7.9 7.8 16.5 12.1 11.1 11 36.2 

1972-1973 3.3 3.6 2.5 0.3 2.4 26 87.9 

1973-1974 0 16 17.8 0.1 8.5 18 60.3 

1974-1975 3.6 2.2 17 1.8 6.2 21 70.7 

1975-1976 19.3 15 1.4 10.8 11.6 10 32.8 

1976-1977 17.2 23.2 5.9 10.7 14.3 4 12.1 

1977-1978 5.2 35.9 27.2 16.1 21.1 1 1.7 

1978-1979 5.8 10.5 6.6 0 5.7 22 74.1 

1979-1980 2 0.4 6.5 3.6 3.1 25 84.5 

1981-1981 5.6 11.9 1.9 0.5 5.0 23 77.6 

1981-1982 17.6 18 7.6 5.3 12.1 9 29.3 

1982-1983 5.5 4.7 22.3 0.2 8.2 19 63.8 

1983-1984 2.6 21.1 0.3 19 10.8 14 46.6 

1984-1985 3.7 7 10.2 3.7 6.2 21 70.7 

1985-1986 1.3 0.8 10.4 2.6 3.8 24 81.0 

%% ^ fc.'-J<-rte.«. 
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MODIFIED BERGGREN SOLUTION 

SuBinary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) <• 598 F-days 
Design Freezing Index (SURFACE) » 598 F-days 
Mean Annual Temperature » 50.4 Degrees F 
Length of Freezing Season " 67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(*) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
Of FUSION 

FREEZING INDEX DISTRIBUTION 

Each layer Accumulated 

1: Snow 

2: Course-grained 

3: Course-grained 

10.0 

6.0 

0.4 

0 

18 

10 

15 

95 

110 

End 

9.50 

28.62 

26.95 

of Frost 

0.18 

0.75 

1.20 

Penetration 

0.0 

2394.0 

1584.0 

0

568

26

 0 

 568 

 594 

TOTAL FROST PENETRATION = 16.4 inches 

CanonieEnvironmental 




MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) = 598 F-days 
Design Freezing Index (SURFACE) °> 598 F-days 
Mean Annual Temperature » 50.4 Degrees F 
Length of Freezing Season » 67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(%) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
Of FUSION 

FREEZING INDEX 

Each layer 

DISTRIBUTION 

Accumulated 

1: Snow 

2: Course-grained 

3: Course-grained 

8.0 

6.0 

2.6 

0 

18 

10 

15 

95 

110 

End of

9.50 

28.62 

26.95 

 Frost 

0.18 

0.75 

1.20 

Penetration 

0.0 

2394.0 

1584.0 

0 

453 

145 

0 

453 

598 

TOTAL FROST PENETRATION 16.6 inches 

CanonieEnvironmental 




MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) " 598 P-days 
Design Freezing Index (SURFACE) •• 598 P-days 
Mean Annual Temperature - 50.4 Degrees F 
Length of Freezing Season = 67 Days 

LAYER 
1: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(%) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
of FUSION 

FREEZING INDEX DISTRIBUTION 

Each layer Accumulated 

1: Snow 

2: Course-grained 

12.0 

5.0 

0 

18 

15 

95 

End 

9.50 

28.62 

of Frost 

0.18 

0.75 

Penetration 

0.0 

2394.0 

0

598

 0 

 598 

TOTAL FROST PENETRA TION  17.0 inches 1 

CanonieEnvironmental 




MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR)  598 F-days 
Design Freezing Index (SURFACE)  598 F-days 
Mean Annual Temperature • 50.4 Degrees F 
Length of Freezing Season = 67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(*) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
Of FUSION 

FREEZING INDEX 

Each layer 

DISTRIBUTION 

Accumulated 

1: Snow 

2: Course-grained 

3: Course-grained 

6.0 

6.0 

6.0 

0 

18 

10 

15 

95 

110 

End 

9.50 

28.62 

26.95 

Of Frost 

0.18 

0.75 

1.20 

Penetration 

0.0 

2394.0 

1584.0 

0 

337 

262 

0 

337 

599 

TOTAL FROST PENETRATION = 18.0 Inches 

CanonieEnvironmental 




MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) •> 598 F-days 
Design Freezing Index (SURFACE)  598 F-days 
Mean Annual Temperature => 50.4 Degrees F 
Length of Freezing Season > 67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(*) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
of FUSION 

FREEZING INDEX 

Each layer 

DISTRIBUTION 

Accumulated 

1: Snow 

2: Course-grained 

3: Course-grained 

6.0 

6.0 

6.0 

0 

18 

10 

15 

95 

110 

End of

9.50 

28.60 

26.95 

 Frost 

0.18 

0.75 

1.20 

Penetration 

0.0 

2394.0 

1584.0 

0 

336 

265 

0 

336 

601 

TOTAL FROST PENETRATION 18.0 inches 

CanonieEnvironmental 




\f 
A 

MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) » 598 F-days 
Design Freezing Index (SURFACE) » 299 F-days 
Mean Annual Temperature « 50.4 Degrees F 
Length of Freezing Season « 67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(%) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
of FUSION 

FREEZING INDEX 

Each layer 

DISTRIBUTION 

Accumulated 

l: Course-grained 

2: Course-grained 

6.0 

15.2 

18 

10 

95 

110 

End of

28.60 

26.95 

 Frost 

0.75 

1.20 

Penetration 

2394.0 

1584.0 

39 

259 

39 

298 

TOTAL FROST PENETRATION = 21.2 Inches 

CanonieEnvironmental 




l« 

MODIFIED BERGGREN SOLUTION 


Summary 


Weather data is from: Boston, Massachusetts 


Design Freezing Index (AIR) •> 598 F-days 

Design Freezing Index (SURFACE) «• 299 F-days 

Mean Annual Temperature - 50.4 Degrees F 

Length of Freezing Season •• 67 Days 


LAYER WATER ORY FREEZING INDEX DISTRIBUTION 
LAYER THICKNESS CONTENT DENSITY HEAT THERMAL LATENT HEAT 
#: Type (inches) (%) (pcf) CAPACITY CONDUCTIVITY of FUSION Each layer Accumulated 

1: Course-grained 6.0 18 95 28.60 0.75 2394.0 39 39 

2: Course-grained 12.0 10 110 26.95 1.20 1584.0 182 221 

3: course-grained 3.4 10 110 26.95 1.20 1584.0 79 300 

End of Frost Penetration 

TOTAL FROST PENETRATION = 21.4 inches 

CanonieEnvironmental 




MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) > 598 P-days 
Design Freezing Index (SURFACE)  598 F-days 
Mean Annual Temperature « 50.4 Degrees F 
Length of Freezing Season  67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(%) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
of FUSION 

FREEZING INDEX 

Each layer 

DISTRIBUTION 

Accumulated 

1: Snow 

2: Course-grained 

3: Course-grained 

2.0 

6.0 

18.0 

0 

18 

10 

15 

95 

110 

End of

9.50 

28.60 

26.95 

 Frost 

0.18 

0.75 

1.20 

Penetration 

0.0 

2394.0 

1584.0 

0 

127 

471 

0 

127 

598 

TOTAL FROST PENETRATION 26.0 inches 

CanonieEnvironmental 
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MODIFIED BERGGREN SOLUTION 

Summary 

Weather data is from: Boston, Massachusetts 

Design Freezing Index (AIR) > 598 F-days 
Design Freezing Index (SURFACE)  299 F-days 
Mean Annual Temperature - 50.4 Degrees F 
Length of Freezing Season  67 Days 

LAYER 
#: Type 

LAYER 
THICKNESS 
(inches) 

WATER 
CONTENT 

(%) 

DRY 
DENSITY 
(pcf) 

HEAT 
CAPACITY 

THERMAL 
CONDUCTIVITY 

LATENT HEAT 
of FUSION 

FREEZING INDEX DISTRIBUTION 

Each layer Accumulated 

1: Course-grained 

2: Course-grained 

6.0 

15.6 

18 

10 

95 

110 

End of

28.62 

26.95 

 Frost 

0.75 

1.20 

Penetration 

2394.0 

1584.0 

39

266

 39 

 305 

TOTAL FROST PENETRATION  21.6 inches y  ̂  ^ 

CanonieEnvironmental 
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ISeS Grid Based Earthworks DCA DTM 386 Ver 11.0 Pro:)ect: CAD89223 eeeee; 

o SOUt t l & t ] r 6 6 t 

Surface l: EGRND " Surface 2: FGRND » 
o o ^ ^ o 

Min. X : 666807.9218 Min. X : 666807.9218 
Min. Y : 414723.4631 Min. Y : 414723.4631;i (sA) I 
Max. X- 667339.7621 Max. X- 667338.0912 

Max. Y 415265.7581 Max. Y 415265.7581 


• Random Points; - Random Points.• 
Fault Points: - Fault Points: 

Contour Points 4581 Contour Points 3325 

Total. 4581 Total. 3325 


Min. Elev.: 145.0000 Min. Elev.: 145.0000 

Max. Elev. : 171.0000 Max. Elev. : 173.0000 

Mean Elev.: 156.9569 Mean Elev.: 159.8131 


ci&&dsddds§a^d^dadsda^a^d&ds^dddadsii&&^gd&&ddddddasssds^sd^iiasddss§^ddada^iaii&g 

•* Grid Volume Status » 

" Cut: (cu.yds.):59.2 » 

"* Fill: (cu.yds.) :26007.3 » 
» Net FILL: (cu.yds.):25948.0 » 
' Complete: 100 % " 

J> o 

** Volume ca lcu la t ions done. Press any key  to co n t i n u e . . . » 
l^eeeeeeee^eeeege Copyright (c) 1986-1991 DCA Software, Inc . eeeeeeeeeeeeSe&eee/ 
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APPENDIX 


Il»cioa«l« for Decenalnlng 

Ŝ ;!! Depth Cover for Wasce Asbescos 

in Nashua and Hudson, Nev Hatnpshlre 


Introduction 


Thl« rationale is lat«ndftd Co provide prellsiinary guld«ac« «ad relate* 


sp«clftcali7 to th« Shady Lan« and Lowell Road aibestoa burial aitaa in 


Nashua aad Hudaoa, N«w ilaiipahirc, reapectlvely. It la baaed primarily on 


laboratory and field experience with freezing and thawing of soils contain


ing Inclusions. 


The prlatary objective of this design is to deteraine the amount of 


soil cover necdad to significantly reduce the nuaber of times that the 


frost zone penetrates the soil ladened asbestos aaterlal* The aaln concern 


is that If th« soil with asbestos or simply asbestos Is allowed to freeze 


and thaw, a process called sorting may bring the asbestos pieces to the 


ground surface and expose the environment to their hazardous effects* 


When a moist soil freezes, water within the soil is drawn toward the 


freezing front, i.e. where freezing is taking place. A mass of Ice is 


formed within the voids of the soil which tends to push the particles 


apart. Normally, the direction in which the particles of soil are aost 


free to move is toward the surface, resulting in frost heave* 


If a source of free water Is available» such as a water table within 


10 ft. of the surface, Che ice masses will continue to drew water from 


below, eventually forming what are typically termed Ice leosee. Signifi


cant volume changes occur in a soli when ice lenses form* Mot only will 


the ground surface rise (i*e*, heave) anywhere from 1 Inch to 12 Inches 
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during a vinter season, but Individual particles will be tooved closer to 


the surface (Washburn, 1973; Corce, 1969; Kapler, 1965). 


During the subsequent spring thawing period ouch of the frost heave 


will be recovered: Che ground normally subsides more or lass back to its 


former volume. In order for this to happen, excess water stored in the ice 


lenses must soaeho^r drain away; but until It does, the soil will be soft 


and easily deforaable. 


Because the soil is temporarily soft, the finer (smaller) particles of 


soil tend to move down and under the larger particles, holding them in the 


positions to which they moved when they were frozen. When the soil finally 


becomes more stable in the summer, the larger particles end up closer to 


the surface Chan chey were che previous summer. Because this sorting 


process takes place year after year, stones and other particles may some


times move significant distances toward the ground surface. The process is 


likely to be accelerated when the particles approach the ground surface, 


because this zone experiences multiple freeze/thaw cycles during a single 


winter season. 


It is assumed that asbestos chunk* and particle* are likely to be 


affected by the seasonal processes of freezing and thawing in nich the same 


manner aa stones and other natural inclusions. Freeze/thaw cycles may have 


two types of long-term effects on the permanent cootainaent of waste 


asbestos as a reeult of: 


a. Tbe differential movement of foreign matter toward the surface 


with each cycle of freezing and thawing may eventually bring chunk* and 


pieces of aabescos to the ground surface and thereby retum them to the 


external environment; and 


:̂ LY 
VJ 
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b. Asbestos scraps (broken boards, chunks, even cemented pellets) may \ 


be broken into smaller pieces as moisture held within the scraps freezes, 


so that when they reach the surface they are sufficiently small to be 


environmentally hazardous* 


A prospective long-tera means of preventing asbestos particles from 

moving toward the surface through Che freezing and thawing process is to 

make sure that they arc never frozen. However, because economic considera-^ 

tions must be taken into account, the design presented here is baaed on an 

attempt to contain the waste asbestos below the ground surface for a mini

mum period of 100 years. The actual safe lifetime is probably well in 

excess of 100 years, provided the removal o£ covering material by erosion 

or human activities is effectively controlled. This design assumes a turf 

cover with a well established root zone* It does not Include a safety 

factor to account for construction or garden cultivation. 

The procedure used here to select an appropriate depth of soil cover 


to contain asbesto* material below the surface in souChem New Hampahire is 


a oodlficacion of a procedure developed by the U.S. Army Cold Regions 


Research and Engineering Laboratory (CRRH.) for designing pavement* againat 


failure cau*ed by freesing and thawing (Dept. of the Army and Air Force, 


198S). It employs the use of the modified Berggren equation for layered 


systems, which 1* also discussed In Lunardlni (1981). 


Thi* procedure has been validated with cnore than 30 years of experi


ence by the Corps of Engineer* In airfield and highway design. The tech


nique has been ahown to yield excellent results, when applied to in *icu 


phase changes in soils (Dept. of the Army and Air Force, 1966; McRobercs, 


1975). 


t-Uu iib-Lr. .̂  .:,:LY 
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Basically the gr'und rre«-.>s because of t'̂ e removal of heat. It I s \ ^ 

therefore clenr that Lhe 'iepch L- frost penetr;ition helow the surface 1$ 

related to che meteorological variables that affact heat loss and the 

physical properties ot. the K ' J H ^ The s u j o r variables are (1) che severity 

of Che wince? air cemvii^stures, and 7 che amount of snow cover. The 

severity (c 'Idness) n,' the air tempei: ̂ ture is expressed in terms of an air 

freezing index for r.c-.ti winter. I'h*' efficiency of thermal transfer between 

the air and the gr':>Mnd or snov is expressed in terms of an n-factor, where 

n Is a fraction betveen 0 and 1- >.v combination, the two parameters result 

in a £urffl<;e fefcsing index, wh. '•• i.3 a measure of Che amount of heat leav

ing che gz iij ><i c'-oT an entire wi: ir. The manner in which these values are 

ucilized tj calculate the sugges" -i depth of cover for safe burial of waste 

asbesCos Ir. described below. 

Air Temoeracure 

The dir freezing index for 4 given area is ths total number of Fahren


heit degt^»:^ia78 below freezing. -i;'*F) for a winter.season* It is calcu


lated as discussed in Che Depart.^r.t of the Army Technical Manual 3-852-6 


(1966)> T>i« calculation procedure, is similar to Chat uaed for the more 


familiar "heating degree-days, " e >cept that for heating purposes the winter 


temperacares are subcracted from i3*F> 


The average dally, or mean cionchly, air temperatures u*ed for these 


calculations are those measured ':y the nearest official station of Che 


NaCional WeaCher Service. The WeaChcr Service publishes a oonthly record 


of these temperstures (U.S. D^pt. of Comiserce, 1950-1960). At 10 year 


intervals, they also publish 30-year normals of various cllmatologlcal 


parameters (U.S. Dept. of ComsHrca, 1985). 


FOii i \ .JAy' . : ' ~ UhLl 
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Nashua. New Hampshire, la one of the waather stations for which an 


extended record of air cemperacures Is available. An accurate' record of 


many years duration is desirable because it shows not only the average 


temperatures likely to occur In a winter, but the warmer and colder years 


as well and the frequency with which they occur. The temperaturea in a 


region are normally considered to be those of Che central station with 


adjustments for exposure; the temperatures at Nashua are assumed to be 


representative of those at Hudson, New Hampshire. 


For the Nashua/Hudson area the air freezing J.ndex, averaged over the 


30-year period froa 1951 to 1980, is calculated from Che temperature 


normals to be 665 degF-days. This value is termed the mean air freezin|^ 


index for the area. DistribuCion of mean air freezing index values for Che 


concinencal U.S. is given in Figure Al. In the absence of additional 


information, it is assumed for this study that the mean air freezing index 


in the future will be similar. 


The surface freezing index represents a quantity of heat removed from 


the ground over a winter season; the loss of this heat causes some of the 


moisture in the ground to freeze. For moist, sandy soils such aa those 


normally selected to cover the waste materials (see properties. Table A3), 


calculation based on Che procedures described in Altken and Berg (1968) 


Indisates chat the average frost depth for a freezing index of 665 will be 


abotit 24 Inches when the ground ts kept free of snow. A cover of snow 


reduces the average frost depth, because air held within the snow particles 


insulates the ground surface. An analysis of the Nashua weather records 


(described later) indicate" that an average ef 6 inches of snow remains on 


the ground in a typical winter. IhA actual average frost depth in the 


FOR RB-^: • "  l Y 
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DISTRIBUTION OF MEAN AIR FREEZINQ INDEX VALUES 
IN CONTINENTAL UNITED STATES 

Figure Al* Distribution of mean air freezing Index value* in the 
concinencal U.S. (Depc. of Army and Air Force, 1985). 
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Nashua/Hudson area during a winter with a freezing Index of 665 and a snow 


depth of 6 inches would be estimated to b« about 12 inches. 


It might seem that a soil cover of 12 in. would consequently protect 


the waste asbestos from freezing. However, 12 in. is not sufficient for 


che simple reason that average values arc normally exceeded for approxi


mately one-half the total time. Thus in about 50 years out of 100 the 


frost depth will be greater than 12 Inches, with the frost zone extending 


into the asbestos deposit. This is not a safe condition for long-term pro


tection, because the asbestos is likely to be moved by freeze-thaw effects 


In each of those 50 years. 


A reasonable criterion f.-ix safe burial is taken to be an air freezing 

index exceedance level of no more than 102, representing an average of 10 

freezings into the asbestos per century. This criterion is based on the 

standard used for the design of pavements in seasonal frost areas. Air 

freezing indices selected for pavement design are usually based upon the 

coldest year in 10 years or the average for Che chree coldesc years in 30. 

In order to determine an air freezing index to be used for asbestos 


cover design in the Nashua/Hudson area, Nashua air temperature records from 


the 30-year period 1931 to 1980 were analyzed (U.S. Dept. of Comnerce, 


1950-1980). To get an idea of the variation of the air freezing Index dur


ing this period, yearly indices calculated froc the mean monthly tempera


tures were plotted versus a normal probability scale (Fig* A2). Using this 


plotting method, the lOX exceedance level is about 990 deg F-days. 


To determine more accurate values for design purposes, air freezing 


indices for the coldest winter* were calculated from the mean dally 


temperatures. Table Al shows the mean freezing indices of the three cold

tm '̂"'- - '̂  Y 
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Plotting Method:  ^ ^ 
j «Ranli 
n « Total Number 

200 300 400 500 600 700 800 900 1000 
Air Freezing Index,1951-1980 (•p-days) 

Figure A2. Air freezing Indices :Tom Nashua plotted on normal probability 

paper. Individual poi-vts are yearly data calculated from mean 

monthly temperatures. Solid line indlcatea euaulative 

probability of occurrence based on normal diacributlon* 
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Table Al. Mean air freesing Index for Nashua, New Uaopshire (1951-1980). 


Mean Air Freezing Index (deg F-^ay*) 


Condition 


3 coldesc in 30 

1 coldest in 10 


Cal. by 

Dally Mean 


1097 

1075 


Cal* by 

Monthly Mean 


1023 

1041 


Table A2. ELatlos (n-factors) to convert from air freezing index to surface 

freezing index. 


Surface Type 


Snow Surface 


Portland Cement Concrete 


Bituminou* Pavement 


Bare Soil 


Turf 


n-Factor 


1.0 


0*75 


0*7 


0.7 


0.5 
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est winters in JO m-! the coldest wir.e- 'r '0 ..s calculated by dally 


temperatures. Th*«* ^re compared wJch rh? equivilenc freezing Indices as 


calculated by iiran -ao'thly temperatures. 


To suamari.:e. - eslgn air freezing indices ^^r the Nashua area fall in 

che general ran^ from 990 to 1100 deg '̂  days, depending on the procedure 

used for calcuUcion. Indices drjerained from daily temperature*, which 

are higher, ar<<i likely ".-̂  JA more representative of actual value*. For 

this reason, .he iifsign air freezing index selected for use in determining 

asbestos cav»r depths was 1097 deg F-days, the average of the three coldest 

years in '̂iir̂ iy. 

Tt ca^^^K!De depth of frost penetration, one other aspect of winter 


air teit'-er-cur̂ ^ data aust be examined; chat is the length of the freezing 


season. Durvng calculation* of th* air freezing index from the mean daily 


temperat'-res, this was determined to be about 100 days for che Nashua area. 


Surface rreezing index 


Tr detiralne Che {mer pAnj»fr*t;fnn resulting from an air freezing 


index, on*' must first estimate the corresponding surface freezing index. 


The difference between air and surface temperatures at any specific time is 


influenced by latitude, cloud cover, time of year, tine of day, atmospheric 


conditions, wind speed, surface characteristics, and subsurface thermal 


properties. However, over an entire freezing seaaon, a single ratio, or 


n-factor," can generally be used for varloua surface types Co convert air 


Index to surface index. Table A2 list* the n-factor« recoamended by Unell 


and Lobacz (1980). 


tU.i :.:....- :. , y  i 
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For siffloiinty in developing the rational* for this study, an n-factor 


of 0.5, simul. ti-ig turf conditions, was assumed for the snow-free case and 


an n-factor of 1.0 was used when snow was modeled as the cover condition. 


Frost Penetration Calculation Procedures 


The procedure used to calculate the predicted depth of frost penetra

tion was a multilayered solution of the modified Berggren equation. 

Detailed discussion of this procedure is found in previous references and 

only a cursory explanation will be included here (Departments of the Army 

and Air Force, 1966; Aitken and Berg, 1968; Aldrich and Paynter, 1953). 

The modified Berggren equation is expressed as: 

^" ^ V"~L— ct) 

where 


X - depth of freeze, ft. 


K » thermal conductivity of the soil, B*t.u./ft. hr.'F. 

L * volumetric latent heat f̂ fusion, B.t.u./cu.ft. 


a •• conversion factor fot <'r index to surface index, dimenaionlesa 


F - air-freezing index, oeFcep-days 


X • the Lambda coefficient 'hlch takes into consideration the effect 


of temperature changes 'n che soil mess* 


The Lambda eoeffleienc (A) is a r-jnctloo of the freezing index, the mean 


annual temperature of the site, ae length of the freeze season, and the 


thermal propertiea ef the soil. In order to determine e value for Che 


Lambda coefficient, one auet solve a tranaeendentil equation by Iteration 


using the error function (Aitken «nd Berg, 1968; Aldrleh and Paynter, 


1953). 
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In nodeline > OSL penetr cl n with the Berggren equation, several 

assumptions ar'? m vio The foodnl assumes one-dimensional heat flow with the 

entire soil mass -̂r its mean ann'ial ^^niperature prior to the start of the 

freeze season. ,r. Nashua, r.hf Jit '̂  annual temperature is 46.4*F (U.S. 

Department c~ ommerce, 198''̂ " - i* also asauaed that when the freezing 

season start.s, the surface tesotrature changes suddenly (as a step func

tion) from ch* mean annual teopc.rHture to a temperature v^ degreea below 

freezing and cemalns at thitj new temperature throughout the freeze seaaon. 

The value v^ is tbe average <ii.-tace teoperatuare differential and is 

calculated bv dividing the surface freezing index by the length of the 

freeze season, t, in days (v, > oF/t)* These calculations also consider 

latent î eat to be a heat :;in.-. ic the moving frost line, and assume that 

soil freezes at a temperate re >f 32*0*F. 

When expressed as shove in equation 1, the modified Berggren equation 

can be used to model the r̂o':t penetration depth in one layer of homogene

ous soil. When several layers with different soil type* are to be modeled, 

a multilayer solution to che aquation 1* u*ed. The process Involves deter

mining Chat portion of the surface freezing index required to penetrate 

each layer* The sum of the thicknesses of all the froten layers is the 

total depth of freeze* Tb-- partial freezing index required to penetrate 

the top layer is given by: 

'• 24X* ' 
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where 


d̂  - thickness of soil layer, ft. 


Rt • 5^ • thermal resistance of layer . 


The partial freezing Index required to penetrate the second layer is 


L»d, R, 

F	 .  - ^ (R + -i) . 

^ 24X^ ^ ^ 


The partial index required to penetrate the nCh layer is 

L d R 

" 24^^^ ^ 
a 

where ER is the total thermal resistance abo-e the n*̂ *̂ layer and equals 


^ " ^ * ^ •'• * Vi • 

The summation of the partial indexes, F̂  -̂  F2 -̂  1;'3 ... •*- F̂ ,̂ is equal to 


Che surface freezing index. 


Cover specifications 


At the Nashua/Hudson asbestos sires. ':'te majority of the restored area 


was slated to be revegetated* Therefore, tbe inlrlal consideration in 


designing the cover materials was the necessity to support vegetation. 


Specifically grasses. 


Because the asbestos waste is extrom&ly alnaliue, liavlng a pU of 11 or 

12, it ia highly toxic to plant life. The-efore, the minimum depth of 

cover required 1* that which wi.ll be deep enough to Veep the grae* roots 

from penetrating the asbestos. Srudiei have ŝ ^̂ wn that grass roots ext.ud 

down to 18 inches beneath the surface (Isk-iodar et al*, 1979), n a cover 

m?S''^'—riy 
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at least that deep is required to assure che long-term survival of the 


vegetation. 


Nutrients are also needed for vegetation survival. It is therefore 


recommended that the upper 6 Inches of cover include topsoil to provide 


nutrients for the grasses. A 2:1 ratio of topsoil to sand would provide 


nutrients and allow drainage. Beneath the topsoil, the cover material 


should conslsc of a 6-in. layer of fine sand, underlain by an adequate 


amount of sandy gravel to reduce problems with frost penetration* 


In order to determine the amount of gravel to recommend, frost pene


tration was modeled using a multilayer solution of the modified Berggren 


equation with a soil profile consisting of 6" topsoil, 6' fine sand, and an 


indefinite amount of sandy gravel. Table A3 shows the physical and thermal 


characteristics of the modeled materials for both a wet and a dry case. 


Properties were chosen so as to be generally representative of the 


materials at the site. The left-hand portion of Table A4 shows the pre


dicted frost penetration depths at the design freezing index using the soil 


profile with a variable thickness of gravel* 


In the most extreme case, that with no snow, frost penetration la on 

the order of 34-35 Inches* When a snow layer at the surface is included, 

frost penetration decreases *M the sno« thickness increases* The next 

aspect to be considered, then, is what depth of snow cover should be uaed 

for the design. The duration of snow cover 1* another itq>ortanc aapect* 

However, for the purpoeea of thi* deeign, IC wa* aaauaed that the duration 

of snow cover was similar to the length of the freeze season, or about 100 

days. 

rpn pcrrr ~ ^̂'! Y
36 




l-'il 


Table A3. Characteristics of Materials Modeled for Frost Penetration. 


Lateac 
Hoisture Dr- Heat TtaenMl Heat of 
Cooeent Deasley cap. Coed. Fusion 

Layer Type (X) (pcf) (Btu/cu«t*») (Btu/fthr*r) (Btu/cuft) 

a) Use Soli 

Topsoil 23 VO 32.18 0.83 3240 
Saad 13 100 28*23 1.15 2160 
Gravel 10 12U 29.40 1*59 1728 
Asbestos 13 95 26.84 0.6S 2032 

b) Ory Soil 

TepeoU IB 95 28.62 0.73 2394 
Saad 10 110 26.93 1.20 1384 
Gravel 10 120 29.40 1.39 1728 
Asbestos 15 95 26.84 0.68 2052 

<̂>.) Saow 15 9.30 0.18 

Table A4. Froat penetration depths predicted by a multilayer solution of 


the modified Berggren equation using climate parameters typical for Nashua 


(freezing index •• 1097*F-days; laean annual temp - 46.4*F; length of freeze 


season - 100 days). 


Frost penetratloa (In.) 


Variable cover 30-Iaeti cover 
Snow chlekaeM chlcltaeee' 
Oeptb Soil condltloe Soil eoadiciea 
(la.) Dry Wee Dry Wet 

<
k'^ 

34.4 
31.7 

33.4 
30.7 

33.4
31.3

 34.0 
 30.4 

6" 24.8 23.0 24.8 23.0 
8- 19.8 17.7 19.8 17.7 
10 16.3 13.3 16.3 13.3 

•oll pcofilat 	 6" topsoil 

6" fine saad 

ladef. gravel 


'•oil profile: 	 6' topsoil 
6' floe M D 4 
18" srsvel 
W total 

'o-factor - 0.1 ̂ (turf) 


"n-feecor • 1.0 (snow) 
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Depth or saow measurements were recorded at the Nashua weather stationV 

between 1952 and 1976, with some periods of missing data (U.S. Dept. of 

Commerce, 1950-1980). Complete daily records are available for 15 winter 

seasons. To get a mean snow depth value for each winter season, the daily 

depth data between 1 December and 16 March were suaned and divided by the 

number of days. The distribution of these mean seasonal depths are shown 

L-z. Figure A3. The individual points indicate che yearly data and the solid 

line shows the cumulative probabilities based on a normal distribution. 

The mean snow depth for the 15 years of data Is 6*2 inches and the 


probability that Nashua will have less than this mean amount is 50 per


cent. As shown in Figure A3, the probability that the mean snow depth will 


be less than 4 Inches is about 25 percent. These two snow depth*, then, 


bracket the amount of snow chat might be considered for design purposes. 


When the 15-year mean snow depth, 6 inches, is modeled in the Berggren 


solution, a frost penetration of about 24 inches is predicted (Table A4). 


Using a 4-inch snow depth, a frost penetration of 30 Inches is predicted. 


For the Nashua/Hudson sites, it was decided Co use Che 4-lnch mean snow 


depth and the resulting 30 inch mlnisum cover depth as a final recommenda


tion. This conservative decision resulted from the lack of knowledge about 


actual rates that asbestos might move through a soil column subjected to 


cyclic freeze-thaw* 


Frost penetration depths were modeled using the Berggren equation with 


a 30-ln* cover (right-hand side, Table A4). Again, material properties 


used were those shown in Table A3. Because of the ladt of actual data, the 


asbestos properties had to be eatlmated. The value* used were baaed on the 


assumption that the top layer of asbestos would have partially mixed with 


the exisciog thin topsoil cover. The frost depths predicted by the model 
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Plotting Method: i ~  ̂  
j = Rank 
n = Total Number 

4 6 8 10 12 14 
Mean Snow Depth (in.) 

Figure A3. Mean snow depth data from Nashua plotted on normal probebillty 

paper* Individual point* are the mean enow depth for Che 

winter seaaon 1 December to 16 March. Solid line indicates the 

cumulative probability of occurrence baaed on normal 

diatribution. 
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would penetrate 4 inches of the asbestos in a no-snow year with the design 


freezing index. In years with a mean snow depth of 4 inches or greater, 


the frost would be contained in the cover material. 


In summary, the thickness of cover recoopiended at the present time for 


the restoration of gently sloping terrain at waste asbestos site* in Nashua 


and Hudson, New Hampshire is 30 inches* This cover should consist of the 


following three layers from top to bottom: 6 Inches of topsoil and sand 


mixed in a 2:1 ratio, 6 Inches of fine sand, and 18 Inches of sandy gravel* 


Verification 


The 30-in. cover determined through modeling with the Berggren solu


tion correlates well with an Independent investigation of observed penetra


tion depths compared with freezing degree day accumulations (Haugen and 


King, in prep*). Figure A4 shows a total of 282 data point* observed over 


a 10-year period at 37 sites within a five-state area (N* Dakota, S* 


Dakota, Minnesota, Wisconsin and Upper Michigan). The surface conditions 


at the site* were primarily low vegetative cover or crop rubble* Tbe soil 


types were quite variable, although most sites were in agricultural fielda 


or in cemeteries, and thua were primarily fine-grained in nature* The snow 


depth category for these data (based on 3 obaervatlona per year) ranged 


from 0 to 4 inches* An empirical equation for these data was determined to 


be 


Y - -6,46228 •• 1*02471 /X 

where T is frost depth in Inches, and X is accumulated freezing degree days 

(*F) for the season. Its atandard error of eatimate la 7.5 Inche*. 

When the Naahua deeign freezing index of 1097 1* u*ed in the empirical 

equation, it predict* a maximum froat penetration of 27*5" t 7*5*** Con
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ô 
^^ s 32 
a> 
a. ^ 

o 24 

Air Freezing Index ( F-days x 10 ) 

Figure A4* Obaerved fro*t penetration depth versus air freezing index 

(from Haugen and King, In prep*)* 
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sidering that the equation vas <i -rived from sites with laean snow depths 


ranging from 0 to 4 Inches, the Berggren solution prediction of 30 inches 


penetration based on 4 inches of snow is somewhac high. This discrepancy 


may perhap* be accounted for by the relatively coarae-grained aolls, with 


high thermal conductivities, that were modeled in che Berggren aolucion for 


che Nashua sice. 


Closure 


A final, major point to be made relative to the containment of asbes


Cos waste in a natural environment of freezing taqtpcratures is that the 


minimum depth of cover is not a single value but varies with the climate, 


che type of soil cover, and thf; soil molature condition** The design 


referred to here is site specific. The actual thickness of a required 


cover in the northem areas of the U.S. may be 3-5 feet while in southem 


areas perhaps only one foot would be needed from the standpoint of frost 


penetration* 


CRREL is not aware of any laboratory or field test intocaiction provid

ing data on freeze-thav tẑ s.ta laovement of asbestos material in soils used 

to cap asbestos waste. It is suggested wh»t uhe ZTk -,i?w the covered sites 

in southem New Hampshire aa a case study opportunities for obtaining 

actual field performance dara. These data, along with data from laboratory 

tests are needed to adequately document this rationale. Once thi* informa

tion has been obtained, ^ comprehensive document providing sound design 

criteria for aabestos diiposal in seasonal frost area* a n be developed* 

j,iLY { U i i i \ L t L i. i- i •. •
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cleanup of asbestos waste sites. 
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EPA Asbestos Abatement Work - Geotechnical 

Engineering Branch Position Paper 


NED Policy For Handling and Disposal of Asbestos Waste 


1. Background; 

a. CRREL Involvement 


(1) 1982; EPA - Region I requested assistance from CRREL 

for Asbestos Abatement Work at six sites in Hudson, NH. CRREL's Geo

technical Engineering Branch inspected these sites and observed 

significant evidence of asbestos particle movement. CRREL's report to EPA 

on the Lowell Road, Hudson, NH site was for the purpose of presenting 

technical material bearing on the possible effects of annual freezing and 

thawing. In particular, the determination of the required depth of soil 

cover to prevent asbestos material from reappearing at the surface was 

addressed in this report (End. A). 


(2) August 1983; Messrs. McGaw and Iskandar of CRREL gave 

expert testimony for EPA in Federal District Court concerning the depth of 

cover required for these six sites. They recomnended an expedient cover 

of 30 inches of sandy gravel or its equivalent as being sufficient to 

provide 50 to 100 years of protection. They also testified on the depth 

of organic topsoil required to sustain a permanent grass cover over tKi 

asbestos material, which is very alkaline (pH of 11 or 12).They 

recommended at least 18 inches of topsoil, because it had been determined 

that the roots will extend to that depth and would be burned by the high 

pH levels in the underlying soil. The remaining 12 inches of cover would 

be a sandy gravel, coarse enough to be of low frost susceptibility, and 

fine enough to contain sufficient moisture to support the vegetation at 

the surface. 


(3) October 1983 - January 1984; CEUIEL-GEB advised EPA on 

the cover specifications for several sites at Hudson, NH. 


(4) May - November 1985; On site inspections, guidance and 

a technical report prepared for Lowell Rd, Hudson, NU site by CRREL. 


b. NED/GEB Involvement; 


(1) 16 March 1987; Joint Geotechnical Engr. Branch meeting 

with CRRCL. NED solicited background information on past CRREL involve
meci.t and the latest technical material bearing on the possible effects of 

annual freezing and chawing on waste disposal sites in Hudson, NU. 


(2) March 1987; CEB telecon with Noel Urban, OCE, General 

Engineering Branch, Engineering & Construction Directorate on the latest 

technology for non-frost criteria for capping hazardous material asbestos. 
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(3) March 1987; CEB telecon with Mr. Paul Schroeder at USCE 

Waterways Experiment Station. 


2. Design Rationale For Determining Depth of Soil Cover For 

Asbestos. 


a. Frost Susceptible Sites 


This rationale is intended to provide guidance and relates 

specifically to the asbestos burial sites in Nashua and Hudson, New 

Hampshire. It is based primarily on laboratory and field experience with 

freezing and thawing of soils containing inclusions. 


The primary objective of this design is to determine the amount of 

soil cover needed to significantly reduce the number of times that the 

frost zone penetrates the asbestos material. The main concern is that if 

the soil with asbestos or simply asbestos is allowed to freeze and thaw, a 

process called sorting may bring the asbestos pieces to the ground surface 

and expose the environment to their hazardous effects. 


When a moist soil freezes, water within the soil is drawn toward the 

freezing front, i.e. where freezing is taking place. A mass of ice is 

formed within the voids of the soil which tends to push the particles 

apart. Normally the direction in which che particles of soil are most 

free to move is coward the surface, resulting in frost heave. 


If a source of free wacer is available, such as a water table within 

10 ft. of the surface, the ice masses will continue to draw water from 

below, eventually forming what are Cypically cermed ice lenses. 

Significant volume changes occur in a soil when ice lenses form. Not only 

will the ground surface rise (i.e. heave) anywhere from 1 inch to 12 

inches during a winter season, but individual particles will be moved 

closer to Che surface. 


During che subsequenc spring chawing period much of the frosc heave 

will be recovered: the ground normally subsides more or less back to its 

former volume. In order for this co happen, excess wacer scored in the 

ice lenses must somehow drain away; buc uncil ic does, the soil will be 

soft and easily deformable. 


Because Che soil is cemporarily soft, the finer (smaller) particles 

of soil cend to move down and under the larger particles, holding them in 

Che-positions to which they moved when they were frozen. When the soil 

finally becomes more stable in the sumner, the larger particles end up 

closer CO che surface Chan chey were in Che previous summer. Because Chis 

sorcing process cakes place year after year, stones and other particles 

may sometimes move significant distances toward the ground surface. The 

process is likely to be accelerated when the particles approach the ground 

surface, because chis zone experiences mulciple freeze/chaw cycles during 

a single winter season. 
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It is assumed that asbestos chunks and particles are likely to be 

affected by the seasonal process of freezing and thawing in much the same 

manner as stones and other natural inclusions. Freeze/thaw cycles may 

have two types of long-term effects on the permanent containment of waste 

asbestos as a result of: 


(a) The differential movement of foreign matter toward the 

surface with each cycle of freezing and thawing may eventually bring 

chunks and pieces of asbestos to the ground surface and thereby return 

them to the external environment; and 


(b) Asbestos scraps (broken boards, chunks, even cemented 

pellets) may be broken into smaller pieces as moisture held within the 

scraps freezes, so that when they reach the surface they are sufficiently 

small to be environmentally hazardous. 


A prospective long-term means of preventing asbestos particles from 

moving toward the surface through the freezing and thawing process is to 

make sure that they are never frozen. However, because economic 

considerations must be taken into account, the design presented here is 

based on an attempt to contain the waste asbestos below the ground surface 

for a minimum period of 100 years. The actual safe lifetime is probably 

well in excess of 100 years, provided the removal of covering material by 

erosion or human activities is effectively controlled. This design 

assumes a Curf cover with a well established rooc zone. It does not 

include a safety factor co account for construction or garden cultivation. 


The procedure used here to select an appropriace depch of soil cover 

to contain asbestos material below the surface in southern New Hampshire 

is a modificacion of a procedure developed by che U.S. Army Cold Regions 

Research and Engineering Laboracory (CEIREL) for designing pavemencs 

against failure caused by freezing and chawing (Depc. of che Army and Air 

Force, 1985). Ic employs Che use of Che modified Berggren equacion for 

layered syscems. 


This procedure has been validaced wich more Chan 30 years of 

experience by Che Corps of Engineers in airfield and highway design. The 

technique has been shown Co yield ezcellenC resulcs, when applied co in 

sicu phase changes in soils. 


Basically, Che ground freeze* because of the removal of heat. It is 

therefore clear chac che depCh of frost penetration below che surface is 

retated to che meceorological variables that affect heat loss and the 

physical properties of che soil. The major variables are (1) the severity 

of the winter air temperatures, and (2) the amount of snow cover. The 

severicy (coldness) of che air cemperaCure is expressed in terms of an air 

freezing index for each winter. The efficiency of thermal transfer 

becween che air and Che ground or snow is expressed in Cerms of an n
faccor, where n is a fraccion beCween 0 and I. In combinacion, che cwo 

parameters result in a surface freezing index, which is a measure of the 
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amount of heat leaving the ground over an entire winter. The manner in 

which these values are utilized to calculate the suggested depth of cover 

for safe burial of waste asbestos is described in a report entitled, 

"Lowell Road Site, Hudson, NH; Engineering Design, Specification, and On-

Site Technical Assistance for Covering Waste Asbestos" (Attachment No. 1). 


b. Non-Frost Susceptible Sites 


This rationale is intended to provide guidance for design of asbestos 

cover systems in areas where frost is not a primary concern. It is based 

on experience with erosion control structures, research studies performed 

by the USCE Waterways Experiment Station (WES) and the USCE Cold Regions 

Research and Engineering Laboratory (CRREL), and EPA report No. EPA/540/2
85/002 "Covers for Uncontrolled Hazardous Waste Sites", dated September 

1985. 


The EPA has identified five requirements which a cover system for 

certain hazardous wastes must meet, as follows: 


(1) Provide long-term minimization of migration of liquids. 


(2) Function wich minimum maintenance. 


(3) Promote drainage and minimize erosion or abrasion of the cover. 


(4) Accommodate seeding and subsidence so ChaC che cover's 

incegricy is maincained. 


(5) Have a permeabilicy less Chan or equal to che permeabilicy of 

any boccom liner syscem or nacural subsoils presenc. 


Since asbescos wasce macerial is noC known Co migrace Chrough soil 
wich che flow ot groundwacer and is not considered to be a water pollution 
hazard, items (1} and (z) above can be deleced for asbescos cover ^ 
systems" EPA guidance relative Co meecing requiremencs (3), (4), and (5) 
scates that a cover syscem should consist of a vegetated top cover 
underlain by a drainage layer. Detailed guidance from EPA on these two 
layers is as follows: 

A) Vegetated Top Cover 


(1) minimum 24 in. chick.. 

(2) should supporC vegecacion ChaC minimizes erosion without 


continued maintenance 

(3) planted wich persisCenc species - no roocs chat will 


penecrace beyond che vegecacive and drainage layers 

(4) cop slope, afcer seeding and subsidence, of becween 3-5Z 

(5) surface drainage system capable of conduccing runoff across 


cap wich no erosion problems. 
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B) Drainage Layer 


(1) minimum 12 in. thick cm/sec 

(2) saturated conductivity not less than 1x10"-^ 

(3) bottom slope of at least two percent 

(4) designed to prevent clogging - overlain b y ' i graded granular 

or synthetic fabric filter 
(5) discharge flows freely 


The granular or fabric filter is used to prevent plugging of the 

porous media with fine particles carried down from the vegetated layer. 


To prevent fluid from backing up into the drainage layer, the 

discharge at the site should flow freely (the edge of the unit should 

drain freely, e.g., into surface runoff ditch). 


An additional design consideration in non-frost areas is potential 

damage to a cover system by burrowing animals. To prevent this from 

occurring WES recommends placement of an "armor" layer beneath che 

vegetative cover layer. 


The EPA criteria is intended for use on relatively flat slopes and 

are not universally applicable. WES recommends a lOZ (IV on lOH) 

practical maximum" slope for a vegetated cover. For slopes between 101 

and 20Z some type of soil reinforcement should be used to hold the topsoil 
until sod cover is established. Slopes greater than 20Z (IV on 5H) should 
be provided with slope protecCionT ' 

~cl Cover Speciticacions 


(1) Frosc Suscepcible Sices 


Ac che Nashua/Hudson asbescos sice, che majoricy of che rescored area 

was slaced Co be revegetaced. Therefore, Che inicial consideracion in 

designing Che cover macerials was Che necessicy Co supporC vegecacion, 

specifically grasses. 


Because Che aAbesCos wasce is excremelv allcalinei having; t pH of II 
or 12, ic is highly Coxic Co plane life. Therefore, Che minimum depch of 
cover required is ChaC which will be deep enough to keep the grass roots 
from penetrating the asbestos. Studies have shown that grass roots extend 
down to 18 inches beneath the surface so a cover at least that deep is 
required to assure the long-term survival of the vegetation. 

Nutrients are also needed for vegetation survival. It is therefore 

recommended that che upper 6 inches (compacced layer thickness) of cover 

include copsoil to provide nutrients for the grasses. A 2:1 ratio of 

topsoil Co sand would provide nucriencs and allow drainage. Beneath the 

copsoil, che cover macerial should consist of a 6-inch layer of fine sand, 

underlain by an adequaCe amounc of sandy gravel Co reduce problems wich 
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frosc penecracion. The sand layer accs as a filcer becween che copsoil 

and gravel, retains moisture and will eventually form a subsoil containing 

organics. 


In order to determine the amount of gravel to recommend, frost 

penetration was modeled by CRREL using a multilayer solution of the 

modified Berggren equation with a soil profile consisting of 6" topsoil, 

6" fine sand, and an indefinite amount of sandy gravel. Table A (from 

Enclosure A Appendix, Table A3) shows the physical and thermal character

istics of the modeled materials for both a wet and dry case. Properties 

were chosen so as to be generally representative of the materials at the 

sice. The left-hand portion of Table B shows the predicted frost 

penetration depths at the design freezing index using the soil profile 

with a variable thickness of gravel. 


In the most extreme case, that with no snow, frost penetration is on 

the order of 34-35 inches. When a snow layer at the surface is included^ 

irost penetration decreases gs the snow thickness increases The next 

aspect to be considered, then, is what depth of snow cover should be used 

for che design. The duration of snow cover is another important aspect. 

However, for the purposes of this design, it was assumed that the duration 

of snow cover was similar to the length of the freeze season, or about 100 

days. 


Table A. Characteristics of Materials Modeled for Frost Penetration. 


Moisture Dry Heat Thermal Latent 
Content Density cap. Cond. Heat of 

Fusion 
Layer Type (Z) (pcf) (Bcu/cufc °F) (Btu/fthr °F) (Btu/cufc) 
a) Wee Soil 

Topsoil 25 90 32.18 0.85 3240 
Sand 15 100 28.25 1.15 2160 
Gravel 10 120 29.40 1.59 1728 
Asbescos 15 95 26.84 0.68 2052 

b) Dry Soil 

Topsoil 18 95 28.62 0.75 2394 
Sand 10 110 26.95 1.20 1584 
Gravel 10 120 29.40 1.59 1728 
Asbescos 15 95 26.84 0.68 2052 

c) Snow 0 15 9.50 0.18 
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Table B. Frosc penecracion depths predicted by a multilayer solution of 

the modified Berggren equation using dimace paramecers eypical for 

Nashua (freezing index = 1097°F-days; mean annual Cemp = 46.4°F; lengch of 

freeze season = 100 days). 


FROST PENETRATION ( IN.) 

Variable coyer C30-Inch cover 

Snow Thi Lckness Thickness 
Depth Soil Cond ition Soil Condition 
(in.) Dry Wet Dry Wet 
o-ii 34.4 35.4 33.4 34.0 
,̂.4 31.7 30.7 31.3 30.4 
6" 24.8 23.0 24.8 23.0 
8" 19.8 17.7 19.8 17.7 
10" 16.3 13.3 16.3 13.3 

•"soil profile:	 6" topsoil 

6" fine sand 

indef. gravel 


soil profile: 6" topsoil 

6" fine sand 


18" gravel 

30" total 


•J 


^n-factor = 0.5 (turf) 

n-factor =1.0 (snow) 


Depth of snow measurements were recorded at che Nashua weaCher 

station between 1952 and 1976, wich some periods of missing data (U.S. 

Depc. of Commerce, 1950-1980). Complece daily records are available for 

15 wincer seasons. To gee a mean snow depch value for each wincer season, 

che daily depch daca becween 1 December and 16 March were summed and 

divided by che number of days. The disCribucion of chese mean seasonal 

depchs are shown in Enclosure A, Figure A3. 


The mean snow depch for che 15 years of daCa is 6.2 inches and che 

probabilicy chaC Nashua will have less Chan chis mean amounc is 50
percenc. The probabilicy chaC che mean snow depch will be less Chan 4 

inches is abouc 25 percenc. These Cwo snow depchs, Chen, brackec che 

amounc of snow chaC mighc be considered for design purposes. 


- When Che 15-year mean snow depch, 6 inches, is modeled in che 

Berggren solucion, a frosC penecracion of about 24 inches is predicced 

(see Table B). Using a 4-inch snow depch, a frost penetration of 30 

inches is predicted. For the Nashua/Hudson sites, ic was decided to use 

the 4-inch mean snow depth and the resulting 30 inch minimum cover depth 

as a final recommendation. This conservative decision resulced from Che 

lack of knowledge abouc acCual races chac asbestos might move through a 

soil column subjected to cyclic freeze-thaw. 
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Frost penetration depths were modeled using the Berggren equacion 

with a 30-in. cover (right-hand side, Table B). Again, material 

properties used were those shown in Table A. Because of the lack of 

actual data, the asbestos properties had to be estimated. The values used 

were based on the assumption that the top layer of asbestos would have 

partially mixed with the existing thin topsoil cover. The frost depchs 

predicted by the model would penetrate 4 inches of the asbestos in a no-

snow year with the design freezing index. In years with a mean snow depth 

of 4 inches or greater, the frost would be contained in the cover 

material. 


In summary, the thickness of cover recommended at the present time by 

CRREL for the restoration of gently sloping terrain at waste asbestos 

sites in Nashua and Hudson, New Hampshire is 30 inches. This cover should 

consist ^I the following three layers from top to bottom; 6 inches of 

topsoil and sand mixed in a 2:1 ratio, 6 inches of fine sand, and 18 

inches of sandy gravel. 


(2) Non-Frost Susceptible Sites 


In a non-frost susceptible site, the criteria for the vegetative 

cover layer discussed above for a frost susceptible site is applicable. 

Therefore, in order to provide for long term survival of the vegetative 

cover, a minimum of 18 inches of soil must be placed over che asbescos 

wasce macerial. The cop six inches should be a 2:1 mix of topsoil and 

sand and the underlying six inches should be fine sand. 


The requirements for a drainage layer and an armor layer beneath Che 

vegecacive cover layer can be sacisfied by a single layer of sandy gravel 

conCaining scones up Co chree inches in size. A 6-inch Co 12-inch chick 

layer of chis macerial when properly graded will provide adequace 

drainage, and will be difficulc for burrowing animals Co penecrace. The 

fine sand layer will funccion as a filter between the Copsoil and Che 

gravel layers, and will prevenc clogging of che drainage layer. 


In summary, a cover sysCem for asbescos waste in gendy sloping 

Cerrain should consist of a vpggtjitive cover layer and a drainage/armor 

layer. These cwo layers are further defined from top to bottom as 

toLLows: 6 inches of topsoil and sand mixed in a 2:1 ratio, 6 inches of 

fine sand, and 6 to 12 inches of sandy gravel. For slopes between lOZ (IV 

on 10 H) and 20Z (IV on SH) soil reinforcement should be used to hold the 

topsoil until sod is established, and for slopes steeper than 2aZ, the 

vegecacive cover layer should be replaced with slope protection. 


(3) Closure 


A final, major poinc Co be made relacive co the concainmenC of 

asbescos wasce in a natural environment of freezing temperatures is that 

che minimum depCh of cover is noC a single value buC varies wich the 

climate, che cype of soil cover, and che soil moisture conditions. The 
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design referred to here is site specific. The actual thickness of a 

required cover in the northern areas of tbe U.S. may be 3-5 feet while in 

southern areas perhaps only one foot would be needed from the standpoint 

of frost penetration. 


CRREL is not aware of any laboratory or field test information 

providing data on freeze-thaw caused movement of asbestos material in 

soils used to cap asbestos waste. EPA will be requested by NED to view 

the covered sites in southern New Hampshire as a case study with 

opportunities for obtaining actual field performance data. These data, 

along with data from laboratory tests, are needed to adequately document 

this rationale. Once this information has been obtained, a comprehensive 

document providing sound design criteria for asbestos disposal in seasonal 

frost areas can be developed by CRREL. 


3. Cover Design 


a. Design Concept 


(1) Frost Susceptible Sites: As with other waste disposal 

sites in the town of Hudson and Nashua, che primary design principal is Co 

concain che wasce asbescos by means of long-cerm burial wich appropriace 

soil layers. A soil cover and surface CreaCmenC should be selecCed chac 

would rescrain the asbestos parcicles from moving coward Che surface for a 

50 CO 100 year period under che effeccs of freezing and chawing. Ic is 

also very imporcanc ChaC che surface creacmenc be such as co eliminace 

erosion of che burial layers Chrough Che accions of wind, scream flow, 

surface runoff, and subsurface flows. 


(2) Non-Frosc Suscepcible Sices; In a non-frosC susceptible 

sice che primary design principal is Co encapsulaCe the waste asbestos and 

prevenc ics exposure co Che environmenc for a 50 to 100 year period. The 

cover layers muse be selecced Co proCect against the erosive effects of 

wind, scream flow, surface runoff, subsurface flow, and burrowing animals. 


b. Air and Subsurface Invescigacion. Surface and subsi^rface 

soil samples were caken by EPA co invescigace che areal ezcenc and depch 

of contamination at and around the site. Wipe samples were also taken 

from buildings and equipment on-siCe. Air sampling was noC caken. 


c. Characceristics of Foundation, Asbestos, and Cover Materials 


(1) Foundation Soils. Foundation soils are site specific 

and vary from site to site. The soils in Hudson and Nashua, NH include 

glacial till (SM), man-made fills (other than asbestos) and outwash sands 

and gravels (SP-SM, GP-GM). 


(2) Clearing and Grubbing. Foundation areas for fills 

shall be cleared and grubbed prior to placement of any fill material. 

This work shall consist of clearing and grubbing (only where specifically 
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designated), removing and disposing of all vegetation and debris within 

the limits shown on the plans. In general, all trees and vegetation 

should be cut at or near the ground surface and disposed of except those 

trees specifically designated on the plans and in the specifications to 

remain. Unless otherwise shown on the plans, clearing and grubbing shall 

extend 10 feet beyond fill slopes. Stumps within the limits of the fills 

shall be cut flush with the existing ground surface. All stumps and large 

roots shall be completely covered to a depth of 2.5 feet with fill 

material in order to prevent regrowth of the species. 


(3) Asbestos. Asbestos is a commercial term applied to a 

group of highly fibrous silicate minerals that readily separate into long, 

thin, strong fibers. There are two properties of asbestos, which make it 

particularly suitable for disposal by sanitary landfill: 


(a) The mineral fibers resist degradation and are inert 

and insoluble in water. As such, they do not represent a threat to 

ground-water supplies as the result of leaching. 


(b) Because of its fibrous nature asbestos tends to 

lodge in the voids between individual grains of sand and gravel, unless 

the material at the point of land disposal is exceptionally coarse or the 

area is subject to flooding. 


The various asbestos waste sites in the Hudson and Nashua, NH contain 

buried, fully exposed, and partially exposed asbestos waste deposits. 

This material is generally comprised of aged, deteriorating plate scrap, 

intermixed with friable baghouse material, including white, grey, black, 

and red varieties. 


Friable asbestos material is defined as any material that contains 

more than one percent asbestos by weight and that can be crumbled, 

pulverized, or reduced to a powder, when dry, by hand pressure. 


(4) Topsoil is defined as surface soils containing at least 

3Z by weight of organic material. Municipal sludge (no industrial sludge 

allowed) containing 2 to 9Z solids can be substituted for native 

topsoil. Local ordinances prohibit stripping of copsoil. Two pares of 

copsoil could be mixed wich one pare fine sand (by volume) co provide 

nucriencs and allow drainage. The minimum compacced layer chickness is 6 

inches (8 co 9 inches loose chickness). 


(5) Fine Sand should ace as a filCer beCween che overlying 

copsoil and underlying non-frosC suscepcible sandy gravel fill. In 

general, non-uniform soils concaining less than 3Z of grains finer than 

0.02 mm and uniform soils containing less than lOZ of grains finer chan 

0.02 mm are suicable. Gradacion criceria will be specified, however, 

because che Cime to conduct hydrometer and specific gravicy tests in the 

field CO decermine Che percenc finer Chan 0.02 nm is considered Co be Coo 

long. Fine sand shall meec che gradacion specificacions for fine concrece 
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aggregate (State of NH Standard Specifications) or shall consist of bank-

run medium fine or fine sand meeting che following gradation requirements: 


U.S. Standard Sieve Size Percent Passing by Dry Weight 

3 inch 100 

No. 4 80-100 

No. 200 0-15 


(6) Sandy Gravel Fill should be a non-frost susceptible sandy 

gravel or gravelly sand with a maximum particle size of 3 inches. 

Gradation criteria will be specified because the time to conduct 

hydrometer and specific gravity tests to determine the percent finer than 

0.02 mm is considered too long. Sandy gravel fill material shall consist 

of well-graded sandy gravel composed of tough, durable particles of 

natural sand and gravel except that particles larger than 3/8 inch may be 

crushed stone. The material shall meet the following gradation limits 

(State of NH Standard Specs for Granular Backfill - Sand/Gravel): 


U.S. Standard Sieve Size Percent Passing By Dry Weight 


3-inch 95-100 

No. 4 25-70 

No. 200 0-8* 


In no case shall more than lOZ by dry weight of Che componenc 

passing che No. 4 sieve pass che No. 200 sieve. The maximum size scone 

parcicles shall noc exceed 3/4 of che compacced Chickness of Che layer 

being placed. 


(7) Slope Proceccion. Slope proceccion can be conscrucced " ^ 
from a yariecy of macerials, including sCone and concreCe which are che 
mose durable in wacer. Revecmene cypes will include riprap, gabions, and ^ 
concrece armor unics. The cype and layer chickness will be siee~specific, 
based on hydraulic design criceria. 

(8) Crushed SCone Fill for reCaining and proeeceing 

specifically designaced erees and shrubs shall consise of quarried rock 

fragmencs varying in size from 3 inches to 5 inches. 


d. Slopes 


(1) Riverside slopes shall be designed for embankment 

sCabiliCy. Fully compacced fills generally enable Che use of sceeper 

slopes Chan chose consCrucced of semi-compacced dumped fills. A jV on 2H 

slope is generally accepced in indusery standards as the steenest slope 

Chac will permit machine placement of riorao and also the steepest slope 

chac will ensure scabilicy ot che riprap blanket^ Riverside slopes will 

be~designed Co proviae proceccion from damage by wave and ice accion, 

scream flow (for a 100 yr. frequency floodP and surface and subsurface 

erosion (see Skeech No. 1). Slopes are assumed Co be scable for 50 co 100 

years wich minimal maincenance. 
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(2) Other slopes shall be designed to provide protection 

from frosc action, and surface and subsurface erosion. All slopes steeper 

than 10 deg rees (IV on 6 H) shall be protected by slope protection con~ ' 

sisting of stone protection, gabions, or concrete armor units (see Sketch 

No. ^).—fft i trees and v^gSCdClbn snaii be cut tLush with the existing 

ground surf ace, removed from che site, and the slope covered with a gravel 

fill blanke t to a minimum thickness of 18 inches. The total depth of 

cover in al 1 cases in Nashua, NH shall be a minimum of 30 inches excluding 

any slope p rotection. Slopes flatter than IV on 6H shall be protected 

similar to level or gently sloping ground. 


e. Level or Gently Sloping Ground. Gently sloping ground is 

defined as flatter chan 10 deg rees (approx. IV on 6U). The effective 

cover should be at least 30 in ches (see Sketch No. 3) to prevent the 

asbestos from being returned t 0 the surface through the yearly process of 

freezing and thawing, and to p rovide 50 to 100 years of proceccion wich 

minimal maintenance. The rest ored areas should be vegecaced co prevent 

surface erosion. Paved surfac e drainage features should be utilized to 

collect and channel runoff in order to prevent surface erosion which could 

eventually lead to exposure of the underlying asbestos. 


f. Maintenance. EPA is not authorized to fund maintenance of 

completed asbestos waste clean up proiects. Land owners are responsible 

for^maintenance of cheir own properties. At sites where maintenance will 

be performed, mowing of grasses should be done two or three times each 

growing season to stimulate growth. In the Spring, the distribution of 

grass growth should be monitored closely, so that reseeding can be done 

early in those areas showing less Chan adequaCe coverage wich grass. 

Table C concains a mainCenance procedure for grasses afcer che firsc year 

of soil cover. 


g. Monicoring of Sices. EPA will be requesced Co view che 

covered sices in souchern New Hamsphire as a case scudy opporcunicy for 

obcaining acCual field performance daca. Daca from laboracory Cescs are 

needed Co adequaCely documenc Chis racionale. JusC a few of Che sices 

should be selecced for monicoring. Tescs should include visual 

observacions, sampling (hand auger), and chemical Cescing. 

InsCrufflenCacion (chermocouples) should be installed during consCruccion to 

measure temperature and frosc penecracion. 


h. Secclemenc. Mosc of Che asbescos siacerials were deposiced 

over 20 years ago. Only minor seCtlements are expected due to the 

addition of the new fills. Depressions which develop in grassed areas 

should be regraded utilizing additional copsoil and then reseeded by the 

owners. In areas protecced by slope proceccion, settlement caused by 

decaying stumps or consolidation of che underlying asbescos should be 

refilled wich appropriace slope proCeccion macerials. 


-12

r> « 9 • c 


> 1. 




s-


TABLE C 

Management of Asbestos Disposal Sites After the First Year of Soil Cover 


1.	 In mid-April, inspect the germination of the grass seed visually. 


2.	 Spot reseed the area where seeds did not germinate (no color change 

observed). 


3.	 Soil samples should be taken and tested for N, P and K, and 

recommendations on fertilizer application should be followed. At 

minimum, if no tests are done or will be done, 40 pounds of N 

fertilizer should be applied per 1,000 sq. ft. 


4.	 If hydroseeder will be used to reseed a large area, 100-150 lbs of 

solids per 100 gallons of water is the maximum mixture. Solids 

include fertilizer, seeds and mulch materials. 


5.	 Grasses to be used are Perennial Ryegrass, Tall Fescue, Kentucky 

Bluegrass, Reed Canarygrass or Birdfoot Trefoil. The following are 

the recommended combinations and amounts of each: 


Switchgrass
Bluestem (big or little)
Perennial ryegrâ j»
Birdfoot trefoil*"

 5 
5 
5 
5 

(PLS) 
(PLS)' 

Total 201b/AC 

b. Tall fescue 
Flat pea 

Total 

20 
30 

501b/AC 

Deer tongue 
Birdfoot trefoil 
Perennial ryegrass 

10 
8 
3 

(PLS)* 

Total 211b/AC 

d. Deer tongue 
Crownvetch 
Perennial ryegrass 

10 
15 
3 

Total 28lb/AC 

PLS pure line seed = Z germination x Z purity 

100 


AcCual lbs of commercial seed Co be used » 100 x lbs of lOOZ PLS 

Z PLS of 


commercial seed loc 
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"Inoculate legume seeds; use four times the recommended amounts when 
hydroseeding. 

6. Recommended Variety 
Tall fescure (Kentucky 31) 
Birdfoot crefoil (Empire) 
Swicchgrass (Blackwell) 
Perennial ryegrass (Norlea, ManhaCCan) 
Flacpea (Latheo) 

i. Methods of Placement and Compaction 

(1) Spreading - Material for fills shall be spread with 
bulldozers or other approved equipment or by hand to form uniform loose 
layers of the following thicknesses: 

Material Maximum Loose Layer Thickness in Inches 
General Restricted Areas 

Topsoil
Comp. Sand Fill
Comp. Gravel Fill

 8
 8
 10

 6 
6 
6 

(2) Compaction - Materials for compacted fills shall be 
compacted as follows according to its fill type: 

Fill Type Compaction 

Topsoil Roll surface with standard landscaping rollers to create 
smooth surface. 

Comp. Sand At least 2 coverages of Che Cread of Che heavy Craccor or 
aC lease 4 coverages of cread of Che lighc craccor. 

Comp. Gravel Ac lease 4 coverages of che Cread of che heavy Craccor or 
ac lease 6 coverages of Che Cread of the light craccor. 

(3) Compaccion in Rescricced Areas - Sand and gravel fill 
in a rescricced area shall be compacced by che place vibrator. 

(4) Equipment - Compaction equipment shall conform to the 
following requirements and shall be used as prescribed in subsequenc 
paragraphs. 

(a) Heavy Traccor - A "heavy cractor" to be used for 
compacting fill material shall be a scandard commercial make crawler Cype 
craccor weighing noc less than 35,000 pounds and exerting a tread pressure 
of not less than 9 pounds per square inch. The tractor shall be equipped 
wich scandard wideh Creeds. 
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(b) Light Traccor - a "light tractor" to be used for 

compacting fill material shall be a standard commercial make crawler type 

tractor weighing between 7,500 and 12,000 pounds and having a width of 5
1/2 feet or less, measured between the outside edges of the crawler 

tracks. 


(c) Plate Vibrator - A plate vibrator shall be an 

approved plate surface vibrator designed for the compaction of soils by 

vibration and the product of a manufacturer nationally recognized as a 

specialist in the design and manufacturer of such equipment. The surface 

contact plate shall be between 15 and 18 inches in width. 


(5) Dumped Fills. Dumped gravel fill shall be placed by 

end dumping the material on a working surface and then pushing it into 

position by crawler dozer or similar equipment or by bucket lowering into 

the bottom and releasing the load on the bottom. Dumped fill material may 

be placed without dewatering of the foundation area. 
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APPENDIX A 

EPA Enforcemene Approach Co Asbescos Sice Cleanup 

1. General: The following paragraphs were abscracted from a paper 
entitled, "U.S. EPA Enforcement Approach To Asbestos Site Cleanup" by 
Deborah S. Dalton (date unknown), U.S. Environmental Protection Agency, 
Office of Water Programs Enforcement, Washington, D.C. 

2. Introduction: Superfund has been used to accomplish cleanup at a 
number of National Priorities List (NPL) and non-NPL sites, where the 
primary or only contaminant of concern is asbestos. National Priorities 
List sites include: Mountain View Mobile Home EsCaces, Globe, Arizona; 
Coalinga Asbestos Mine, Coalinga, California; Atlas Asbestos Mine, Fresno 
County, California; Ambler Asbestos Piles, Ambler, Pennsylvania. Non-NPL 
sices include ten sites in and around Hudson, New Hampshire; the Jaquays 
Hill sice, Globe Arizona; and the Lloyd Hodges site. East Chicago, 
Indiana. Many of these were or are involved in enforcement action under 
RCRA '7003 or CERCLA '106. 

In this paper the author will describe Che approach Caken in 
seleccing remedial action at sites which are/were subject of intense 
enforcement involvement. Considerations used in selecting or approving 
the appropriate remedies at these sites will be outlined and the final 
cleanup actions will be described. 

3. Asbestos: 

a. Scientific Status 

The definition of asbestos listed in the Glossary of Geology is: 

(1) A commercial term applied to a group of highly fibrous 
silicate minerals that readily separate ineo long, chin, scrong fibers of 
sufficienc flexibilicy Co be woven, are heac resiseanc and chemically 
inerc, and suicable for uses (as in yarn, cloeh, paper, painC, brake 
linings, eiles, insulacion cemene, fillers and filcers), where 
incombuscible, nonconduccing, or chemically resisCanc macerial is 
required. 

(2) A mineral of Che asbescos group, principally chrysocile 
(besc adapCed for spinning) and cereain fibrous variecies of amphibole 
(example: Cremolice, accinolice, and crocidolice). 

Inhalacion of asbescos fibers is known Co cause cancer in humans. 
Specifically, exposure Co asbescos can cause bronchogenic carcinomas in 
Che lung and pleural and peritoneal mesotheliomas afcer a lacency period 
of up CO 30 years. Asbescos is also kno«m co lead Co respiraeory 
asbeseosis, characcerized by fibrosis calcificacion and fibrosis of Che 
pleura. There is very limiced informacion from which co infer che danger 
of cancer from ingescion of asbescos fibers in food or drinking wacer. 
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b. Legal Seacus 


Asbestos is listed as a hazardous air pollutant under the Clean Air 
Act (CAA), Section 112. Asbestos air emissions are regulated by the 
Nation Emissions Standards for Hazardous Air Pollutants (NESHAPS) at 40 
CFR Part 61, Subpart H. Asbescos is liseed t s a coxic pollucanc under 
Seccion 307(a)(1) of che Federal Wacer Pollucion Conerol Ace (FWPCA). 
Asbestos is regulated in work places by OSHA (29 CFR Part 1910) and in 
schools by the U.S. EPA under the Toxic Substances Control Act (TSCA). 

Although asbestos is not a hazardous waste listed under the RCRA 

regulations (40 CFR Part 261), its disease-causing properties meet the 

standards of the statutory definition of RCRA 11004 (s). This toxic 

property of asbestos allows use of the substantial hazard standard of RCRA 

'3013 and the imminent and substantial endangerment standard of '7003 for 

enforcement purposes. Because of its listing in CAA and FWPCA, asbestos 

is, by definition, a hazardous substance under CERCLA '101(14), enabling 

the U.S. EPA CO cake removal or remedial accion wich che Superfund or co 

take enforcement action for cleanup through administrative orders or 

judicial action under '106, and for cost recovery under '107. 


Several enforcement actions have tested Che U.S. EPA's response and 

enforcemene auchoricies. The U.S. EPA has prevailed in chese actions. In 

1983, after oral argument and testimony in U.S. v. Johns Manville et al., 

the U.S. District Court in New Hampshire found "that there has been a 

release or there exists a substantial threat of a release in che 

environmenc of a hazardous subscance as concemplaced by '104(a)(1) of 

CERCLA" and ordered cwo defendancs Co allow che U.S. EPA access co cheir 

property to conduct a removal accion (insCallacion of a cap). In 1984, in 

U.S. v. Mecace Asbescos ec al., the U.S. Districe Courc of Arizona found, 

on a parcial summary judgemenc mocion, ChaC asbesCos is a hazardous 

subscance under che definicion at '101(14) by vireue of Che face ChaC 

asbescos is regulaced under Seccion 307(a) of FWPCA and under Section 112 

of Clean Air Act. The courc ruled againsC che defendancs' incerprecacion 

of che RCEIA exclusion of mining wasces. 


4. Sice Invescigacion/Characcerizacion; 


a. General 


The developmenc and seleccion of remedies aC asbescos sites varies 

litele in its process from the process used at any other hazardous waste 

site. On one hand, decisions are made easier because there is no 

information indicating subsurface lateral or downward movement of asbescos 

in a landfill and asbestos in noc a regulated hazardous waste under RCRA 

subtitle C. However, site investigations are made more difficult because 

analysis and quancificacion of asbescos is boCh complex and difficulc Co 

inCerpreC. 
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b. Sampling 


As wich any ocher hazardous wasce sice, it is important to determine 

the scope of the contamination and possible movement or transport of the 

hazardous substance off-site. Asbestos sites dealt with under Superfund 

have primarily been the result of waste disposal from mining, milling or 

manufacturing facilities in the immediate area of the site. Asbestos 

contamination of soils is the result of either on-site waste disposal 

activities or the result of off-site deposition of asbestos particles 

through soil erosion from surface water or wind. Thjere is no evidence_to 

date of significant subsurface downward or lateral migration in soils. 

However, there may be upward movement of asbescos parcicles or produces 

due CO freeze-chaw effeccs common co rock migracion in norchern and New 

England soils. There is no documencaeion of groundwacer transport of 

asbestos particles. 


Subsurface soil samples and soil cores should be taken to investigate 
the areal extent and depth of contamination at and around the site. Site 1 
vegetation can be sampled after a wind or rain storm to investigate 
whether asbestos may have been transported from the soil, into the air and 
resettled on vegecacion. Wipe samples should be Caken from buildings or ~~ 
equipmenC on-site. If che sice concains buildings or equipment which have 
air filters, these filters can be sampled. 

c. Analysis 


There are a number of uncertainties resulting from the 

difficulties of selecting a method of analysis, performing che analysis 

and incerprecing and applying che resulCs. A number of meChods are used 

for che idencificacion and quancicacion of asbescos in air, waCer and 

soils. Opcical polarized lighC microscopy, Cransmission eleceron | 

microscopy, scanning eleceron microscopy and x-ray diffraccion are useful^ 

buc limiced mechods. 


In general, ic can be logically argued chaC asbescos documenced on 

the surface of a site can be, and is, Cransporced off-sice b;" wind and by 

surface wacer runoff, to later be available for re-entrainment and 

subsequent exposure. 


5. Feasibility Studies/Remedial Design: 


a. General 


At chis poinC in cime, there is only one option for permanent 

disposal of asbestos; that option is burial.There are several ways to 

accomplish Chis resulc depending on Che size of the site and the volume of 

asbeseos-concaminaeed soil; (1) excavacion, cransporC, off-sice 

landfilling; (2) burial in an on-sice pit or landfill; (3) cap in place. 
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Because asbescos is neieher a waste listed nor regulated under RCRA, 

.disposal sites do not have to conform to Subtitle C standards. Off-site 

IdlVposal of asbestos wastes from a Superfund site may require a 

/juscificacion co be exempt from the U.S. EPA/OSWER Off-site Disposal 

/Policy which requires Superfund wastes to be disposed of only at sites 

I with RCRA permits and a good compliance record. Ac the time of this 

paper, the issue had not been raised on a site-specific basis. However, 


(adequate arguments that asbestos wastes do not require the groundwater 

I protections inherent in the Subtitle C landfill permitting process can be 

Z^made. General requirements for solid waste disposal under RCRA do apply 

(40 CFR Part 257). 


Under the Clean Air Act, NESHAPS requires closure of an asbestos site 

by covering the asbestos material with at least 6 inches of compacced 

clean fill macerial and vegecacion or 24 inches of compacced clean fill 

macerial (no vegecacion) or a resinous or peeroleum based duce suppression 

agent. The drawback of the latter method is that the duct suppression 

agent must be reapplied at least yearly to maintain maximum effectiveness. 


A general discussion of asbestos waste management is given in U.S. 

EPA publication number 530-SW-85-007, May 1985, entitled "Asbestos Waste 

Management Guidance." Choice of a remedial option should be based upon a 

number of factors in addition to RCELA and NESHAPS. In some cases, the 

minimum required standards may be inadequace for a long-Cerm remedial 

response. As mencioned above, duse suppression agencs have a finice shore 

life, 6 inches of fill may noC be an adequace cap in difficulc climaces or 

steep topography and vegeCacion may be difficulc Co esCablish or 


jnaincain. In ics enforcemene accions, Che U.S. EPA has focused on 

-5>)obcaining a remedy adequace for 30 co 50 years. 


The following consideraeions have been used in seleccing, 

recommending and/or approving remedies aC RCELA and Superfund enforcemene 

sices: 


Presenc sice use, excanc buildings and sCrucCures 

Sice accessibilicy Co che public 

Coneencraeion of asbescos in cEe' soil or wasces 

Volume of asbescos concaminaced soil or wasces 

Areal excenc of surface conCaminacion 

Depch of concaminacion 

Sice safety procedures during remedial work 

Topography 

Climate~="cemperaCure, rainfall, scorm evencs 

Vegecacion esCablishmenc and maincenance 

Fucure maincenance requiremencs 

Fucure use 
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b. Decision #1: On-Site or Off-Site 


The first decision to be made is whether the remedial action should 

take place on-site or off-site. The primary considerations in making this 

decision are^^site use, site accessibility and the concentration and volume 

of asbestos contaminated soil on the site. Future use may also be a 

consideration if the site is zoned for residential or industrial use. 


The extent and volume of contamination contribute directly to the 

decision as to the practicality and cost of excavation and off-site 

transport. On several sites in New Hampshire, asbestos manufacturing bag 

wastes were used as fill in marshy areas or ravines. Because of the depth 

of possible excavation and the large amount of waste to be transported, it 

was deemed more cost effective to cap the wastes in place. The 

concentration of asbestos in the soil and the accessibility of the site 

also contribute to the decision to excavate or cap in place. 


On several smaller sites in New England, there was only a small 

surface area a foot or so in depth of contaminated soil. In these cases, 

it was more practical and more protective of health to remove the 

contamination and transport it to the local landfill for proper burial. 


Residential sites should be looked at carefully to analyze the types 

and locations ot activity ana the locations of asbescos concaminacion. 

Certain typical suourban acCivicies such as gardening and landscaping may 

preclude on-sice disposal or capping. 


As a resulc of a scope of concaminacion sCudy performed aC Jlouneain 

View EsCaces. Globe. Arizona, ic was found that there was a fairly uniform 

distribucion of asbescos over each residencial loc. To adequacely procece 

residencs concinuing co reside in che subdivision, Chere were chree 

opeions ocher chan permanenc relocacion: (1) insCallacion of a cap in 

excess of 5 feec, (2) injjtallacion of a lesser cap wich rescriccions on 

any gardening, or heavy use of che lots for recreational uses or t37~ 

Somplece removal of all asbescos-concaminated soil. These options were 

rejecced upon consideration of chese and ocher faccors discussed below. 

Âe one sice in New Hampshire, a pockeC of asbescos conCaminaced fill was 

removed from a residencial loc because iC was deemed more proceccive Co 

healch and was feasible and cose effeccive Co excavace. 


A decision Co CransporC off-sice necessicaces excavation of the 

wastes; and consequently, che healch and safeCy of workers and nearby 

residencs during Che excavacion and transport of the wastes, whether to an 

ofT-site or on-site landfill, is of concern. The scope of intensity of 

protective measures will affect the cost and feasibility of the job and 

the oversight required. 
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c. Residential Site Considerations 


If there are residences on or adjacent to the site, sampling of 
settled dust should be done in those residences to determine whether 
asbestos has been transported from the site into them. Where chere is 
informacion chac asbescos aCCribuCed Co che sice is presenc. in any 
building (aside from asbescos ChaC may have been insealled as insulacion, 
siding or flooring) a decision musc be made a s Co che feasibilicy of 
cleaning the building and its contents. A company skilled in asbestos 
cleanup in buildings should be consulted in the early stages of design to 
determine the best procedures and timing for cleaning. 

It may be necessary to temporarily relocate nearby residents during ^ 

times of intensive sitework and building cleanup activities. The U.S. EPA 

temporarily relocated several families adjacent to sites in New Hampshire 

based on recommendations of the Centers for Disease Control and the 

judgement of the On-Scene Coordinator assisted by an industrial hygienist. 


Permanent relocation is an option that should be considered in the 

same time period as the decision for off-site or on-site disposal. The 

U.S. EPA permanently located more than 20 families from mobile homes at 

the Mountain View Estates in Globe, Arizona, after deciding that the 

mobile homes could not be cleaned adequately unless the interior walls 

were removed and the air spaces between the walls were cleaned. Interior 

walls in mobile homes are not air tight; air and dust can infiltrate the 

spaces between the walls. One option was to purchase new trailers for 

installation on site. However, because of Che uniform disCribucion of Che 

asbescos concaminacion of che sice, ic was felc chac a cap in excess of 5 

feec mighc be needed co allow for normal suburban residencial accivicies 

on che properCy. This was deemed to be not cose effecCive. The residencs 

were broughc ouc; title to the property was assumed by the State of 

Arizona. 


d. Decision #2; Cap in Place or Create On-Site Landfill 


If it is decided to complete the remedy on-sice, Che second decision 

is whecner co cap che concaminaced area in place or Co excavace and place 

che material in a burial pic or an on-sice landfill. Again, Che volume of 

che wasce is a primary consideracion. 


Topography or che physical characceriscics of che disposal sice are 

also consideraeions because of wind and waCer erosion. If che wastes are 

in a large tailings pile or in a steep slope, it may be more secure for 

che-long cerm co remove che wasces Co a burial pic or an area where Chey 

can be leveled off co the surrounding copography. A soil cover over a 

large sCeep sided pile may be a measure requiring a high degree of fuCure 

maincenance because of the increased possibility of erosion. Health and 

safety considerations for workers and the surrounding population may play 

a part in Che choice of capping in place or excavacion Co a new landfill 

sice. 
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e. Cap Design 


The design of a cap need noC be scricdy in accordance wich RCRA 

regulacions because, in Che case of an asbescos closure, che cap serves a 

I more limiced purpose chan for normal hazardous wasces; for asbescos, che 

purpose of che cap is Co prevenc remergence of che wasces on che surface 


' of che sice chrough che processes of wind and wacer erosion, freeze/thaw 

cycles and site use. At U.S. EPA enforcement sites, the nominal depth of 

the soil cap has varied from 6 inches to 5 feet, depending on 

topographical features, rainfall, wincer cemperaCure excremes, vegecacion 

requiremencs, fuCure maincenance requiremencs and fuCure uses. Caps have 

been finished off wich gravel, rip rap and/or vegecacion depending on the 

foreseeable maintenance requiremencs, dimace and aeschecics. In mosc 

[enforcement actions, the U.S. EPA has been reluctant to accept the 6 

linches plus vegetation minimum under NESHAP because of doubts about how 

'long the cap would last due to erosion and continued site use. 


The Corps of Engineers at the Cold Regions Research Laboratory in 

Hanover, New Hampshire has recommended a minimum of 2.5 feet of soil as a 

cap for New England sites because of research which found that there is an 

annual upward movement of pebbles, rocks and presumably asbestos particles 

through the action of freezing and thawing. They recommend that the top 

of the asbestos layer be lower than the mean freeze line in the soil after 

the cap is installed. 


The Arizona-Nevada Area Office of the Corps recommended a minimum of 

2 feet of cover fill material at the Mountain View Estates site because of 

che deserc dimace and the potential for heavy storm erosion. The Scace 

of Arizona will assume maincenance responsibilicies for chis sice afcer 

consCruccion. However, a 5 fooC layer of soil was chosen at the adjacent 

Jaquays sice because of che higher coneencraeion of asbescos in che 

callings and che need Co design a remedy wich minimal fuCure maincenance 

by che owner/operacor. 


Liners have hegn used at spveral siCes, primarily CO SCabilize 

excavacions or Co indicace excensive erosion, ine liners nave been boCh 

PVC and woven tilcer fabric and have been used on cop of rather rhan imHor 

che asbescos contamination. In Ambler, Pennsylvania, a maCCing layer of 

paper fibers in polypropylene was used on cop of che clean fill Co 

SCabilize Che sceep slopes of che asbescos piles during Che cime ic cook 

for che vegecacion co become escablished. Because chere is no information 


^ chac asbescos migrate* dounwarH or lacerally. a boccom liner is noc 

y needed. 

The depch of che cover or cap is relevanc also Co the ability to 

establish and maintain vegetation. Some asbestos wastes are highly 

alkaline and may be very high in magnesium. The New Hampshire and 

Pennsylvania sites have had pHs of 12 or more. Too little soil on top of 

che asbescos wasces could resulc in vegecation being unable to become 

escablished or dying afcer several seasons of growch. In addicion, 
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asbestos tailings are lacking in nutrients. If a lesser depth of soil is 

used for a cap, the maintenance requirements should require frequent 

fertilization and pH adjustments to maintain a healthy mat of vegetation. 

Vegetation is recommended to stabilize che cover when adequace 

rainfall is available co maincain growch wichouc irrigacion. The Corps of 

Engineers and Che Soil Conservacion Service have been very helpful in 

selecting vegetation types, mostly grasses and ground covers such as crown 

vetch, that are adapted to specific climate regions and particular soil 

types. In areas with little natural rainfall or on steep slopes a gravel 

or rip rap finishing layer should be used in place of vegetation. Asphalt 

or concrete paving is another option tor a cap, especially on sites which 

may be designated for industrial uses, parking IPCS or arlVftWAyrr 


6. Site Construction Work; 


Some general recommendations have been made to guide responsible 

parties in the drafting of health and safety plans. OSHA approved 

respirators should be required. Work clothing need not be impermeable but 

should be disposable or able to be cleaned on site. Under no 

circumstances should workers take contaminated clothing off the site for 

cleaning. A number of epidemiology studies have suggested chac 

contaminated clothing can be a significant source of exposure to families 

of asbestos workers. 


Visible emissions are a violation of NESHAPS. They also endanger 

sice personnel and concribuce co off-sice air CransporC. Special 

consideration must be given to dust conCrol wich wacer and a dusc 

suppressanc. If Che asbescos is in large Callings piles, as iC has been 

aC several sices, Che incerior of Che piles may or may not have a moisture 

contenc sufficienc co prevenc encrainmenc under lighc wind condicions 

during removal accivicies. A moisture conCenC of lOZ in addicion co 

conscanc soaking during excavacion Co prevenc moisCure losses chrough 

evaporacion is recommended in chese sicuacions. 


Buildings on or adjacenC to the site should be sealed Co prevenc dusC 

infilcracion. Air circuLacing equipmenC should be shuc down, and incase 

vencs should be covered wich sheeCs of plascic. Doors, windows and 

foundacion and roof vencs should be sealed with plascic, too. After the 

site work has been compleced, buildings should be hosed off. EquipmenC 

used on che sice should be cleaned prior Co insCallacion of dean cover 

macerial. EquipmenC air filcers should be replaced prior Co use on any 

ocher sice. 


7. Maincenance Provisions; 


Seleccion of cap design for eicher a burial pic or an above ground 

landfill should Cake inco consideracion Che intensity of maintenance 

requirements and the presence of some private party, company or govern
mencal encicy Co concinue oversighc, maincenance, and repair of che cap. 


A-9 


m mmM'mDi 




Je less likely a parcy is to be able to continue intensive maintenance,] 

e more important the depth of the cap and the choice of vegetation or 

nishing layer of rocks becomes. Consent decrees or orders should 


conCain specific requiremencs for maincaining che incegricy of che cap 

through regular fertilization, pH adjustment, mowing, reseeding of 

vegetation, and regular checks and repairs of erosion damage or 

subsidence. 


8. Future Use of Property: 


Deeds or property records should be noticed with the location, size, 

and depch of buried asbescos wasces. Propercy where asbescos has been 

buried on-sice can be used in ways limited only in so far as a cap or 

burial pit cover should not be disturbed. If it is necessary to disturb 

the cap, care should be taken to rebury asbestos contaminated soil 

securely; strict health and safety procedures should be observed during 

additional construction. U.S. EPA consent decrees have included 

requirements for a deed notice and advance nocification and prior approval 

of Federal and State agencies foi-~any activity which wouI'd'Uisturb the cap 

over an "asbestos waste disposal TiYe^ 


9. Conclusions: 


An asbestos waste disposal site shares many considerations and 

features of its invescigacion, remedial design and remedial implemencacion 

wich ocher hazardous wasce sites. However, chere are a number of 

imporcanc differences. Asbescos is noC a regulaCed hazardous wasce under 

RCRA Subcide C buc is a regulaCed hazardous air pollucanc under the Clean 

Air Act. Asbescos is, however, a hazardous subsCance under CERCLA. 


The primary endangermenC from asbescos resulcs from air cransporC and 

inhalacion exposure. There is liccle evidence chac asbescos moves down

ward or lacerally in subsurface soils. The primary remedial response for 

asbescos is burial. There are chree major means of accomplishing chis 

response: (1) excavacion, CransporC, and off-siCe disposal; (2) 

excavation and on-sice disposal; and (3) capping in place. A number of 

consideraeions are discussed in chis paper for seleccion of remedies which 

are appropriace whecher che governmenc or a privace parcy will perform 

remedial consCruccion. 
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SECTION 4 


THE SCS RAINFALL-RUNOFF RELATION 


The volume of runoff (Q) depends on the volime of precipitation (P) 

and the volume of storage that is available for retention. The actual re

tention (F] is the difference between the volumes of precipitation and run

off. Furthermore, a certain volume of the precipitation at the beginning 

of the storm, which is called the initial abstraction (I ), will not appear 

as runoff. The SCS assumed the following rainfall-runoff relation, which 

is shown schematically in Fig. 3: 


F_ . 

(2) 
S ~ P-I 


in which S « the potential maximum retention. The actual retention, when 

the initial abstraction is considered, is: 


F « (P-I^) - Q (3) 


Substituting Eq. 3 into Eq. 2 yields the following: 


— s — r k ; w 
Rearranging Eq. 4 to solve for Q yields: 


The factors in Eq. 5 are best understood when placed in the form of a 

mass curve. Fig. 4 shows a schematic of the mass curve of Q vs. P. The 

volune of precipitation is separated into the initial abstraction, the re

tention, and the runoff. 


The initial abstraction is a function of land use, treatment, and con

dition; interception; infiltration; depression storage; and antecedent soil 

moisture. An empirical analysis was performed for the development of the 

SCS rainfall-runoff relation, and the following formula was found to be best 

for estimating I, 


a 

I^ « 0.2 S (6) 


Research performed since the development of Eq. 6 has suggested that Eq. 6 

may not be correct under all circumstances; however, it remains in use until 
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infiltration curve 


Time 


FIGURE 3. Relationship Between Precipitation, Runoff, and Retention 


P-Ia 


FIGURE 4. A Mass Curve Representation of the SCS Rainfall" Runoff Relationship 
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a more comprehensive study is accepted. It is important to note that Eq. 6 

implies that the factors affecting I would also affect S. Substituting 

Eq. 6 into Eq. 5 yields: 


„ (P-0.2 S)^ 

Q " P.0.8 Ŝ  C7) 


While Eq. 5 has two unknowns, I and S, Eq, 7 has been reduced to an 

equation with one unknown, S. Empirical studies indicate that S can be 

estimated by: 


in which CN » runoff curve number. Thus, the rainfall relationship of Eq. 7, 

which has one unknown, has been replaced with another relationship with one 

unknown, CN, Since S is a function of the factors that affect I , one should 

expect that the CN would also be a function of land use, antecedint soil 

moisture, and other factors that affect runoff and retention. 
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SECTION 5 


CURVE NUMBER ESTIMATION 


The volume and rate of runoff depends on both meteorologic and water

shed characteristics, and the estimation of runoff requires an index to 

represent these two factors. The precipitation volume is probably the 

single most important meteorological characteristic in estimating the 

volume of runoff. The soil type, land use, and the hydrologic condition 

of the cover are the watershed factors that will have the most significant 

impact in estimating the volume of runoff. The antecedent soil moisture 

will also be an important determinant of runoff volume. 


The SCS developed an index, which was called the runoff curve number 

(CN), to represent the combined hydrologic effect of soil, land use, agri

cultural land treatment class, hydrologic condition, and antecedent soil 

moisture. These factors can be assessed from soil surveys, site investi

gations, and land use maps; when using the SCS hydrologic methods for de

sign the specification of the antecedent soil moisture condition is often 

a policy decision that suggests average watershed conditions rather than a 

recognition of a hydrologic condition at a particular time and place. 


Soil Group Classification 


SCS developed a soil classification system that consists of four groups, 

which are identified by the letters A, B, C, and D. Soil characteristics 

that are associated with each group are as follows: 


Groi^ A: deep sand, deep loess, aggregated silts 


Grox^ B: shallow loess, sandy loam 


Group C: clay loams, shallow sandy loam, soils low in organic con

tent, and soils usually high in clay 


Group D: soils that swell significantly when wet, heavy plastic clays, 

and certain saline soils 


The SCS soil group can be identified at a site using one of three ways: 


1. soil characteristics 


2. county soil surveys 


3. minimum infiltration rate 


The soil characteristics associated with each groxip are listed above. Coimty 

soil surveys, where they are made available by Soil Conservation Districts, 

give a detailed description of the soils at locations within a county; these 

surveys are usually the best means of identifying the soil group. Soil 
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analyses can be used to estimate the minimum infiltration rates, which can 

be used to classify the soil using the following values: 


Group Minimum Infiltration Rate (in/hr) 


A 0.30 - 0.4S 

B 0.15 - 0.30 

C 0.05 - O.IS 

D 0 - 0.05 


Cover Complex Classification 


The SCS cover complex classification consists of three factors: land 

use, treatment or practice, and hydrologic condition. There are approximate

ly fifteen different land uses that are identified in the tables for esti

mating curve number. Agricultural land uses are often subdivided by treat

ment or practices, such as contoured or straight row; this separation re

flects the different hydrologic rxjnoff potential that is associated with 

variation in land treatment. The hydrologic condition reflects the level 

of land management; it is separated with three classes: poor, fair, and 

good. Not all of the land uses are separated by treatment or condition. 


Curve Number Estimation 


Table 2, which is a compilation of the CN tables provided in NEH-4 and 

TR-55, show the CN values for the different land uses, treatment, and hy

drologic condition; separate values are given for each soil group. For 

example, the CN for a wooded area with good cover and soil group B is 55; 

for soil group C, the CN wo\ild increase to 70. If the cover (on soil group 

B) is poor, then the CN will be 66. 


Antecedent Soil Moistxnre Condition 


Antecedent soil moisture is known to have a significant effect on both 

the volume and rate of runoff. Recognizing that it is a significant factor, 

SCS developed three antecedent soil moisture conditions, which were labeled 

I, II, and III. The soil condition for each is as follows: 


Condition I: soils are dry but not to wilting point; 

satisfactory cultivation has taken place. 


Condition II: average conditions 


Condition III: heavy rainfall, or light rainfall and low 

teaperatures have occurred within the last 

5 days; saturated soil. 


The following table gives seasonal rainfall limits for the three antecedent 

soil moisture conditions: 


Total 5-day Antecedent Rainfall (inches) 

AMC Dormant Season Growing Season 

I Less than 0.5 Less than 1.4 
II 0.5 to 1.1 1.4 to 2.1 
III over 1.1 over 2.1 
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TABLE 2. Runoff Curv* Nuabart for Hy4TOlO|ie Soll>Cav«r Coapltx** 

(Antacadtnt Moittur* Condition II, and I * 0.2 S) 

Und U f D«»CTipilon/Tro«t—nt/Hrdroloiic Condition 


Roiidcntial:-	 A B C D 


Avtrsgt lot fix* Avorago % Iiporviou*

l/t aero or lots 6S T7 BS 90 92 
I / * «er« i t 61 7S »3 17 
I/S acr* 30 S7 72 tl 16 
1/2 aero 2S S4 70 to ts 

1 acr* 20 	 SI 68 79 t4 


Pavod parking lots, roofi, drivowars, t t c - 9t 9t 9t 9t 


Stra«ts and roads: 
pavad with curbs and stoia s«w«r ±/ 9B 98 98 98 
graval 76 8S 89 91 
dirt 72 82 87 89 

Caaaarcial and business arms (tS% iaporvious) 89 92 94 95 


Industrial districts (72% iaporviou*) 	 81 St 91 93 


0 p m Spacas, lams, parks, golf coursas, caaatarias.atc. 

good condition: graa* covar on 75% er aora of tha araa 39 61 74 80 

fair condition: grass eevar on S0% to 7S% of tha araa 49 69 79 84 


FalloH Straight  r w 	 77 86 91 94 


Raw crops Straight roa Feer 72 81 88 91 
Straight roH Good 67 78 85 89 
Contourad foot 70 79 84 88 
Caatonrad Good 65 75 82 86 
CoatouTod t tarraead Poor 66 74 80 82 
Coatourad t tarraead Good 62 71 78 81 

Saall grain Straight r«« Poor 65 76 84 88 
Good 63 75 83 87 

Coatourad Poor 63 74 82 85 
Good 61 73 81 84 

Conteurad t tarraead H O T 61 72 79 83 
Good 59 70 78 81 

Closa -saadad Straight ro« Poor 66 77 85 89 

laguaatl^ Straight row Good 58 72 81 85 

or Coatourad Poor 64 75 83 85 

rotation Coatourad Good 55 69 78 83 

•aadoM	 Coatourad t tarraead Poor 63 73 80 83 


Coatourad t tarraead Good 51 67 76 80 


Pasture Poor 68 79 86 89 

or range Fair 4» 69 79 84 


Good 39 61 74 80 

Coateuiad Poor 47 67 81 88 

Coatourad Fair 25 59 75 83 

Coatourad Good 6 35 70 79 


MaadoM	 Good 30 58 71 78 


Hoods or Poor 45 66 77 83 
Forest laad Fair 36 60 73 79 

Good 25 SS 70 77 

Faiastaads	 — • 59 74 t2 B6 


diraetad towards tha ttraat with 

where addltioaal laflltratiea could eeeur. 


-'The raaalaiag parvloua area* (lawa) are ceasldarad to ba in good pasture 

coadltlea for that* carve : 


-^In soaa aaraer ellaates of tl>a couatry a eurva aM*er of 95 aar be aaad. 

^ a e a e -drlllad er broadcin. 


FOR l E F E n S ' ; ^ ^ ONLY 
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In design, the antecedent soil moisture condition is often a policy decision 

rather than a statement of actual soil conditions at the site during develop

ment. 


The CN values obtained from Table 2 are for soil moisture condition II. 

If either soil condition I or III is to be used, the CN can be adjusted 

using the following table: 


CN for

Condition II


100 

95 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 


 Corresponding CN for Condition 

1 III 

100 100 
87 99 
78 98 
70 97 
63 94 
57 91 
51 87 
45 83 
40 79 
35 75 
31 70 
27 65 
23 60 
19 55 
15 50 
12 45 
9 39 
7 33 
4 26 
2 17 
0 0 
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SECTION 7 


ESTIMATING THE TIME-OF-CONCENTRATION 


Time is an important element in hydrologic forecasting. This is re

flected in the fact that most hydrologic methods include a time variable as 

input. The SCS methods are no different, and the time-of-concentration was 

selected as the best indicator of the effects of time. 


The time-of-concentration (t^) is a measure of the time for a particle 

of water to travel from the hydrologically most distant point in the water

shed to the point where the design is to be made. Additionally, the follow

ing operational definition is sometimes used with respect to unit hydro-

graphs: the time-of-concentration is the time from the end of rainfall ex

cess to the point of inflection on the recession. While this operational 

definition will be used in developing the SCS unit hydrograph, the former 

definition should be understood for^the computation of time-of-concentra

tion estimates. 


Hydrologists have developed numerous methods for estimating the time-

of-concentration. Two methods are recommended within NEH-4 and TR-55, the 

lag method and the upland, or velocity, method. Almost all methods of esti

mating the time-of-concentration use the slope, the hydraulic length, and 

some measure of land use; the lag and velocity methods are no different in 

that they use these three factors. The hydraulic length is the distance 

from the hydrologically most distant point in the watershed to the point 

where the design is to be made. 


The Lag Method 


The lag method relates the time lag (L) which is defined as the time in 

hours from the center of mass of rainfall excess to the peak discharge, to 

the slope (Y) in percent, the hydraulic length (£) in feet, and the maximum 

retention (S): 


0.8 0.7 


L '	 ^ Q s C9) 

1900Y"*^ 


in which S is given by Eq. 8. The time lag can also be determined from the 

nomograph of Fig. 7. Empirical evidence used in developing the SCS methods 

resulted in the following relationship between the time-of-concentration and 

the lag: 


t = 4 L	 (10) 
•c 3 


in which t̂ . is measured in hours. 


^ u  t	 IJiii--j'i,«li:.a:î :.\:;VĴ J.fc-ii:.a::ia;.\..V:^ksa HO'l-^ii 
 C.l 
*-iJ
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SECTION 8 


THE GRAPHICAL METHOD 


Part of Chapter 5 in TR-55 describes a method for estimating the peak 
discharge. The method, which is referred to as the graphical method, de
rives its name from a graph that relates the time-of-concentration (hours) 
and the unit peak discharge (cfs/mi^/in). The input data requirements are 
minimal and include the return period in years (T), the 24-hour, T-year pre
cipitation in inches (P), the runoff curve number (CN), the drainage area in 
square miles (A), the slope in percent (Y), and the hydraulic length in feet 
(HL or I ) . The land use is also required if the velocity method is used to 
estimate the time-of-concentration. 

The procedure requires the volume of runoff to be estimated from either 

Eq. 7 or Fig. 5 using T, P, and CN as input. The time-of-concentration can 

be estimated using either the lag method or the velocity method. The unit 

peak discharge is estimated from Fig. 9. The peak discharge equals the pro

duct of the unit peak discharge, the drainage area, and the volume of runoff. 


The computation sheet of Table 3 provides a convenient means of summa

rizing the input data and the resulting peak discharge. 


The graphical method is recommended: 1) where valley routing is not re

quired, and 2) for watersheds where land use, soil, and cover are uniformly 

distributed throughout the watershed. 


Example 8-1 


Find the peak discharge for a 300 acre watershed having a slope of 4 

percent, a CN of 70, and a hydraulic length of 6400 feet. Assume the 24
hour, 25-year precipitation is S inches. 


The computations are summarized on the computation sheet of Table 4. 

The lag method yielded a lag of 0.95 hours and a time-of-concentration of 

1.58 hours. The runoff volume for a precipitation of 5 inches and a CN of 

70 is 2.05 inches. The unit peak discharge for a time-of-concentration of 

1.58 hours is 228 cfs/mi^/in. The resulting peak discharge is 219 cfs. 


Accuracy of the Graphical Method 


The graphical method was developed from the tabular method of Section 

10 for the case where the travel time was zero. Thus, the graphical method 

is subject to the limitations of the tabular method. Specifically, the 

graphical method should not be used when runoff volumes are less than about 

1.5 inches for curve numbers less than 60. Furthermore, the subareas should 
be less than 20-square miles in area and there should not be large changes 
in runoff curve numbers among the subareas of the watershed. These limita
tions are given in TR-55. a ^ a ^ ^ »~.. .-u, .. 
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TABLE 3. COMPUTATION SHEET: TR-5S GRAPH METHOD 


1. Estimate the volume of runoff 


*a. T » (years): return period for design 


*b. P - (inches): 24-hr, T-year precipitation volume (i.e., depth) 


*c.CN » : runoff curve number 


d. q -	 (inches): runoff volume obtained from Eq. 7 or Fig.5 


2. Drainage Area: A > 	 (Square miles) 


3. Estimate Time-of-Concentration (use either the lag method or the velocity	 method) 

LAG MEWOD VELOCITY METHOD 

*a. CN » *a. land use 

*b. Slope • .(») *b. slope « (*) 

*c. hydraulic length .(ft) *c. hydraulic length (ML) s (ft) 

d. L  (hours): fron Fig. 7 d. velocity (V) * (fps): from Fig.8 

(hours) • T L 
'• *c '

HL 
 3600V (hours) 

4> Estimate unit peak discharge (q') > 	 _(cfs/mi^/in): use Fig. 9 


S. Estimate peak discharge QQ * 4^ AQ 	 (cfs) 


FOR REFEREMCE ONLY 

indicates required input 
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Figure 9. Peak discharge in csm per inch of runoff versus time of 

concentration (Tc) for 2^-hou2; type-II storm distribution. 


To further define limitations on the graphical method the results of 

numerous TR-20 runs were compared with estimates of peak discharge made with 

the graphical method. The runs were made for ranges of the time of concen

tration (hours), the precipitation volume (inches), and the curve number of 

0.5 to 5.0 hours, 1.0 to 10.0 inches, and 50 to 95 curve number units, re

spectively. The results indicate that the graphical method is a valid ap

proximation of TR-20 as long as the initial abstraction is less than 25 per

cent of the total 24-hour rainfall; this constraint is easily assessed using 

the following tabular representation of the constraint, which relates the 

curve number (CN) and the minimum precipitation: 


minimum 

CN precipitation 


50 8.00 inches 

60 5.33 

70 3.42 

80 2.00 

90 0.88 

95 0.42 -.^
FOR REFERir^CE Or^LY 
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6.0 SANITARY SEWER AND STORM DRAIN DESIGN AND RELOCATION 

The existing on-facility sanitary sewer bridge that crosses the Neponset River and the 

sanitary sewer line that parallels the river must be abandoned and the corresponding 

flow rerouted. The existing storm drains that currently discharge into the Neponset 

River on the west side of South Street must also be relocated. The sewers and storm 

drain must be abandoned since they are located within the proposed area of 

containment (see Section 5.0). 

Canonie contracted GCG Associates, Inc. (GCG) to investigate the most practical 

relocation route for the sanitary sewer. The final report from GCG will be provided 

in an independent document, subject to approval by the Town of Walpole. 

There are two storm drains that currently discharge into the Neponset River. One 

storm drain collects the stormwater from the north side of the river. The second 

storm drain collects water on the south side of the river. The existing storm drains 

will be rerouted to discharge into the Neponset River on the east side of the South 

Street bridge. The discharge points will be located approximately 15 feet east of the 

South Street bridge. This will eliminate the possibility of the storm drain discharge 

interfering with the installation of the steel dam. 

Currently, stormwater that is collected from the vacant building is discharged into the 

area designated as Lagoon Number Two. This storm drain will be rerouted to the 

north around Lagoon Number Two. This is necessary since the area in the vicinity of 

Lagoon Number Two will be part of the asbestos containment area and will be 

capped. The storm drain will be rerouted around the containment area and will 

discharge into the mill tail race. 

CanonleEnvironmental 
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from which it can be seen that the Darcy-Weiabach formula 
[Eq. (6-19)] is a rearrangement of the Cbezy formula, the rough
ness coefficients being related as foUows: 

- ! ? (6-24) 

From the previous discussion concerning Fig. 6-4 it may be 
concluded that the Cbetj formula would give excellent results 
for flow in rough conduits at large Reynolds numbers, where the 
exponent of 7 ia approximately 2. When later investigators 
found that thia formula did not adhere to test results for smooth 
pipe with low velocities, other empirical formulas were devised 
to satisfy each particular group of tests. t)nly in recent years 
has it become generally recognised that all auch testa can be 
unified by means of Reynolds number. 

A dimensional investigation of the Chesy formula will show 
that the left term has the dimension LIT whereas the right :>ide 
ia simply LM. The expression is therefore not dimenaionally 
homogeneous and can be used in the above form only in the 
foot-pound-second system. 

Ttu Manning^ Formula. Manning concluded that C in Chesy 
should vary with rM aa follows: 

Aoa 
(6-25) 

where n ia the roughneas coefficient. Substitution of Eq. (6-25) 
in the Chesy formula [Eq. (6-22)] yielda the following equation, 
which ia in the form uatially referred to aa the Manning formula; 

V - l i ! ? r M . M (6-26) 
It 

It is ob-vious from the variation in values of n derived from 
various tests that the constant 1.486 could be written 1.49 or 
1.5 with no sacrifice in accuracy. It may be noted that the 
exact value of the constant in the Manning equation waa chosen 
because it ia the cube root of the number of feet in one meter 
(3.281) and ia therefore the factor required to convert to the 
foot-pound-second system from the metric form of the Manning 
formula. 

' Robtr t MaBBiac Flow of Water in Opan Cbaantla kod n p M , Troiu. 
luM. C » a Ka«r«. (/nteiU). TOL 30. 1890. 
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For round pipes flowing full, d/4 may be substituted for r 
and the Manning formula becomes 

0.590 d^Vi (&-26a) 

A comparison of the Manning equation [Eq. (6-26)] with the 
Darcy-Weisbach equation [Eq. (6-19)] reveals the following 
relationship between n and /  : 

185n' 
/ - (6-27) 

I t is convenient to express the Manning formula, «^en used 
for pipes, in one of the following forms: 

(6-26o) 
n 

- 0.463 _. I, (6-266) 
n 

IV* 
* - 2 . 8 7 n . ^ (6-26C) 

fc-4.66n.jg (6-26d) 

. /2.159<?n\H 
(6-26<) 

(6-26/) 

The solution of the Manning formula expressed in terms of 
the diameter in inches dv, t, and the discharge Q [formula 
(6-26/)] is given in Table 6-2. It is assumed that the length 
of pipe ia known and that the value of n haa been selected. The 
use of thia table in solving three types of problema ia described: 

1. To dtUrmine di, t and Q being given: Table 6-2 gives 
directly the diameters of pipes in inches. 

2. To dttermin* ; dt and Q being given: On the page having 
the proper n, in the same row with the given discharge, find 
the diameter nearest to the given diameter. At the top of the 
column will be the approximate valuea of «. Cloaer valuea can 
be obtained by interpolation. 

3. To determine Q, « and dt being given: On the page having 
the proper ti, in the same column with the given «, find the 
diameter nearest to the given diameter. At the left end 

http:fc-4.66n.jg
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of this row will be the approximate discharge. Ckuser valuea 
can be obtained by interpolation. 

Inasmuch as hydraulic formulas are never accurate enough 
to justify Tei7 dose adherence to them, great exactness in 
interpolation ia not desirable. 

The values of n contained in the following table are recom
mended. Practically all the experimental results that have 
been published lie between the extremes of theae valuea. 

Values of n for Pipes, to Be Used with the Manning Formula 

C M in 
Tuia t ioo 

S i a d o l pip* 

From To Fn>m To 

CUan uneoaud eaat-inm pip* 0.011 O.OIS 0.013 O.OIS 
Cban eoaUd mm iroa pip* 0.010 O.OU 0.013 O.OU 
Dir t r or tubereatetod ewt-iros pip*. . . 0.015 o.ms 
BiToUdiUt l pip* 0.013 0.015 0.017 0.017 
L«ek.b*r and waldad pipa 0.010 0.013 0.013 0.013 
GalTaniaad-iraa pip* 0.012 0.015 0.017 0.017 
Braaa and slaaa pip* O.OOS 0.013 
Wood.««aT* pip* 0.010 0.014 
Wood-atar* pip*, amall diam*t*r O.OU 0.013 
Wood.*taT« pip*, laTf* diam*t*r 0.013 0.013 
CoBcnt* pip* 0.010 0.017 
CoacTCt* pip* with nnish joint* O.OIS 0.017 
Conent* pip*, "dry mix." rousb forma 0.015 o.oie 
Cooent* pip*, "w*i a i x , " at**! forma. 0.013 O.OU 
Coaent* pip*, T*IT amooth 0.011 0.013 
Vitri6*d m w T pip* 0.010 0.017 0.013 0.015 
Common eUy diaiaac* til* 0.011 0.017 0.013 O.OU 
CofTi>s»t*d m*tal 0.0S3 0.035 
Rock, anlia*d 0.038 0.0«1 

EaaBwUd at**! 0.000 0 010 


The following tables will be found helpful in various aolutiona 
of the Manning formula: square roots of decimal numbers, 
Table 7-17j two-thirds powers of numbers. Table 7-18; three-
eighths powers of numbers, Table 7-20; areas of circles by 
hundredths. Table 6-4; diameters of circles in feet and inches 
with areas in square feet. Table 6-3. Table 6-5 gives circum
ferences of circles. 
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FIG. A . - O N E - H O U R RAINFALL, IN INCHES. FIG B. - ONE-HOUR RAINFALL. IN INCHES. Fia t - ONE-HOUR RAINFALL, IN INCHES. 
TO BE EXPECTED ONCE IN 2 YEARS. TO BE EXPECTED ONCE IN 10 YEARS. TO BE EXPECTED ONCE IN 50 YEARS. 

FIQ. D. - ONE-HOUR RAINFALL, IN INCHES, F i a £ . - ONE-HOUR RAINFALL, IN I N £ H E S , Fia. F. - ONE-HOUR RAINFALL, IN INCHES 
TO BE EXPECTED ONCE IN ^ YEARS. TO BE EXPECTED ONCE IN 25 YEARS. TO BE EXPECTED ONCE IN 100 YEARS*. 

COMPUTATION OF I IN fiATIONAL FOI^/^ULA. 
f^XAMPL£:/Issume expectancy p e r i o d =5 years, 3ee t^lg. D, assume tocat/ty. f / nd IJ iour / n t c n s i t y n s t n . per fiour. 

^ 

I 




