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DEFINITIONS 

BASELINE CONDITIONS. F o r  th i s  r ep o r t, th e f l ood p l a i n  a n d  f l o od damages 

res u l ti ng f rom fu tu re ,  ful l y- u rb a n i z e d  d i s c h a rge s  a n d  th e ex i s ti n g pl a y a  

l a k e  co n f i g u r a ti o n s .  Used fo r compa r i so n  to assess th e ef fec ti veness of a 

fl ood co n trol al te rn a ti ve .  

DESIGN FLOOD. T h e  peak d i sch arge resul ti ng f rom a des i gn s to rm .  

DESIGN STOR M. A s to rm d u r a ti o n  w h i c h  p r od uce s a r u n o f f h y d r o g rap h o f  a 

g i ve n  f r e q u e n c y  to b e  u s ed  i n  th e e val u a ti o n of an i mp ro veme n t to a pl aya 

l ake or o ve rf l ow rou te .  

DISCHARGE. A s  a p p l i e d to a p l a y a  l a k e , th e r a te o f  o u tf l o w ,  o r  o ve rfl ow 

vol ume of wa te r  f l ow i ng ou t of a g i ven  pl aya l ake wi th i n  a g i ve n  pe r i o d o f  

ti m e , u s u al l y  q u o te d  i n  c u b i c  fee t pe r seco nd ( cfs ) o r  g al l on s  pe r m i n u te 

( gpm ) . 

DRAIN AGE AREA. T h e  a r ea tr i b u ta ry to a pl aya 1 ake ,  s tream , sew e r ,  o r  d ra i n .  

Al s o  cal l ed ca tch men t  a rea,  wa te rs h ed ,  a n d  r i ve r  bas i n .  

F LOO D. A n  o ve r f l ow o n to l a nd no t n ormal l y  co ve red by wa te r  and  tha t  i s  used 

o r  u s a b l e by  m a n . F l o od s h a ve tw o e s s e n ti a l c h a r a c te r i s ti c s : T h e  

in u n d a ti o n  o f  l a n d  i s  temp ora ry ; and th e l an d  i s  adj acen t t o  and  i n u n da ted 

by o ve rfl o w  f rom a p l a y a  l a ke , o r  an o ve r f l ow r o u te b e tw e e n  s u cce s s i ve 

pl ay as . 

FLOO D FREQUENCY. A me a n s  of exp res s i ng the probab i l i ty o f  f l o o d  occ u r rence s 

a s  de te rm i n e d  f rom a s ta ti s ti c al a n al ys i s  of rep resen ta ti ve s treamfl ow o r  

r a i n f a l l a n d  r u n of f  reco r d s .  A 1 0 -ye a r  f r e q u e n cy f l o o d  w o u l d h a ve a 

p ro b a b i l i ty of exceeda nce of once i n 10  years ( a  10 p e rce n t ch ance of be i ng 

equal l ed o r  excee
.
ded i n  any g i ve n  yea r ) . A 5 0 -ye a r  f r e q u e n cy f l o o d  wo u l d 

h a ve a p r o b ab i l i ty of exceedance of once i n  5 0  ye ars ( a  2 p e rce n t  c h ance of 

be i ng e q u al l ed or exce eded i n  any g i ve n  yea r ) . A 10 0-ye a r f r e q ue n cy f l o o d  

w o u l d  h a ve a p ro b a b i l i ty o f  exceed a n c e  o f  once i n  1 00 years ( a  1 p e rce n t  

ch a nce o f  be i n g e q u a l l e d o r  ex cee d e d  i n  a n y g i ve n  ye a r ) . A 5 0 0 - y e a r  

f re q u e ncy fl o od wo ul d h a ve a proba b i l i ty of exceeda nce of occu r rence i n  the 

o r de r o f  o n ce i n  5 0 0  ye a r s ( a  0 . 2  pe r ce n t c h a n ce o f  b e i n g e q u al l ed o r  

exceeded i n  any g i ve n  year ) . 

FLOO D PLAI N .  T h e  rel a ti vel y fl a t  a rea o r  l ow l ands ad jo i n i ng a p l a y a  l a ke o r  

al o ng a n  o ve rf l ow rou te ,  wh ich h as been o r  may be co ve red by f l ood w a te r. 

fLAYA. A l a rge , na tu r al , sau ce r-l i ke depress ion i n  th e topo g r a p hy i n to wh i c h  

s to rm wa te r  n a tu r al l y  fl ows and i s  reta i n ed . 

vi i i  



ABSTRACT 

Th e C i ty of L ub boc k , s i t uated i n  cen tral  L ub bock County ,  Texas , i s  d r a i n ed 

i n  the southern po rt i o n s  o f  t h e  C i ty by  p l a y a  l a k e  s y s tem s E 1 , E 2 , F ,  a n d  

S o u t h w e s t  S y stem ( P l ay a s  3 0 ,  2 9 ,  2 8 ,  a n d  91 ) .  A v i c i n i ty map fo r the stu dy 

area i s  on the i n s i de cove r of th i s  rep o rt .  F l ood i ng has occu r red i n  t h e  p a st 

on these systems of i nte rco n n ected pl ayas , w i th the most recent f l o od occ u r r i ng 

i n  Octobe r ,  1983 . The pl ayas a re i n  va r i o u s  stages of u r b a n i z at i o n ,  w i t h  t h e  

u p p e rmost p o rt i o n  o f  s y st em E 1  al mos t  c om p l et e l y u n devel o p ed . Fl ood pl a i n  

del i neat i o n  of the 1 9  pl aya l akes and the i r ove rfl ow ro utes i nd i cate s t h at t h e  
* 

1 0 0-ye a r  f l ood w i l l  d amage o r  s u r ro u nd ap proxi matel y 75 0 homes o r  b u s i nesse s .  

Th e tot al 100-yea r f l o od p l a i n  i n  the stu dy a rea cove rs about 3 . 7 squa re m i l es .  

Append i x  A .  conta i n s  detai l ed f l ood pl a i n  del i n eat i o n map s  of the stu dy a rea . 

Basel i n e  con d i t i o n s  we re estab l i sh ed u s i n g e x i s t i n g  p l aya l a k e  s t o r a g e  

c a p a c i t i e s a n d  ove r f l ow ro utes combi ned w i t h  r a i nfal l - r u nof f based on a fu l l y 

devel oped , or compl et el y  u rban i zed wate r s h e d . A v e r age a n n u al f l o od d am a g e s  

w e re com p uted fo r b e n e f i t  c o s t  compa r i sons . N i ne fl ood control al tern at i ves 

were anal y zed fo r the s tu dy a re a ,  focu s i ng on d i ve rs i on of fl ows out of S y s t e m  

E - 1  t o  t h e  D o u b l e Mo u n t a i n  F o r k  of  t h e  B r az o s  R i ve r  ( Y e l l o w h o u se Canyo n ) , 

manag i ng a 10-yea r f l ood w i th i n ce rt a i n  p -ort i o n s  o f  System E - 1 , a n d  c r e a t i n g 

a d d i t i o n a l  s t o r a g e  i n  t h e  s t u dy area v i a  pl aya l ake d r awdown s .  Const r u ct i o n  

cost esti mates we re prepa red . Benef its we re comp uted as red u ced ann u al damages 

f rom f l o o d i n g of  s t r u ct u r e s  a n d  t h e i r c o ntents . Fl ood control  al tern at i ves 

were ass umed to h ave a 50 yea r p roj ect l i fe ,  and a i n te rest rate of  8 . 6 2 5 %  w a s 

u se d  t o  com p u t e  a n n u a l  c o st s .  An i ntang i b l e val ue an al ysi s was pe �fo rme d to 

ad dress e ach pl an ' s  no n-moneta ry be n ef i t s . F o u r  catego r i es of n o n -mo n et a ry 

b e n e f i t s  w e re a n a l y z e d : 1 )  Deg ree of Safety from fl ood i ng ,  2 )  E n v i ronme nt� 

q ual i ty ,  3 )  Ne i ghborhood E nh ancement,  and 4 )  Aesthet ics . 

A s  d e s c r i b ed  i n  C h a p t e rs V I  and VI I ,  t h e  stu dy recom mendat i ons  to red uce 

fl ood i ng potenti al a re as fol l ows : 

* NO TE :  Th e 1 00-ye ar f l o od t h at i s  refe renced t h ro ughout th i s  rep o rt i s  b a s ed 

o n  a ful l y-devel o p ed o r  compl etel y u rb an i zed wate rsh ed . 
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1 .  A l t e r n at i v e 8 - T h e  c o n st r u ct i o n  o f  a n  e l eve n  wel l s ,  g ro u ndwate r 

p um p i ng system al ong Loop 289 i n  System E-1 , t h a t  w o u l d r ed u ce th e 

ex i st i n g p o o l  el evat i o n s  a n d  c r e at e  f l o od sto rage i n  those pl aya 

l akes . Th e p umped wate r woul d be t re at e d  a n d  a d d e d  to t h e  C i t y ' s  

g ro u n d l ev e l  st o r age t a n k  at Memph i s  Ave nue and 82nd St reet . The 

be n e f i t s  of  t h i s  a l t e r n a t i v e  w o u l d be  r ed u c e d  f l o o d  d a m a ges i n  

S y s t em E - 1 ,  i n  t h e  v i c i n i ty o f  L oo p  2 8 9 .  N o n - m o n et a ry be nef its 

wo u l d be  a n  e n h a n ced d e g re e  o f  s a fe ty f r om f l o o d i n g ,  a r ed u c e d  

th reat of r i s i ng g ro u ndwater,  e nh anced water s u p p l y ,  a n d  a n  i ncreas e 

i n  n e i ghborhood a e s t h e t i c s . Th e es t i mated co n s t ru ct i o n  cost i s  

$5 07 , 6 0 0 ,  w i t h a n n u a l  ope rat i o ns and ma i nten a nce costs of $42, 100 .  

The tot al ave rage ann u al co st s w o u l d be  $86 ,60 0 ,  w it h  ave r age ann ual  

b e n e f i t s  o f  $3 4 7 , 1 7 0 , a n d  a b e n e f i t-to-c ost rat i o  of 4 . 0  to 1 . 0 .  

Be n e f i t s  fo r t h i s  a l te r n a t i v e  w o u l d b e  h i g h l y s e n s i t i ve t o  t h e  

u l t i mate grou ndwater d r aw dow n s  ach i eved i n  the f i e l d .  

2 .  Al te rnat i ve 4 - Th e  con s t r u ct i o n  o f  a 1 0 -yea r d e s i g n s t o rm d r a i n  

t h at w o u l d d i ve rt w a te r f rom P l ay a Lake 2 1  to Yel l ow h o u se Canyo n .  

Ben ef it s  w o u l d b e  i n  th e f orm o f  r ed u ced f l o o d i n g  d a m a g es i n  t h e  

vi c i n i t y o f  P l a y a  l a k e  2 1 .  No n-mo net a ry b e n e f i t s  w o u l d be a n  

i nc re ased deg ree o f  sa fety f r om  f l ood i ng and e n h a n ced n e i g h bo r h o o d  

aesthet i c s .  The est i mated const ruct i o n  cost i s  $2 , 6 03 , 5 00 .  Ave rage 

Ann u al co st s w o u l d be $2 2 8 , 20 0 , w i t h  ave r age an n u a l  b e n ef i t s  o f  

$3 60, 4 10 ,  and  a benef it-to-cost rat i o  o f  1 . 5 8  to 1 . 0 .  

3 .  Al te rnat i ve 7 - Th e  present ove rfl ow cont rol fo r P l ay a  Lake 37 ( B i l l 

McAl i ster Park ) ,  wh i ch con s i sts of smal l cul ve rt s  at L oop 289 shou l d  

not be modi f i ed  w it hout i ncre as i ng up stream f l ood sto r age . Co nce p t  

p l a n s  s h ow a p r o p o s e d  1 10-feet w i de tho roug h fa re cro s s i ng Loop 289 

at the ove rfl ow con t rol  p o i n t  fo r P l ay a L a k e  3 7 .  Th i s  p ro p o s e d  

t h o ro u g h fa re al i gnment s h o u l d n ot b e  al l owed w i t ho ut de s i g n fe atu res 

to ma i n t a i n  t h e  c u r r e n t  l ev e l  of f l o o d  co n t r ol  c r e a t e d  by t h e  

h i g hw ay . 

I f  t h e  p ro p o s e d  t h o r o u g h f a r e  i s  c o n s t r u c t e d  i n  i t s  p r e s e n t  

a l i g nme n t , P l a y a  L a k e  3 7  s h o u l d b e  excavated to pr event ove rfl ows 
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for the 1 00 year fl ood . Be nef its w o u l d b e  i n  t h e  fo rm o f  r e d u c e d  

f l o o d i n g i n  S y s t e m  E - 1 ,  down stream of Pl aya L a k e  3 7 .  No n-moneta ry 

be nef its wou l d be an i ncreased deg r e e  o f  s a fety f rom f l o o d i n g f o r  

al l f u t u re d e v e l o pment a rou nd  Pl ay a Lake 3 7 ,  e nh anced n e i g hborhood 

aesthet i cs , and removal of the th re at of  o v e r f l ow f rom P l a y a  L a k e  

3 7 . T h e  est i mat e d  co n s t ru ct i o n  c o s t  i s  $7 . 2 6 m i l l i o n . An n u al 

operat i o n and ma i ntenance costs wo u l d b e  $ 1 1 ,0 0 0 . Total  a v e r a g e  

a n n u a l c o s t s  w o u l d b e  $647 ,4 0 0 , w ith an n u al ben ef its of $28 4 ,80 0 ,  

and a be nef it-to-cost rat i o  of 0 . 44 t o  1 . 0 .  

4 .  C i t i ze n s  l i v i ng i n  t ho se a reas w i th i n  the 100-yea r f l o od pl a i n  sho u l d 

be encou r aged to p u rchase fl ood i n s u r ance u nde r t h e  N at i o n a l  F l o od 

I n s u r a nce P ro g r a m  ( N FI P ) .  T h e  C i ty s h o u l d  con t i n ue i t ' s  c u r rent 

p o li cy of l i m i t i ng the amou nt of l a n d  rec l a i me d  f rom p l a y a  l a k e s , 

a n d  ma i nt a i n i n g t h e  ex i s t i n g f l o od s t o r age ca p a c i ty .  Th e C i ty 

shou l d requ i re that f i n i shed fl oor el e v a t i o n s  s u r ro u n d i n g  a p l a y a  

l a k e  be  s e t  a t  l e ast o n e  foot a b o v e  t h e  f u t u r e ,  f u l l y-devel oped 

watersh ed , 1 00-ye a r  l ake water s u r f ace el eva t i o n .  I t  i s  f u rt h e r  

recomme n d ed that t h e  C i ty formal l y  adopt the fl ood el evat i o n s  shown 

i n  th i s  report fo r its f l ood pl a i n  ma n ageme nt prog r am .  

I n  ad d i t i o n  t o  the recomme n dat ions des cr i bed above, H al f f  Associ ates stro ngl y 

u rges the C i ty to cont i n ue to perfo rm drai nag e  s t u d i e s o n  t h o s e  u n d e v e l o pe d  

p l aya l a ke systems t h at a r e t a rgeted fo r d e v e l o pme n t  i n  t h e  futu r e .  The 

stu d i es wou l d i dent i fy futu r e ,  fu l l y-devel oped f l ood pl a i n s fo r these s y stems , 

w h i c h s h o u l d be  p r ese r v e d  fo r the stor age of f l oodwate rs at pl aya l akes a n d  

the co nvey ance o f  fl ood w aters between th em. The res u l t i ng greenbel t sho u l d  be  

u sed as  a C i ty pa rk/ recreat ion  a re a .  

Th i s  stu dy was prepa red b y  Al b e rt H .  Hal ff As s oc i at e s , I n c .  f o r  t h e  C i ty o f  

L u b b oc k  w i t h p a r t i al fu n d i n g p rov i ded b y  t h e  Texas Wate r Devel o pmen t  Boa rd 

(TWDB Cont r act No . 8-4 83 -5 04 ) . The op i n i ons and  recomme nd at i o ns in th i s  stu dy 

do not n e c e s s a r i l y  r e f l ect t h e  o p i n i o n s  of the C i ty of L ub bock e ng i neer i ng 

staff or the Texas W ate r Devel o pme nt Board . 
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A .  

I .  I NTRODUCTION 

GE NE RAL 

The pu rpose of th i s  stu dy i s  to prov i de a com p r ehens i ve ,  u pdated f l ood 

con t rol - fl ood pl a i n  man agement p l an fo r p l aya l ake systems E1,  E2 , F ,  

and the Southwest system . F i g u re I-1  i s  a waters h e d  m a p  o f  t h e  s t u dy 

a re a .  Th ese systems d ra i n  a maj o r i ty of  the s o uthe rn h al f  of  th e C i ty 

of L u b bock . The stu dy i nvol ved the fol l ow i ng pl ay a l a k e s  w i t h i n  e ac h  

system : 

System Name Playa Lake Number 

E l  3 9 , 3 7 ,  3 1 ,  27 , 26 , 25 , 
2 4, 23 , 19 , 2 0, 2 1  

E2 22 

F 1 8 ,  1 7 ,  1 6  

Sout hwest 3 0, 2 9 ,  28, 91 

Deta i l ed de scr i pti ons and l i m i t s  of stu dy for each system a re i n c l u de d  

i n  Ch apte r II . See Ap pe n d i x A for the det a i l ed fl ood pl a i n  del i neat i o n  

sh eets of t h e  stu dy a rea . 

B .  SPECIFI C REPORT OBJ EC TIVES 

The bas i c  obj ect i ves of th i s  report a re as fol l ows : 

1 .  Com p i l e  p e r t i n e n t  e xi s t i ng e n g i nee r i ng data and newl y devel oped 

i n fo rmat i o n  i nto a com p r ehens i ve report w i t h  a n  u p -to-d ate f l o od 

p l a i n  del i neat ion of t h e  stu dy a re a .  

2 .  Formul ate al ternati ve fl ood control pl a n s  a n d  a n al yze t h e  ef fe ct s 

of p ro p o s e d i m p rovement s .  Prepa re cost esti mates fo r the va r i ou s 

a l t e r n a t i v e s . P r e p a r e  b e n e f i t - c o s t  c om p a ri s o n s  f o r t h e  

recomme n ded pl an s .  Com p a re the va r i ou s al te rnat i ves . 
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3 .  Based on t he anal y s i s of t he va r i o u s  al ternat i ve s ,  m a ke s p e c i f i c  

recomme n dations to t he C i ty . Recom mendat ions i n cl u de p r i or i t i z i ng 

t he p roposed i mp roveme nts .  T hese recomme nd at i o n s a n d  p r i o r i t i e s 

a re p resented w it h  accom pany i ng eng i nee r i ng data to g u i de t he C i ty 

i n  a pl a n ned p rog r am of needed i mp rovements . 

4. Coo r d i n ate al l p ha s es of t he stu dy , f rom data gat he r i ng to f i n a l  

des i gn recommendat i ons , w i t h t he C ity E n g i nee r i ng St af f .  

I n  a d d i t i o n  t o  t he b a s i c  obj ect i v e s  l i st e d  a b ov e ,  t he fol l ow i n g 

c r iter i a  a re eval uated i n  t he pl an ni ng of any p roposed i mp roveme nts : 

1 .  Ne i g hbor hood e n hancement and acceptance .  

2 .  M i n i mi z e  rel ocat i o n  o r  a l t e r at i o n  o f  res i d e nt i al a n d  b u s i n e s s  

p rope r t i es and d i s ru pt ion of se rv i ces to c i t i zen s .  

3 .  Attempt to fo rmu l ate p r act i cal , a f fo rd a b l e a l t e r n at i ve p l a n s  t o 

s ol ve f l ood i ng p robl ems . 

C.  COMMU NITY DE SCR IPTIO N 

T he C ity of L u b bock i s  s i tu ated i n  t he ce nte r of L u b bock Cou nty , Te xas . 

Located i n  t he Hi g h  Pl a i n s  sect ion of Te xas,  t he c i ty i s  ap p ro xi matel y 

3 25 m i l es n o rt hwest of Dal l as and  about 340 m i l es nort heast of E l  Pas o .  

Lub boc k ' s  est i mated 198 8  pop u l at ion i s  190 , 000 . 

T he c l i m a t e  i s  s e m i a r i d .  S u m m e r a n d  w i n t e r  a v e r a g e  m o n t hl y  

tempe ratu res range f rom 92 d e g r e e s  F to 25  d e g r e e s  F ,  r e s p ect i v e l y .  

Ave rage annual  p r eci p i t at i o n  i s  1 8  i nc hes ( Refe rence 1 ) . 

The ma i n  d ra i nage fe a t u r e s  of L ub b oc k  a r e ( Y el l ow ho u s e  C a n yo n ) t he 

No rt h Fork of t he Doub l e  Mou nt a i n Fork of t he Braz os and t he pl aya l ake 

systems w hi c h  e xi st t hrou g ho u t  t he c i ty .  T he p l aya l a k e s  a re l a rg e  

I-2 
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s a u ce r-l i ke de p res s i o ns i n  the topog rap hy . Ru noff from heavy rai n s  ca n 

f i l l th e pl aya l akes and cau s e  f l o o d i n g  t o  a d j ace n t  p ro pe rt i e s f r om 

r i s i n g l a ke e l e v at i o n s .  I n  a d d i t i o n ,  o v e rfl ows can pass from pl aya 

l ake to pl aya l ake cau s i ng potenti al s t reet f l o o d i n g a n d  f l o o d i n g o f  

homes a n d  b u s i nes ses . 

D .  PRINCI PAL FLOOD PROBLEMS 

1 .  Cau ses of Fl ood i ng P robl ems 

Seve ral facto rs h ave contr i b uted t o  t h e f l o od i n g p r o b l ems w h i c h 

n ow occ u r  i n  m a ny a re as of the C i ty .  U rban i zation i n creases t h e  

vol ume o f  storm wate r from any ra i n f a l l ev e n t ,  d ue t o  t h e  l a rg e  

am o u n t  of n ew i m pe rv i ou s  a r e a s , i n  t h e  form o f  street s ,  pa r ki n g 

l ots,  s i dewal k s ,  roof s ,  etc . Devel o pme nt al so ch anges t h e  t i m i n g 

of t h e  ru n o f f ;  wate r a r r i v e s  at t he p l aya l a kes ea rl i e r  i n  the 

storm eve nt t h a n  i n  p r e d e v e l o pm e n t sto rm s , d u e to the i m p ro v e d  

co nveyance p rov i ded by the street s . 

The e xi st i ng C ity devel o pme nt o rd i n a n ce s  m a k e  i t  p o s s i b l e  fo r a 

devel o pe r  to e xec ute a "c ut and f i l l "  pl an , remov i ng mate r i al from 

the bottom of t he l ake a rea and f i l l i ng i n  ot he r po rt i o n s  of t he 

l a k e  i n  o r de r  t o  p rov i de ad d i t i o n al devel o pment a re a .  Removal of  

the bottom sed i ments c a n  i n c r e a s e  t h e  e a s e  of seepage of w a t e r 

f rom t h e  p l a y a  l a ke i n t o  th e u n de rl y i n g wate r tabl e .  Pr i o r  to 

al terat i o n ,  much of th i s  wate r evap orated , r ather than percol ati ng 

t o  t h e  g r o u n d w a t e r .  F o r  s o m e  p e r i o d o f  t i m e a f t e r  t h e  

mod i f i cat i o n  of a l ake,  it ge ne ral l y  ap pe ars  to conta i n  t h e  sto rm 

ru n of f  by  l o s i n g l a rge q u an t i t i es of wate r to the g rou n dwate r .  

Al though some of t he 1 a kes have s u b seq u e ntl y "seal ed " a n d  m a y  n ot 

con t r i b ut e  l a rg e  v o l umes to the g r ou n dwate r ,  othe rs st i l l "l e a k" 

and co nt i n ue to a d d  to the trend o f  a r i s i n g w ate r t a b l e .  Th i s  

t re n d  ha s b e e n am p l i f i ed by r ed u ce d  p u m p i n g of g ro u n dwate r by 

e it h e r  the C i ty o r  for ag r i c u l t u r al u ses . 
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T he s e  seve r a l  fact o r s  have com b i ned to p rod uce t he s i tu at i o n  now 

c ommo n t hroug hout t he C i ty .  T he wate r t a b l e ha s r i se n  i n  m a n y  

p l a c e s  c l o se enoug h to t he bottom o f  many of t he l akes t o  prevent 

o r  i n hi b it  t he seepage of wate r from t he l ake i nto t he s ub s u r face . 

I n  s om e  c a s es , t he g ro u ndwater i s  hyd r au l i cal l y  connected to t he 

l ake and may even fl ow i nto t he l ake . Thi s  res u l t s  i n  wate r be i ng 

hel d i n  t he p l a y a  l a k e s  fo r l o nge r pe r i od s  .of t i me. T hu s ,  w hen 

t he next storm occ u rs ,  t he l akes may have l ittl e room to store t he 

r u n of f .  Whe n  t hi s  oc c u r s  d u r i n g a hea v y  r a i nfal l ,  s p i l l  often 

occ u rs f rom a p l aya l a k e ,  a n d  f l o o dwate rs w i l l t r a v e l a l o n g  

n at u r al o r  m a n - m a d e  r o u t e s  ( l ow a reas ) t o  t he next down stream 

p l aya l ake . 

S t r e e t s  ( a  m a n - m a d e  o v e r f l o w  r o u t e ) m a y f l o o d  b ec a u s e of 

i n a deq uate capaci ty to co nvey t he storm wate r .  T hi s  c a p a c i ty i s  

determ i ned by t he cross sect i o n  of t he street and t he l ong i t u d i nal 

sl ope of t he street . T he ca r ry i n g  c a p a c i ty c a n  b e  d e c r e a s ed by 

b l o c k a g e  o f  t he f l ow c ro s s  s ect i o n  ca u sed by p a rked ve hi c l es as 

we ll as by dete r i o ra t i o n  of t he s t reet s u r fa ce .  S om e  s t reet s 

f l ood because of i nab i l ity to ca r ry t he water f rom t he s u r ro u nd i ng 

a re a ,  w hi l e  o t he rs f l o o d  b e c au s e  t hey w e r e  d e s i g n e d a s  t he 

fl ood w ay between two pl ay a l akes . 

F o r  t hi s  stu dy , t he p r i nc i pal fl ood p robl ems a n a l y z e d  w e re t ho s e  

r e l a t e d  t o  p l ay a  l a ke f l o o d i n g  a n d  f l o o d i n g f r om p l a y a  l a ke 

ove rf l ow t hat occu rs i n  t he f l ow pat hs between t he l akes . 

2 .  Hi story of Fl o od i ng 

P a st hi s t o r y  fo r the C i t y  o f  L u b bo c k  i n d i c a t e s  t hat t he mo s t  

1 i k el y t i me o f  yea r f o r  .fl o o d i ng t o  occ u r  i s  betwe e n  M ay a n d  

Oct ob e r .  Gene ral l y ,  f l o od -p rod u c i n g r a in f a l l i s  o f  tw o ty p e s , 

t hu n de rst o rm a n d  f ro nt al storms . T hu n de rstorms frequentl y cau se 

f l as h  fl ood i ng f rom smal l d ra i nag e b a s i n s ,  w hi l e  f ro nt al s t o rm s  
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a re mo r e  l i kel y to ca u se fl ood i ng i n  watershed s  hav i ng rel ati vel y 

1 a rge a reas . 

T h e re h a ve b e e n  s e v e r a l  maj o r  f l o o d s i n  t h e  C i t y  of  L u b b o ck .  

S i g n i f i cant fl oods h ave occ u r red o n  May 7 ,  194 9 ,  Augu st 196 6 ,  J u n e  

1, 1 96 7 , M a y  1 1 ,  1 97 0 ,  and o n  Octob e r  1 9 ,  1983 . The rai n sto rms 

of May 1 1 ,  1970 we re cau sed by a to rnado wh i ch pas sed t h r o u g h  t h e  

city . I n  ad d i t i o n ,  ce rta i n  a reas of L u b bock fl o od o n  a rel ati vel y 

f r e q u e n t  b a s i s  ( eve ry two yea r s  o r  s o ) .  T h e  st u d y a r e a  h a s 

e xp e r i e n c e d  f l o o d i n g a s  rece n t l y as  J u l y  1 987 . I n  s o u t h w e s t  

L ub boc k ,  f l ood i ng o f  maj o r  st reet s a n d  t h e  f ro n t a g e  ro a d s  al o n g  

Loop 289 h as become a commo n occu r re nce after h eavy rai nfal l .  

T h e  f o l l o w i n g e xc e r p t s  f r o m  n e w s p a p e r  a r t i c l e s  p r o v i d e  

descr i pt i o ns of past fl ood eve nts : 

LUBBOCK AVALANCHE JOURNAL , Ju n e  2 ,  1 967 

" A massi ve sto rm system that ge nerated h u r r i ca ne fo rce w i n d s  

a n d  a s m a ll t o r n a d o s t u n n e d  L u b b o c k  w i t h  a f i v e - i n c h - p l u s  

cl o u d b u r s t  T h u r s d ay , t u r n i n g m u c h  of t h e  H u b  C i t y i nto a vast 

ocean , cau s i n g w i des pre a d  d am a ge a n d  ap p a re n t l y o nl y two m i no r  

i nj u r i e s . R a i n s  m e a s u r i n g u p  to 5 . 7 0  i nches h ad v irtual l y  

pa ral y zed th e c i ty shortl y before m i d n i g h t ,  and al l ba r r i c a d e s  o n  

h a n d  h a d  b e e n  s e t  u p  t o  b l o c k  s co r e s  o f  i n u n d a ted st r e e t s , 

u n de r passes , a n d  ro a d w ay s .  Pol i ce sto od by at ot h e r  c r i t i c a l  

poi nts . " 

LUBBOC K AVALANCH E  JOURNAL ,  Octobe r 2 0 ,  1983  

II 
. •  At 7 : 1 7 p . m . , the se rv i ce sa i d ,  th e r a i nfal l reco rd  fo r a 

2 4-ho u r  p e ri od was sh attered . Th e ol d ma rk w as 5 .7 i nches , dati ng 

from Ju n e  1 ,  1 96 7 . At th e 28 -hou r ma rk th e m ea su r ement stood at 
6 . 44 i nc h es a n d  n o  l et u p  w a s e xp ected u n t i l t h i s  a ft e rn o o n  o r  
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n i g ht • • •  A l s o  of conce rn at that t i me w as pote nti al fl ood i ng at 

t h e  Godeke Branch of th e l i bra ry at 6601 Quake r Aven u e . At 9 p . m .  

e m p l o y e e s  wo rked feve r i sh l y t o  protect book s as the fe ar  of wate r 

r i s i ng cont i n u e d  • • •  Wat e r w a s  i n t o  t h e  1 aw n s  o f  h om e s  n e a r 

C l a p p  P a r k  at about 40th and Avenue U at 7 p . m  • • • •  Water began 

t o  get i nto hou ses i n  the a rea of 6 4t h  Street a n d  R a l e i g h Ave n u e  

( Le roy E l mo r e  Pa rk )  sho rtl y befo re 8 p . m . " 

Th e cove r of t h i s  r e p o r t  h a s a p h otog r a p h  of t h e  Oct o b e r 19 83 

fl o od .  
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I I .  STUDY AREA DESCRIPTION 

F o r  deta i l e d m a p s o f  the stu dy , p l e ase refe r  to F i g u re A-1 a n d  Sheet s 1-35 

of A p pend i x  A .  

A .  SYSTEM E1  

Pl aya Lake System E1  d r a i n s  g e n e r a l l y  f rom w e s t  t o  e a s t , a l o n g  t h e  

s ou t h e r n  se ct i o n  o f  Loo p 289 ( See F i g u re I - 1 ) . F rom Pl ay a Lake 3 9  t o  

i t s  confl ue n ce w i t h  t h e  No rth Fork o f  the Dou b l e M o u nta i n  F o rk of t h e  

Br a z o s  R i ve r  ( Yel l ow h o u s e  C a n yo n ) ,  t h e  system trave rses 1 6 . 5  mi l es ,  

d r a i n i ng a 2 4. 3 2  s q u a re m i l e a r e a ,  ex cl u d i n g S y s tem E - 2 . L a n d  u s e  

a l o n g t h e  system i s  predom i n an tl y s i ngl e fam i l y  res i denti al , w i th s ome 

i nd ustr i al l an d  u ses i n  the eastern p o rt i o n  of the watershed , a n d  w i t h  

comme r ci al p ro p e r t i e s a n d  p u b l i c  fa ci l i t i es s catte red th roug hout the 

b as i n .  The system is composed of 11  pl ay a l akes ( 3 9 ,  3 7 ,  3 1 ,  27 , 2 6 , 

25 , 2 4, 2 3 ,  1 9 ,  2 0, a n d  2 1 ) , 7 of wh i ch a re des i gnated ci ty pa rk a re as . 

The a re a  h a s  s t e a d i l y  u r b a n i z e d  s i n ce t h e  d a t a  fo r t h e  1 9 8 2  F l o od 

I n s u ran ce Stu dy < F . I . S . )  was prepa red i n  1979 -80 ( Refere n ce 1 ) . 

With the ex ce pt io n  o f  P l ay a L a kes 3 9  a n d  3 7 ,  a l l of t h e p la y a  l a ke 

ove r f l ow r o u t e s  h a v e  bee n d ev e l o p e d ,  w i t h  f l o w s  f r om p l aya l a ke to 

pl ay a l ake t ravel i ng t h rough ch an nel s ,  st reets , al l eys , and res i dent i al 

p ro p e rty . T h e  sy stem crosses Loo p 289 at th ree l o cat ion s .  Pert i nent 

data fo r e a ch of  the crossi ngs can be  fou nd i n  Tab l e I I- I . 

T h e  C i ty h a s  t w o  2 0  cfs p ump s at Cl ap p Pa rk ( Pl ay a Lake 2 1 )  wh i ch a r e  

u se d  to l ow e r  t h e  p l ay a l a ke el evat i o n  w h e n  i t  i s  too h i g h . T h e  

o pe rat i o n  o f  t h e  p um p s  i s  man ual , w it h  d i s cha rge i nto a 42-i n ch sto rm 

s ew e r  t h at t r a v e l s e a s t  al o n g  42 n d  St reet . At Av e n u e  L a n d  3 7 t h  

Street,  the 42- i n ch p i pe t i es i nto a 96- i n ch sto rm sewe r that con t i n ues 

eastw a rd and eve ntu a l l y  d i s ch arges i nto Yel l owh o u se Canyo n .  
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A s  p r e v i o u sl y d e s c r i b e d  i n  C ha p t e r  I ,  t he m aj o r  s t o rm s  t hat hav e  

occ u rred i n  t he Lub bock a re a  ha ve 1 e f t  reco r d ed acc o u n t s  of f l o o d e d  

st r u ct u r e s  i n  S y s tem E -1. N um e ro u s  storms have con s i stentl y fl ooded 

street s ,  f i el d s ,  and  pa rk i ng l ots ove r t he yea rs . 

TABLE I I-1  
SYSTEM E-1 BRI DGES AND CULVERTS 

Re ac h 
U p st ream 
Fl ow l i n e  
Elevation Playa Lake Location Structure 

39-37 A . T . & S . F .  RR Wood Beam Br i d ge 
3 - 5 '  x 2' Boxes 

3 25 9 . 9  
3 25 9 . 4  39-3 7  Brow nf i e 1 d Hw y 

37-3 1 Loop 289,  Ma i n  Lanes 2 - 5' x 2' Boxes 
3 - 5 '  x 2' Boxes 

3 264 .o 
3 26 3 . 6  3 7 -3 1  Loo p  289 ,  E . F ront age R d . 

26-25 Loop 289,  N.  F rontage R d . 12  - 2411 P i pes 3 229 . 2  
3 22 9 . 2  
3 229 . 0 

26-25 Loo p  28 9 ,  Ma i n  Lan es 8 - 8' x 4' Boxes 
12 - 2411 P i pes 26-25 Loop 289, S . F rontage R d . 

23 Loo p  289 ,  
23 Loop 289 , 
23 Loo p  289 ,  

N . F ront age Rd . 
Ma i n  Lanes 
S . F r ont age Rd . 

3 - 3 611 Pi pes 
3 - 7' x 4' Boxes 
3 - 3 6" Pi pes 

3 2 17 . 5  
3 217 . 4  
3215 . 7  

B. SYSTEM E2 

Pl a y a  La ke S y stem E2 i s  a "t r i b ut ary " to System El, con s i sti ng of one 

pl aya l ake ( 22>. I t  f l ows f rom n o rt h t o  s o ut h, al o n g  E l g i n  Aven u e  

between 6 3 rd a n d  69t h St reets ( See F i g u re I-1 ) . System E2 j o i n s  System 

E1 at Pl aya Lake 23 . System E2's ove rfl ow pat h i s  2400 feet l o n g ,  a n d 

its cont r i b ut i ng w aters hed i s  1 . 02 squ a re m i l es .  

Land  u se i n  t he wate rshed i s  pred ani n a n tl y s i n g l e f am i l y  r e s i de n t i a l  

w i t h s c a t t e r e d  c l u s t e r s  o f  p u b l i c ,  comme rc i al , a n d  m u l t i fam i l y  

p rope r ty . Pl aya Lake 22 i s  l ocat e d  i n  t he A . M . Le ftw i c h  C i ty Pa rk . 

T he maj o r  storms t hat hav e  occ u r red i n  t he Lub bock a rea have l eft no 

reco rded accou nts of fl ooded s t ru ctu res in System E -2 .  
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C .  SYSTEM F 

Pl aya Lake System F ( P l ay a  L a ke s  1 8 ,  1 7 , 1 6 )  d r a i n s g e n e ral l y  f rom 

s o u t h  to n o rt h  a n d  i s  l ocat ed n e a r t h e  i n t e rsect i o n  of  Hi g h w ay 87 

( future I nterstate 2 7 ) a n d  L o o p  2 8 9  ( S e e  F i g u r e  I -1 ) . I n  t h e  1 9 82 

F .r. s., the s y stem w as compo sed of Pl ay a Lakes 82,  1 8 ,  and 17.  S i n ce 

the pub l i cat i o n  of the 1982 F . r. s. ,  Pl aya Lake 82 h a s b e e n  f i l l e d i n .  

Th i s  act i o n  occ u r red when the p l aya l a ke was out s i de c i ty j u r i s d i ct i o n . 

Construct i o n  h as al s o  beg u n  on  the e xten s i o n  of I n t e rs t ate 27 t h r o u g h  

the C i ty , w i th maj o r  regra d i ng o f  Pl ay a Lake 1 7  al re ady compl eted . Th e 

h i g h �ay const ruct i o n  pl ans cal l fo r a 3 6  i nch re i n forced co nc rete p i p e 

o u t f al l to ma i n t a i n  th e Pl ay a Lake 17 n ormal pool . Th e 3 6 "  p i pe w i l l 

j o i n  the e xi st i ng  42 " d i amet e r  5 0t h  St reet o u t f a l l ,  w h i c h  c u r r e n t l y 

d r a i n s P l aya Lake 1 6  i nto Yel l owe Can yo n . The refore,  fo r th i s  rep o rt ,  

Pl aya Lake 1 6  i s  j o i ned w i t h  Pl aya Lakes 1 7  and 1 8  and cons i de re d  p a rt 

of System F .  

Syst em F d r a i n s  4. 4 squ a re m i l e s ,  w i t h  8200 1 i n e a r  fee t o f  3 6 "  p i p e 

con n ect i n g  Pl aya Lake 17 to the 5 0th Street outfal l ,  wh ich i s  a 1 4, 8 46 

foot l o ng , 42 " d i ameter co ncrete p i pe ,  beg i n n i ng at the i ntersect i o n  of 

5 0 t h  S t r e e t  a n d  A v e n u e  A ,  a n d  e n d i n g a t  E as t  Loo p  28 9 ,  w h e r e  i t  

d i scharges i nto Yel l ow Canyo n .  Land u se a ro u n d  Pl a y a  L a kes 1 8  a n d  1 7  

i s  p r e d om i n an t l y si n g l e f um i l y  r esi d en t i a l . w i t h  s om e  u n d e v el o ped 

a reas , and smal l cl u sters of comme rc i al and l i ght i n d u st r i al . I n  t h e  

P l a y a  L a k e 1 6  w at e r sh ed , l a nd u se i s  a l so pred omi n an tl y s i ngl e fam i l y  

res i de nti al , w i t h  comme rc i al wa reho u se s ,  t ruck de al e rsh i p s ,  a n d  rep a i r  

shop s l ocated i n  th e v i c i n i ty of the p l aya l ak e .  

P l ay a L a k e s  1 8  a n d  1 7  w e re st u d i e d  i n  d e t a i l  i n  t h e  1 9 8 2  F l o o d  

I n s u r a n ce Stu dy , wh i l e  Pl aya Lake 1 6  was g i ve n  a Zone A cl as s i f i ca t i o n  

b a s e d  o n  ap p r o xi ma t e  stu dy method s .  Th e m aj o r  s t o r m s  t h a t h a v e  

o c c u r r e d  i n  t h e  a r e a  h a v e  l e ft n o  reco r d ed accou n t s  of  f l o o d e d  

structu res i n  System F .  
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D .  SOUTHWE ST SYSTEM 

The Southwest System is the t i tl e g i ve n  i n  t h i s  rep o rt to fo u r  p l ay a 

l a k e s  l o cated i n  t h e  e xt r eme s o u t h w e ste r n  p o r t i o n  of th e C i ty ( See 

F i g u r e  I -1 ) . T h e  fo u r  p l ay a l a k e s  a re 3 0, 2 9 ,  2 8 ,  a n d  9 1 . P l a y a  

Lake 9 1 ,  l ocated a t  t h e  s outhe ast co rne r of 82 n d  Street a n d  Sl i de Road , 

i s  the down st ream e n d  of t h i s  s y s tem . T h e  S o u t h w es t  S y s t em i s  1 . 7 

m i l e s l o n g ,  a n d  d r a i n s  a 2 . 6 1  s q u a r e m i l e  a re a .  Th e l a n d u s e  i s  

p r e d om i n a n t l y s i n g l e-fam i l y  r e s i d e n t i al , w i t h  s om e  m u l t i - f a m i l y ,  

Wh i t e s i d e E l ement a ry Scho ol , J ack Steven s C i ty Pa rk and th e Laker i d ge 

Gol f Cou rse . The Southwest System w as n ot st u d i e d i n  d e t a i l  fo r t h e  

1 9 8 2  F . I . S . Th e e n t i r e s y s t em w a s  g i ve n  a Zo n e  A c l a s s i f i ca t i o n , 

i nd i c at i n g  that appro xi mate method s were u sed . 

F r o m  P l ay a L a k e 3 0, t h e  l a k e  o ve r f l ows al o n g  A l b a n y a n d  A b e r dee n 

Ave nues dow n st ream to Pl ay a Lake '2 9  ( J ack Stevens Pa rk ) .  Outf l ow f rom 

P l ay a L a k e  2 9  i s  r eg u l a t e d  by 3 -5 1 x3 1  bo x c ul ve rt s wh i ch pas s  u n de r  

Sl i de Road and i nto Pl ay a L a ke 2 8 .  Ta i l w a t e r  c o n d i t i o n s  f r om P l a y a  

L a k e  2 8  a r e s u c h  t h at t h e s e  c u l ve rt s fu n ct i o n  p ro pe rl y o nl y  fo r 

e xt r eme l y l o w f l ow s . F o r  f l o o d  ev e n t s  o f  a 1 0- ye a r  f req u e n c y o r  

g re at e r ,  a m aj o r i ty of th e o u tfl ow f rom Pl ay a Lake 29 overtop s Sl i de 

Road . The ove rfl ow path bet w e e n  P l a y a  L a k e s  2 8  a n d  9 1  c ro s s e s  8 2 n d 

S treet before empty i ng i nto Pl ay a Lake 91 . 

The a re a s  s u r ro u n d i n g t h e  S o u t h w e s t  Sy stem h av e  e xp e r i e n c e d  r ap i d  

d ev e l o p me n t ,  most of wh i c h h a s occ u r red s i nce the p u bl i cat i o n  of th e 

1982 F l ood I n su rance Stu dy . There a re no reco rded acco u nts o f  f l o o d e d  

struct u res i n  th e a rea . 
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I I I . STUDY PROCEDURES 

T he tec hn i ca l  c o n t e n t  o f  t hi s  report i s  based o n  acceptabl e  hyd rol o g i ca l , 

hydra u l i c ,  and eco n om i c  a n al yses met hods .  

A .  HYDROLOGI C  STUD I E S  

1 .  Model Devel o p men t  

Hyd r o l o g i c  a n a l y s e s  were cond ucted b y  Hal ff Assoc i ates u s i ng t he 

So i l  Con se rvat i o n  Se rv i ce ' s  '�R-2 0" hy d r o l o g i c  m o d e l  ( R e fe re n c e 

2 ) . T he p roce d u res u sed to devel o p  t he basel i ne hyd rol o g i c  model s 

we re as fol l ows : 

a .  U s i n g  U . S . G . S .  Qu a d r a n g l e M a p s ,  C i ty t o p og r ap hi c map s and 

pl an s ,  and prev i ou s  F.r.s. w o rk map s ,  dete rm ine dra i n age a re a  

b o u n d a r i e s a n d  t i me o f  concentrat i o n  val ues .  See Pa rag r ap h 

2 ,  w hi c h  descr i bes t he est a b l i s hme n t  of t he u p pe r  d r a i n a g e  

a rea l i mit s .  

b .  U s i n g  C ity topog rap hi c map s ,  g r a d i n g p l a n s  f rom p l ats , a n d  

Hi g hw ay De p artme n t  g rad i ng p l an s ,  p repare storage-el evat ion 

d ata fo r eac h pl aya l ake . 

c .  C o m p u t e  r at i n g c u r v e s  a t  p l ay a o v e r f l ow p o i n t s  f rom t he 

b ackwate r model s of t he ove rfl ow ro ut e s ,  and prepa re sto rage­

e l ev at i o n- d i scharge cu rves for bot h p l aya l akes and ove rfl ow 

routes . 

T he p u m p  s t a t i o n  at C l a p p  P a rk ( P l a y a  L a ke 2 1 )  w a s  n ot 

con s i dered part of t he outfl ow r a t i n g c u r ve fo r P l ay a L a ke 

2 1 ,  b e c a u s e t he p um p s  a re ma n u al l y  o pe rated and p um p i ng i s  

depe n dent u pon t he hy d r a u l i c  co n d i t i o n s  i n  t he d o w n s t r e am 

storm sew e r .  

I I I-1  



d .  U s i ng a Com p uter A i d e d  D r a ft i n g a n d  D e s i g n CCAD D )  S y stem , 

s u pe r i mp o s e  t he C i ty 's f u t u re co nd i t ion s l and u se m ap onto 

t he d r a i n age area map , determ i ne soi l types fo r eac h s u b a re a  

( Re f e re n ce 3 ) ,  a n d  c om p u t e  t he runoff c u rve n um be rs C"CN" )  

for eac h  s ub-a rea . 

E va l u a t i o n  of t he hy d r o l o g i c  model s i ncl u de d  t he devel o pment of 

syn t het i c  u n it hyd rog rap hs at key l ocat ion s ,  rese rvoi r r o u t i n g a t  

p l aya l akes , and  fl ood rout i n g .  

T he hyd rol o g i c  anal yses prep a red fo r t hi s  s t u dy r e f l ect f u t u r e ,  

ful l y-u rban i zed wate rshed co nd i t ion s .  Fl ood events of a mag n i tu de 

w hi c h  a re e xpected to be equ a l l ed o r  e xceeded once on t he ave r ag e  

o f  a n y 2 - , s - ,  1 0- ,  2 5 - ,  so - ,  1 00- ,  o r  5 00-ye a rs hav e  bee n 

sel ected as hav i ng spec i al s i gn i fi cance fo r t hi s  stu dy , and  t ab l es 

of peak d i s cha rges for t he 1 0- ,  so-, 1 00- , and 5 00-yea r  f l oods can 

be fou nd i n  C hapter IV of t hi s  rep o rt .  

T he 1 0- ,  5 0- ,  1 00- , a n d  5 00-ye a r  fl oods have a 1 0, 2 ,  1 and  0. 2 

percent c hance , res pect i vel y ,  of be i ng equal l ed o r  e xceeded d u r i ng 

a n y  yea r .  Al t ho u g h  t he r ec u r re n ce i n te rval represents t he l o ng 
' 

term ,  aver age pe r i od between fl ood s of a speci fi c magn i t u de ,  r a r e 

f l ood s co u l d occ u r at s ho rt i n te r v a l s o r  e v e n  w i t hi n  t he same 

yea r .  T he r i s k of e xpe r i e n c i n g  a r a re f l o o d  i n c r e a s e s  w he n  

p e r i o d s  g r e at e r  t ha n  o n e  y e a r  a re cons i de red . F o r  e xampl e ,  t he 

r i sk of hav i ng a fl ood w hi c h  equ al s or e xceeds t he 1 00-ye a r f l o o d  

i n  any 5 0-year pe r iod i s  about 40 p e rce nt ( fo u r  i n  1 0) .  

2 .  E stabl i s hi ng Up pe r  Dra i n age Are a  L i m it s  

A l a rge w a te rs hed a b o v e  P l ay a L a kes 3 9  a n d  3 7  w a s  anal y zed to 

determ i ne i f  t hi s  u p pe r  d ra i n age a re a  wou� d co n t r i b ut e  a n y  f l o o d  

fl ows t o  System E-1 u nde r fut u r e  ful l y  devel ope d  cond i t i o ns . 

Thi s  a rea of 1 1 . 1  sq ua re m i l es a n d  1 2  p l ay a l a k e s  w a s  e xam i n e d  

w i t h t he fol l ow i ng assumpt i o n s :  
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a .  The e xi st i ng co nf i g u r at i o n  o f  t h e  p l ay a l a k e s  w a s  u s ed  as  

th ey ap pea red on avai l abl e c i ty topograph i c  maps  a n d  U . S . G . S . 

7 . 5 1  quad rangl e map s .  

b .  A v o l u m e  o f  2 - i n c h e s  o f  r u n o f f  w a s u sed  a s  a s t a rt i n g 

co n d i t io n  fo r each pl aya l ake . 

c .  T h e  p h y s i cal characteri sti cs of the pl aya l akes wo u l d n ot be 

al te red d ue to future u rban i zat i o n . 

d .  S t o r a g e  i n  t h e  p l a y a  l a ke w o u l d n ot b e  affected by r i s i ng 

g rou n dwate r .  

e .  L a n d  u ses ref l ect fut u re fu l l y  u rba n i zed cond i t i o ns .  

Based o n  the res u l ts o f  a TR-2 0 h y d rol o g i c  mo del  o f  t h i s  u p pe r  

w at e r s h ed , i t  w a s  c o n c l u de d  t h at th i s  a rea wo ul d n ot cont r i b ute 

any vol ume i nto Pl ay a Lakes 37 and 39  for fl o o d  eve n t s  u p  t o  a n d  

i n c l u d i n g t h e  5 00-ye ar f l ood . See F i g u re I I I-1  for a map show i ng 

th e l i m it s  of th i s  u p pe r  wate rsh ed . 

3 • Ca 1 i b r at i o n  

The hy d rol o g i c  model was cal i b r ated u s i ng rai nfal l record s  kept by 

th e C i ty for th e Octobe r 19 83 fl ood s .  Th e ra i nfal l data con s i sted 

of poi nt rai nfal l amo u nts fo r S u nd ay ,  Octob e r  16, Tues day , Octobe r 

1 8 ,  and u p  to noon Fr i day ,  Octobe r 2 1 ,  19 83 . H i gh water ma rks fo r 

th i s  t i me p e r i o d w e re e s t i mated f r om s l i d e s  t a k e n  by t h e  C i t y 

d u r i n g a n  a i r c r a ft s u r v ey o f  t h e  f l o o d ed a re a s  o n  Oct obe r 2 1 ,  

1 9 83 . T h e  r a i n f a l l a m o u n t s  o b t a i n e d  w e r e i n p u t  i n t o  t h e  

h y d r o l o g i c  m o d e l  a n d  c om p u t e d  wate r s u r f ace e l e v a t i o n s  we r e  

compa red to est i mated h i g h w at e r  m a r k s  at P l a y a  L a ke s  2 7  a n d  2 6  

( Le roy E l m o re Pa rk ) . Pl aya Lakes 27 and 26 we re sel ected becau se 

the l evel of devel opme nt i n  those w a t e rs h e d s  i n  1 9 83 w a s  a l mo st 

f u l l y  u r b a n i z e d . Th e e l eva t i o n s  pred i cted by the model match ed 
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fa i rl y  wel l w i t h t he el e v a t i o n s  e s t i mated f rom t he p ho tog r a p hs 

< ±  0 . 5  feet ) .  

No ot he r  r a i n f a l l / hi g hw a t e r m a r k d a t a  w e r e a v a i l a b l e f o r 

cal i brat i o n . 

B. HY DRAU LIC ANALYSES 

M o d e l s f o r  f l o od f l o w s  a l o n g t he ove rfl ow routes between pl aya l akes 

we re d e v e l o p e d , u s i n g t he U . S . A rmy Co rp s o f  E n g i n ee r s '  b ac k wate r 

prog ram HEC-2 ( Refe rence 4 ) . C ross- sect i o ns fo r t he backwater a nal yses 

were taken f rom 1 - foot cont o u r i n t e rv a l  c i ty t o p o g r a p hi c  m ap s .  At 

ce rt ai n  l oc a t i o n s ,  t he t o p o g r ap hi c d a t a  was s u p pl eme nted w i t h f i el d 

s u r v ey e d  d at a  a n d  i n fo r mat i o n  f r om co n s t ru ct i o n  p l a n s .  C ha n n e l 

ro u g hn es s  factors ( Man ni ng ' s  "n ") for t hese com p utati ons w e re as s i gn ed 

o n  t he b a s i s  o f  f i e l d  i n s p e ct i o n s  o f  t he f l o o d  p l a i n  a r e a s , 

p hotog r ap hs , and e xpe r i e nce f rom past stu d i es .  For  stu dy p u rposes , it 

was ass umed t hat c u l ve rts and equal i ze r  p i pes woul d not be o b s t r u ct e d . 

S i gn i f i cant c hanges i n  t hi s  p r em i se, i mposed by d i ffe r i ng cond i t i o ns of 

a futu re f l ood , cou l d al te r  t he esti ma t e d  f l o o d  e l e v a t i o n s  a n d  f l o o d  

l i m i t s  s ho w n  o n  t he m a p s .  A l l el evat i o ns a re meas u red f rom Nati o nal 

Geode t i c  Vert i cal Dat um of 1929 ( NGV D ) . 

C .  DE SIGN CONSTRAINTS 

T he fol l ow i ng des i gn constr a i n t s  w e re co n s i de red i n  t he a n a l ys i s o f  

p roposed i mp rove ment s :  

1 .  Rest r i cted R i g ht-of-Way 

Ba s e d  o n  s i t e v i s i t s  a n d  e xa m i n at i o n  o f  t he city ' s  topog rap hi c 

map s ,  u n o b s t ru cted f l ow p a t hs betwee n p l aya l a k e s  a r e o ft e n 

l i m i t e d  o r  non-e xi stent . T he maj o r ity of t he ove rfl ow from pl aya 

l akes travel s down and across street s ,  pri vate l awn s ,  a n d  al l ey s . 

T he e xi s t i ng l an d  u se w i t hi n  t hese ove rfl ow co r r i d o rs red uce s  t he 

av a i l a b l e  o p t i o n s  fo r v i a b l e a l te r n a t i v e s  con s i d e r a b l y ,  a n d  
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e s c a l a t e s  t h e  c o s t s  by  r e q u i r i n g t h e  r e p l aceme n t  o f  s t reets , 

p u r c h a s e  o f  a d d i t i o n a l r i g h t - o f - w a y , a n d  p o s s i b l e  

p u rc h as e/ rel ocat i o n  of res i de nt i al o r  b u s i n ess st r u ctu res . 

Rel ati vel y F l a t  Te rra i n  

T h e  rel at i v e l y f l at sl ope s  and  t e r ra i n  th roughout the pl ay a l ake 

systems l i m i t s  f l o o d  f l o w  c a p a c i t y f o r m o s t  g r a v i t y f l o w 

al t e rn at i ve s .  Th i s  "fl atness" t end s to i nc reas e the rel ati ve s i ze 

and co r r espo n d i ng co st s of p i pes . 

3 .  · Exi sti ng W ater and Sewe r L i n es 

E x i st i n g w at e r ,  s ew e r ,  a n d  o t h e r  u t i l i t i e s d i c t a t e  d e s i g n 

el eva t i o n s  and al i g n ment fo r s ome p roposed i m p rovement s .  Cost s of 

r e l o c a t i o n s  h a v e  a n  i m p a c t  o n  t h e  f e a s i b i l i t y of v a r i o u s  

al te rnat i ves . 

4. Ex i st i ng  Devel o pment 

H o u se s  a n d  b u s i n es ses a re a l r e ady c l ose to the n atu r al ed ge s  of 

many of th e p l aya l a kes . Th i s  l i m i t s  p o s s i b l e  m o d i f i cat i o n s  of  

exi st i ng pl aya l ake sto rage capac i t i es .  

D .  ECON OMI C  ANAL YSE S 

1 .  Est i mated P ro ject Costs 

For eac h  of the al tern ati ves co ns i de red , a prel i m i n a ry esti mate of 

i m p l em ent a t i o n  cost s w a s  p r ep a r ed .  Th o se co st G  a r e b a sed o n  

p r e l i m i n a r y q u a n t i t i e s a n d  u n i t  p r i c e s  f r o m  r e c e n t  b i d  

tab u l at io n s .  No geotec h n i cal  bor i ngs we re obt a i n ed fo r the stu dy , 

and  n o  det ai l ed grad i ng p l a n s ,  ut i l i ty rel ocat i o n  i nvest i g at i o n s ,  

o r  r i g h t - o f-way comp utat i o n s  we re prepa red . Th e prel i m i n a ry cost 

est i mates f or each al t e rn ati ve a re show n i n  Ap pend i x  B. 
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2. Benef i t-C ost C ompa r i s on s  

a .  P u r p ose and Sc ope - The p r i n c i p a l  p u r p os e  f or m a k i n g t h e s e  

econ om i c anal yses was t o  i denti fy and quanti fy i n  d ol l a rs th e 

ext e n t  of t h e  f l ood p r ob l em a n d ,  on a c om p a ra b l e b a s i s ,  

e v a l u a t e  s ol u t i on s  t o  r ed u ce f l ood l os s e s . E s t i mates of 

f l ood damages and be nef its presented ref l ect 1988 p r i ce s  a n d  

l ev e l  of d ev e l opme n t .  T h e  c u r re n t  i n te r est rate of 8 . 6 25 

p e rce nt f or Fede ral W ate r Res ou rces P r oject s wa s ap p l i e d t o  

c on v e rt c on st ru ct i on c ost s a n d  be n ef i t s  t o  ave r age an n u al  

equ i val e nt val ues . The C orps of E n g i neers ' c om p uter p r og r ams 

St r u c t u r e I n v e n t ory f or F l o od D a m a g e  A n a l y s i s - S I D  

( Refe rence 5 )  and Expected A n n ua l  Fl ood Damages C om p ut a t i on s 

- E A D ( Re fe re n ce 6 )  we re u s e d  i n  t h e  ec on om i c  anal yses as 

desc r i bed bel ow. Be nef it-c ost c a l c u l at i on s  we re m a de on l y 

f or t h os e  a re a s  i n  th e p l ay a s y stems th at h ad s i g n i f i can t 

fl ood damages . I n  s ome a r e a s  e xi s t i n g  d e v e l opme nt i s  n ot 

s u b jected t o  f r e qu e n t  f l ood i n g ( i . e .  n o  f l ood i n g f or l es s  

t h a n 50- t o  1 00 - y e ar f l ood s ) , a n d  t h e  a n n u a l iz e d  f l o od 

damages a re smal l .  

b .  Stu d y  A rea - The ec on om i c an a l y s i s  stu d y  a r ea i n c l u de d  al l 

p r op e r t i es l y i n g wi th i n  th e 500-yea r  f l ood pl a i n  li m it s  f or 

each of the system s .  C i ty aeri al ph ot og r a p h s  c or re s p on d i n g  

t o  th e t op og r a p h i c  map s d a t e d  197 8 and 19 86 se rved a s  base 

map s t o  i de nt i fy th e fl ood-p r one p r ope rt i es . 

c .  F l ood P r of i l es a n d  Del i neat i on s - The wate r s u rface p r of i l es 

and pl ay a l ake el evati ons f or 2- , 5- , 1 0- �  25- , 5 0 - , 1 0 0- , 

a n d  50 0 - y e a r  f l o od eve n t s  b a s ed on ex i s t i ng  pl a y a  l a k e  

c on d i t i on s a n d  f u l l y  d e v e l op e d  wat e r s h ed s  we re u s e d  f or 

e v a l u a t i n g f l o od d a m a g e s . T h e s e  p r of i l e s a i d e d  i n  

del in eat i ng the f l ood p l a i n  l i m i t s  a n d  i n  dete rm i n i n g t h e  

r e l at i on s hi p  of d a m a ge ab l e  p rope rt i es t o  b oth el evat i on and 

f req ue ncy of f l ood occu r rence . 
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d .  R e a c h  Dete rm i n at i o n  - T h e  affected stu dy a reas we re d i v i ded 

i nto re ach es fo r econ om i c  accoun t i ng p u r p o s e s . Th e r e ac h e s  

c o n s i sted o f  e i t h e r  i n d i v i d u a l  pl aya l akes o r  t h e  ove rfl ow 

routes betwee n th em . 

e .  

L and u se/ 
Damage Cate�N ry 

Res i dent i al 

Mul ti fam i l y  

Comme rci al 

Publ i c  

I n v e n t o ry o f  St r u ct u res - F i n i shed fl oo r el evat i o ns  fo r al l 

b u i l d i n g s  i n  t h e  50 0 -ye a r f l o o d  p l a i n  i n  e ac h  p l a y a  l a ke 

s y s tem we re com p i l e d by  u s i n g a CAD D s t a t i o n  t o  d i g i t ize 

ove rl ays of the pe r t i nent st ru ctu res i n  the stu dy a re a .  Each 

s t r u ct u r e  w a s  s e q u e n t i a l l y  n um be red a n d  r efe renced to its 

co r respo n d i ng c i ty topogr a ph ic  sheet n umbe r .  Th e s t r u ct u r e s  

w e re d i v i d ed  i n t o  f o u r  ma jo r  l a n d u s e / d a mage categ o r i es as 

s h o w n  i n  T a b l e I I I - 1 . T h e  c u r r e n t  m a r k e t  v a l u e  o f  

r e s i d e n t i al st r u ct u r es w as esti mated th rough the as si stance 

of a l ocal re al e st at e  c om p a n y . Th e v a l ue  of r e s i de n t i a l  

c o nt e n t s  w a s  est i mated t o  b e  50 p e r c e n t  of the st ructu ral 

v a l u e . I n  F e b r u a r y  198 8 ,  a n  i n ve n t o r y  w a s  m a d e o f  t h e  

exi st i ng comme rc i al devel o pme nt i n  the fl ood p l a i n .  The ty pe 

of bu s i n ess was i denti f i ed , and b u i l d i ng squa re foot ages we re 

c o m p u t e d  f r o m  t h e  c i t y ' s  1 " = 20 0 ' a e r i a l p h otog r ap h s .  

Structure and content val ues fo r t h e  c omme r c i al  s t r u ct u r e s 

w e r e t h e n  c o m p u t e d  by  m u l t i p l y i n g  t h e  b u s i n es s '  s q u a re 

foot age t i m es a d o l l a r v a l u e  pe r s q u a r e  fo o t . A l i s t  of  

ty p i c a l  b u s i n e s s e s  and  t h e i r  a s s oc i at e d  val ues pe � squa re 

foot w as obta i n ed f rom th e Econom ics Sect ion of th e Co rp s o f  

E ng i n ee rs '  Fort W o rt h  Di str ict .  

TABLE I I I - 1  
MAJ OR DAMAGE CATEGORI E S  

Activity Description 
S i ngl e Fam i l y  Res i de nt i al 

A pa rtment s ,  Du p l exes,  Qua d ru p l exes 

Reta i l  and W hol esal e B u s i nes ses , Some L i g ht I n d ust r i al 

P u b l ic and Quas i-Pu b l i c  Bu i l d i n gs 
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f .  B e n e f i t s  f rom I m p rovem e n t s  - T h e  p r i m a r y  b e n e f i t , t o  b e  

de r i ved from a p roposed pl an of i m p rovement,  is a red u ct ion i n  

fl o od d amages .  Soc i al , e nv i r o n m e n t a l , a n d  ot h e r  i n t a n g i b l e 

b e n e f i t s  a re n o t  q u a n t i f i ed i n  m o n et a ry t e r m s . I n st e a d , 

i n t a n g i b l e o r  n o n-mo n et a ry b e n e f i t s  c a n b e  a s s e s s e d  b y  

p e r f o r m i n g a v a l u e  a n a l y s i s .  C h a p t e r V I  c o n t a i n s a 

descr i pt i o n  of t h e  val ue anal ysi s a n d  i t s  resul t s .  

A v e r a g e a n n u a l be n ef i t s  w e r e  c om p ut ed by s u b t r a ct i n g t h e 

pro posed cond i t i o n s , ave rage a n n ual  damages ,  from t h e  basel i ne 

c o n d i t i o n s  a v e r a ge a n n u a l d am a g e s . An n u a l  d a m a g e s  a n d  

benef i t s  fo r ce rta i n  reaches of the stu dy a rea a re c o n t a i n ed 

i n  Ch a pte r I V ,  BAS ELINE CONDIT IONS a n d  Ch apte r V I ,  EVAL UAT ION 

of PROPOSED I MPROV E MENTS . 

Be nef i t  a n d  cost accrual s w e re made comp a r a b l e by  c o n v e r s i o n 

t o  a n  e q u i val ent ann u al bas i s  u s i ng an i nte rest rat e of 8 . 625 

pe rce nt . The ave rage an nual  cost and be nef its we re cal c u l ated 

fo r a S O-yea r per i od of a n al y s i s .  

The normal meas u r e  of econom ic fe as i b i l i ty ,  as u sed i n  F ede ral 

p ro ject s ,  i s  a ben ef i t-cost rat i o  be i ng greate r t h an or equal 

t o  1 . 0 .  C h a p t e r V I  on p r o p o s e d  al t e r n a t i ves d e t a i l s  t h e  

ove r al l ben ef i t-cost rat i o  of e ach al te rnati ve con s i de red . 
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IV . BASELINE CONDITIONS 

U s i n g  t h e  p ro c e d u r es det a i l ed i n  C h a p t e r I I I ,  b a s e l i n e c o n d i t i o ns were 

comp uted f o r e x i s t i n g p l aya l a k e  sto r a g e / o v e r f l ow co n f i g u r at i o n s  a n d  a 

f u t u r e ,  f u l l y - u r b a n i zed wate rs h ed . Th i s- chapter s umma r i zes the resul ts of 

. r the hyd rol og i c ,  hydraul i c ,  and eco n om i c  an al ys i s .  

A .  GROUNDWATER ELEVATIONS 

G ro u n d w ate r e l evat i o n s  w e re est i mated f rom a d e t a i l e d ,  c o m p u t e r  

g e n e r a t e d , g r o u n d w a t e r  c o n t o u r  m a p , u s i n g a c t u a l w a te r d e p t h  

meas u r eme nts i n  80  ex i s t i n g w el l s  t h ro u g h o u t  t h e  C i ty . T a b l e I V - 1  

s h o w s  t h e  p r e d i ct e d  g r o u n d w a t e r e l e v a t i o n s  a n d  p l aya l a k e  p o o l  

el evati o ns esti mated f rom c i ty topog rap h i c map s .  T h e  ma jo r i ty of  t h e  

p l
.
�y�  � a k �s 

_
i �  !abl � IV-1

_
we re sho�n �o � ave �ate r i n  them o n  the C i ty 

topog r ap h ic map s ,  w i t h  n o  contou rs show i ng bel ow the pool el evat i o n .  

B. H YrnOLOGIC STUD Y RESU LTS 

The basel i n e cond i t i o ns hyd ro l og i �  model com p uted the 2- , s-, 10- , 2S- ,  

S O - ,  10 0 - , a n d  S 0 0 -yea r d i scha rQeS and p l aya l a ke pool el evations fo r 

the stu dy a re a .  The hy d rol og i c  model was r u n  w i t h  2 - i n c h e s  of  r u n o f f  

a d d e d  t o  Pl ay a L a k e s  3 9 ,  3 7 ,  3 0 ,  a n d  2S for i n i ti al con d i t io n s ,  wh i l e  

al l othe r  p l aya l akes u sed t h e  w ate r s u r face e l e v a t i o n  s h o w n  o n  t h e  

C i ty to p o g r a ph i c  m a p s  fo r st a rt i ng con d i t io n s .  Tab l e IV-2 shows th e 

10- , s o- ,  1 00- , a n d  S O O -y e a r  p l ay a l a ke o u tf l ow d i s c h a rg e s  fo r t h e  

s t u d y  a re a ,  a s  w e l l a s  t h e  c om pa rabl e d i scha rges from the 1982 Fl ood 

I n su r ance Stu dy ( F I S ) . Tab l e I V -3 c om p a res t h e  1 0 - , S O- ,  1 0 0- , a n d  

S O O - y e a r p l aya l ake wate r s u r face el evat ions fo r th i s stu dy w ith those 

fo r the 1982 FI S .  

A c om p a r i s o n  of  t h e  d i s c h a r g e s  i n  T a b l e I V -2 s h o w s  a n  ave rage 1 26% 

i n c r e a s e  ove r t h e  d i s c h a rg e s  p u b l i s h e d  i n  t h e  o r i g i n a l  F I S .  A 

c om p a r i s o n  of  t h e  e l e v a t i o n s  i n  Tab l e IV-3 shows an ave rage 0 . 9  foot 
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TABLE IV-1 
ESTIMATED GROUNDWATER ELEVATIONS 

AT PLAYA LAKES 

ESTIMATED ESTIMATED 
PLAYA LAKE GROUNDWATER PLAYA LAKE 

SYSTEM NUMBER ELEVATION ( 1 )  ELEVATION ( 2 )  
a==�•===�•-= : -•-==-•===•=== : ---• -----••a--- ; ==•••=--•-==•a• 

- E-1 3 9  3 1 8 5  3 2 6 4 . 9  

37 3 1 9 5  3250 . 5  

3 1  3198 3 2 3 9  

2 7  3 2 1 5  3 2 3 3 . 2  

2 6  3220 3 2 2 4 . 9  

2 5  3200 3200 

2 4  3 2 0 5  3 2 1 1 . 6  

2 3  3 185-3190 3215 . 7-3212 . 6  

1 9  3 175 3204 . 5  

2 0  3 155 3207 

2 1  3 1 6 0  3 18 9 . 8  

E-2 2 2  3200 32 1 6 . 1  

F 18  3113 3 1 7 8 . 2  

1 7  3 1 2 0  3 150 

1 6  3 1 3 7  3 1 5 4 . 6  

SOUTHWEST 30 3207 3255 . 2  

2 9  3205 3250 . 1  

2 8  3 2 1 0  3 24 1 . 5  

91  3195 3 2 1 7 . 8  

( 1 )  ESTIMATED BY WATER RESOURCES CENTER, TEXAS TECH UNIV . ,  FROM 
COMPUTER GENERATED GROUNDWATER CONTOUR MAP . 

( 2 )  ESTIMATED FROM CITY TOPOGRAPHIC MAPS,  DATED 1 9 8 6  AND 1 9 7 8  
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10 YEAR 
D ISCHARGE (CFS) 

TABLE IV-2 

COMPARISON OF DISCHARGES 
1988 STUDY VS . 1 9 8 2  FLOOD INSURANCE STUDY 

50 YEAR 
DISCHARGE (CFS)  

100 YEAR 
DISCHARGE (CFS) 

500 YEAR 
D ISCHARGE (CFS ) 

: ----------·--- : ------------------ : ---·------·--·----- :--·-------·-----·-·---- :  
: 1 982 : 1 98 8  % : 1982 : 1 9 8 8  % : 1 9 8 2  : 1988 ' : 1 9 8 2  : 1 9 8 8  % 

PLAYA # : F . I . S .  : STUDY : DIFF . : F . I . S .  : STUDY : DIFF . : F . I . S .  : STUDY : D IFF . : F . I . S .  : STUDY : DIFF . : 

SYSTEM E-1 : 
3 9  1 4 5  

37 0 

31  0 

27 300 

2 6  8 5  

2 5  0 

24  0 

23  55 

1 9  90 

20 1 1 0  

2 1  0 
SYSTEM E-2 : 

22  0 
SOUTKWEST SYSTEM : 

650 

1 0 0  

1 2 0  

4 50 

150 

1 1 0  

6 0  

5 0  

3 0  

4 0  

0 

0 

30 50 

2 9  4 7 0  

2 8  70 

91  0 
SYSTEM F :  

1 8  

17 

1 6  

0 2 7 0  

0 2 0  

30 

348 

N/A 

N/A 

50 

7 6  

N/A 

N/A 

-9 

-67 

-64 

0 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

4 0 0  9 8 0  1 4 5  : 

0 170 N/A ' :  

7 5  2 8 0  2 7 3  

6 2 0  960 55 

2 9 0  500 7 2  

1 2 5  390 2 1 2  

0 3 2 0  N/A 

135 250 85 

2 1 0  1 9 0  -10 

255 180 -29 

0 60 N/A 

0 0 0 

1 4 0  N/A 

670 N/A 

2 6 0  N/A 

0 N/A 

0 600 N/A 

0 2 0  N/A 

30 N/A 

500 1050 

0 2 1 0  

1 3 5  5 4 0  

8 4 0  1 1 5 0  

4 7 0  7 7 0  

1 6 0  6 7 0  

8 0  540 

180 470 

2 95 400 

3 4 5  3 9 0  

0 150 

0 1 0  

2 1 0  

8 3 0  

5 5 0  

0 

() '/8U 
0 2 0  

7 0  

1 1 0  

N/A 

300 

37  

6 4  

3 1 9  

5 7 5  

1 6 1  

3 6  

1 3  

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

800 1350 6 9 

1 1 5  400 248 

3 1 0  980 2 1 6  

1 4 1 5  1 7 0 0  2 0  

7 4 5  1350 81 

335 1400 318 

2 1 5  1 2 5 0  4 8 1  

3 6 5  960 1 6 3  

535 910 70 

595 920 55 
1 1 5  4 7 0  3 0 9  

50 50 0 

350 N/A 

1 2 5 0  N/A 

930 N/A 

0 N/A 

85 910 9 7 1  

0 20 N/A 

1 6 0  N/A 

NOTES : 1 .  1988 HYDROLOGIC MODEL WAS RUN WITH 2" RUNOFF IN PLAYA LAKES 3 9 , 37 1 30 ,  AND 25 
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN ON CITY TOPOGRAPHIC MAPS 
FOR STARTING CONDITIONS . 

2 .  A "---" SYMBOL UNDER THE " 1 9 8 2  F . I . S . "  COLUMN INDICATES THAT THE PLAYA LAKE WAS NOT 
STUDIED IN DETAIL FOR THE 1 98 2  FLOOD INSURANCE STUDY . 
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TABLE IV-3 

COMPARISON OF PLAYA LAKE WATER SURFACE ELEVATIONS 
1 9 8 8  STUDY VS . 1 9 8 2  FLOOD INSURANCE STUDY 

10 YEAR 
ELEVATION ( FT . )  

5 0  YEAR 
ELEVATION (FT . )  

100 YEAR 
ELEVATION ( FT . )  

500 YEAR 
ELEVATION (FT . )  

- - - - - - - - - - ------------- : - - - - - --�-.- - - -----· --------·- : - ·------------·---- : --------------- : 
1 9 8 2  

PLAYA # : F .  I .  S .  

SYSTEM E-1 : 
3 9  : 32 6 8 . 3  

37 : 32 6 2 . 2  

3 1  : 32 5 4 . 0  

2 7  : 3 2 3 7 . 1  

2 6  : 32 3 3 . 0  

2 5  : 32 2 7 . 1  

2 4  : 32 2 3 . 6  

2 3  : 32 2 1 . 4  

1 9  : 32 1 4 . 7  

2 0  : 32 12 . 8  

2 1  : 31 9 9 . 8  
SYSTEM E-2 : 

2 2  : 32 2 3 . 5  
SOUTHWEST SYSTEM: 

1 9 8 8  D IFF . : 1 9 8 2  
STUDY ( FT . )  : F . I . S .  

3 2 68 . 8  0 . 50 

3 2 6 5 . 5  3 . 30 

3254 . 6  0 . 60 

3 2 3 8 . 1  1 . 00 

3 2 3 1 . 8  : - 1 . 2 0  

3 2 2 7 . 4  0 . 30 

3 2 2 7 . 8  4 . 2 0  

322 2 . 7  1 . 30 

3 2 1 4 . 8  0 . 10 

3 2 1 2 . 8  0 . 00 

3 2 0 2 . 1  2 . 30 

3 2 2 3 . 0  : -0 . 50 

3 2 6 8 . 6  

32 65 . 5  

3255 . 0  

3 2 3 7 . 5  

3 2 3 3 . 3  

3 2 2 7 . 7  

3 2 2 7 . 0  

322 1 . 9  

3 2 15 . 1  

3 2 1 3 . 0  

3204 . 7  

3 2 2 4 . 7  

1 9 8 8  DIFF . : 1 9 8 2  
STUDY (FT . )  : F . I . S .  

3 2 6 9 . 0  0 . 4 0  3 2 6 8 . 7  

3 2 6 6 . 7  1 . 20 3 2 6 6 . 0  

3255 . 0  0 . 00 3 2 55 . 3  

3 2 3 9 . 0  1 . 50 3 2 37 . 7  

3 2 3 2 . 8  -0 . 5 0  3 2 33 . 6  

3 2 2 8 . 2  0 . 50 3 2 2 7 . 8  

3 2 2 8 . 2  1 . 2 0  3 2 2 7 . 4  

3 2 2 3 . 4  1 . 50 32 2 2 . 0  

3 2 1 5 . 9  0 . 80 3 2 15 . 3  

3 2 1 4 . 0  1 . 00 3 2 13 . 1  

3 2 0 8 . 6  3 . 90 3207 . 0  

3 2 2 4 . 6  -0 . 10 3 2 2 4 . 8  

1 9 8 8  DIFF . : 1 9 8 2  
STUDY (FT . )  : F . I . S .  

3 2 6 9 . 0  0 . 30 3 2 6 9 . 0  

32  67 . 4  1 . 4 0  3 2 6 7 . 3  

3255 . 4  0 . 10 3 2 55 . 8  

3 2 3 9 . 2  1 . 50 3 2 3 8 . 1  

3 2 3 3 . 3  -0 . 30 3 2 34 . 0  

3 2 2 8 . 5  0 . 7 0  3 2 2 8 . 2  

32 2 8 . 3  0 . 90 3 2 2 7 . 9  

32 2 3 . 9  1 . 90 3 2 2 2 . 5  

3 2 1 6 . 6  1 . 30 3 2 15 . 6  

3 2 1 4 . 3  1 . 20 3 2 1 3 . 4  

3 2 0 9 . 1  2 . 10 3 2 0 9 . 7  

3 2 2 5 . 2  0 . 4 0 3 2 2 5 . 0  

1 9 8 8  DIFF . : 
STUDY ( FT . ) : 

3 2 6 9 . 1  0 . 10 

3 2 6 8 . 5  1 . 2 0  

3 2 5 6 . 0  0 . 20 

32 4 0 . 0  1 . 90 

3 2 3 4 . 4  0 . 40 

322 9 . 1  0 . 90 

3 2 2 8 . 8  0 . 90 

3 2 2 4 . 8  2 . 3 0  

3 2 1 7 . 8  2 . 2 0  

3 2 1 5 . 0  1 . 60 

320 9 . 8  0 . 10 

3 2 2 6 . 0  1 . 00 

3 0  3 2 60 . 9  N/A 32 6 1 . 2  N/A 3 2 6 1 . 4  N/A 3 2 6 1 . 8  N/A 

2 9  

2 8  

9 1  
SYSTEM F :  

1 8  : 3 1 8 6 . 1  

17  : 3 1 80 . 8  

1 6  

NOTES : 

3 2 5 2 . 4  N/A 3 2 5 2 . 6  N/A 3 2 5 2 . 8  N/A 3253 . 0  

3 2 4 9 . 4  N/A 32 4 9 . 8  N/A 3250 . 0  N/A 3250 . 3  

32 3 1 . 3  N/A 3 2 3 5 . 4  N/A 3 2 3 7 . 3  N/A 3 2 4 0 . 0  

3 1 8 7 . 0  0 . 90 3 1 8 6 . 3  3 1 8 7 . 5  1 . 20 3 1 8 6 . 4  3 1 8 7 . 7  1 . 30 3 1 87 . 0  3 1 8 7 . 8  

3 1 8 1 . 7  0 . 90 3 1 8 4 . 7  3 1 8 4 . 3  -0 . 4 0  3 1 8 5 . 4  3 1 8 5 . 4  0 . 00 3 1 8 7 . 0  3 1 8 7 . 3  

3 1 7 8 . 7  N/A 3 1 8 1 . 7  N/A 3 18 2 . 4  N/A 3 1 8 3 . 1  

1 .  1988 HYDROLOGIC MODEL WAS RUN WITH 2 "  RUNOFF I N  PLAYA LAKES 3 9 , 3 7 , 3 0 ,  AND 2 5  
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN O N  C I T Y  TOPOGRAPHIC MAPS 
FOR STARTING CONDITION S .  2.  A "---" SYMBOL UNDER THE " 1 982 F . I . S . "  COLUMN INDICATES THAT THE PLAYA LAKE WAS NOT 
STUDIED IN DETAIL FOR THE 1 9 8 2  FLOOD INSURANCE STUDY . 
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i nc rease ove r the el evat i o n s  p u b l i s h ed i n  t h e  o r i g i n a l  F I S .  T a b l e s 

I V - 2  a n d  I V -3 s h ow that th e 19 82 F I S  100-yea r wate r s u rface el evat i o n  

for  P l aya Lake 3 7  was above t h e  basel i n e cond i t i o ns ove rfl ow el e v a t i o n  

( 3 26 6 v s . 3 264 ) b ut that the re w as n o  ove rfl ow d i s cha rge . Th i s  i s  d ue 

to the fact that at the ti me t h e  FIS  was p rod uce d ,  a n  i r r i g a t i o n  ca n a l  

w a s  b l oc k i n g f l ow f r om P l a y a  L a k e  3 7  t o  Loo p 289 a n d  Pl aya Lake 3 1 .  

The i rr i gat i o n ca n al h as s i nce been removed . 

The i ncre ases i n  d i scha rges and el evat ions a re d ue to th e ass umpt i o n  of 

a fut u r e ,  ful l y- u rba n i zed w atersh ed , u p dated ove rfl ow backwate r model s ,  

a c h a n g e  i n  a s s u m e d  r a i n f a l l d i str i b ut i o n ,  mo re det a i l ed model s ,  and 

oth e r  a s s u m p t i o n s  r e l a t e d  t o  s t a rt i n g l a k e  l ev e l  c o n d i t i o n s . See 

A p p e n d i x  C ( S e p a r a t e  V o l u m e ) fo r det a i l ed c om p ute r pr i ntout of th e 

hyd rol og i c  model s .  

C .  H YDRAU LI CS STUD Y RESU LTS 

The basel i ne cond i t i o n f l o od d i sch a rges w e re i n pu t  i n t o  t h e  b a c k w a t e r 

m o de l s a n d  e xec u t ed t o  c om p u t e  wate r s u r face p rof i l es and hydrau l i c 

r ati ng  c u rves of t h e  ove rl a n d  f l ow rou t e s  b e tw e e n  t h e  p l ay a l a k e s  i n  

the stu dy a re a .  

T h e  p l ay a l ake pool el evat i o n s ,  al o ng w it h  the wate r s u r face p r of i l e s ,  

w e re u s e d  t o  d e l i n e at e  t h e 1 0 0-ye a r  f l o o d  p l a i n  fo r the stu dy a re a .  

S h eets 1 -35 , l oc a t e d  i n  A p p e n d i x  A ,  s h ow t h e  1 0 0 - ye a r  f l o od p l a i n ,  

c ro s s -s e ct i o n s ,  ove r f l ow w ate r s u r f a ce e l e v a t i o n s ,  p l aya l ake pool 

el evati o n s , and affected b u i l d i ngs fo r t h e  s t u dy a re a . T h e  100 y e a r  

f l ood pl a i n  shown o n  the sheet s i s  b ased o n  ex i st i ng pl aya l ake sto r age 

capac i t i es and ove rfl ow routes , w i t h  a fu l l y  u rb a n i zed w ate rsh ed . 

A p p e n d i x  C c o n t a i n s  t h e  s um ma ry H EC-2 p r i n t o u t  o f  t h e  h y d r a u l i c  

a n al y ses . Th i s  ap pend i x  w a s  n ot p u b l i s h e d  w i t h  t h i s  rep o rt ,  b u t i s  

avai l ab l e f rom th e C i ty of L ub bock o r  Al be rt H .  H al f f  Ass oci ates . 
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D .  ECON OMI C  ANALYSES RESU LTS 

1 .  St ruct u res and I nvestme nt i n  Fl ood Pl a i n  

A tot � of 1 , 223 stru ctu res we re i de n t i f i e d  w i t h i n  t h e 5 0 0 - ye a r 

f l o o d  p l a i n  l i m i t s i n  t h e  stu dy a re a .  O f  t h e  t ot al , 1 , 1 5 6  

st ru ct u r e s  ( 9 4 . 5% pe r ce n t ) a r e  r e s i d e n t i a l  d w e l l i n g s .  T h e 

r e s i d e n t i al  s t r u ct u r es cons i st ma i nl y  of o ne sto ry b r ic k ,  b r ick­

v e n e e r ,  o r  f r am e  h om es b u i l t  on co n c r e t e  s l a b s . S y s t e m  E 1  

c o nt a i n s  t h e  h ea v i e s t  c o nce n t r at i o n  o f  f l o od p l a i n  prope rt i e s  

( 94 . 9  pe rcent o f  t h e  tot al ) .  Esti mates for t h e  tot al f l o o d  p l a i n  

i n v e s tm e n t  ( b u i l d i n g s  a n d  co nte n t s ) w i t h i n  t h e  5 0 0-ye a r  fl o od 

pl a i n  l im it s  tot al ed al most $154 m i l l io n .  Re s i de n t i al  d w e l l i n g s  

r a n g e  i n  st r u ct u r a l  v a l u e  betw e e n  $2 0 , 0 0 0  t o  $142 , 0 00 ,  w i t h  a n  

ave rage o f  about $63 , 80 0 ,  excl u d i ng thei r l an d  val ue a n d  content s .  

2 .  Summa ry of Fl o od Losses 

System 
E - 1  

E-2 

Sout hwest 

F 

TOTAL 

It i s  est i m a t e d  t h at a 5 00-ye a r  f l o od co u l d p ote n t i a l l y  c a u se 

p ro p e rty d a m a g e s  of  a bout $35 . 6  m i l l i o n .  Th i s  woul d represent a 

l oss of about 23 p e rce nt of the total i nvestm e n t  i n  t h e  a f fe c t e d  

stu dy a re a .  Compa rat i vel y ,  the 1 0 -yea r  event cou l d p rod u ce l os s e s  

of about $975 , 0 00.  E sti mates o f  fl ood l osses f o r v a r i o u s  s i n g l e 

occ u r re nce f l o od event s ,  by system , a re p resented i n  Tab l e IV-4 . 

TABLE IV-4 

E STIMATE S OF S INGLE OCCURRENCE FLOOD LOSSE S  
BY PLAYA LAKE SYSTEM 

( 19 8 8  Pr i ces a n d  Level of Devel o pme n t ) 
V al ues a re i n  $1 , 0 00 

500-Year 100-Year 50-Year 10-Year 
3 3 ,595 . 5  15 , 15 2 . s  9 , 90 2 . 6  93 1 . 8  

2 97 . 4  5 2 . 2  2 2 . 7  0 

1 ,0 47 . 6  1 1 3 . 4  9 1 . 2  0 

6 1 9 . 2  226 . 6  1 12 . 2  42. 9 

35 ,55 9 . 7  15 ,544 . 7  1 0 , 12 8 . 7  974 . 7  
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3 .  Ave r age An n u al Damages 

E st i mates of a v e r a g e  an nual  damages < AAD ) u nd e r  basel i n e chan nel 

and fl o od p l a i n  co n d i t i o n s  we re c a l c u l a t e d . Th e tot al e x i s t i n g 

a ve r a g e  a n n u a l  f l o o d  l o s se s  i n  t h e  stu dy a rea a re esti mated at 

nea r $74 9 ,00 0 ,  b ased o n  1988 pr i ces . Th ese d am ag e s  i n c l u de o nl y 

b u i l d i n g s  a n d  c o n t e n t s  a n d  d o  n ot ref l ect d am a g e s to street s ,  

br i d ges , ut i l i t i e s ,  e tc . A b re a k d o w n  of  t h i s  i n fo r m a t i o n ,  by  

system , is  cont a i n ed i n  Tab l e IV-5 . 

TABLE IV-5 

EXI STING AV ERAGE AN NUAL DAMAGES 
B Y  PLA YA LAKE S YST EM * 

( Ma rch 1988 P r i ce s  and Level of Devel o pme nt ) 

System 
E - 1  

E- 2 

Southwest 

F 

TOTAL 

Ave rage Annual Damages 
$7 21 , 15 0  

2, 5 3 0  

4 , 800 

20.340 

$74 8 , 8 20 

* INCL UDE S ONL Y BUI LDING S  AND CONTENTS WITHIN 5 00- YE AR FLOOD PLAIN 
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V .  PLAN FORMULATION 

A l t e r n a t i ve met h o d s  of m i t i ga t i n g f l o od d a m a g e s  c o n s i de red for th i s  a re 

d i ag r ammed i n  F i g u r e V - 1 , a n d  d i s c u s s e d  b e l ow . T h e  met h o d s i n c l u de N o  

Act i o n ,  Nonstruct u r al Me as ures , Structu r al Meas u r e s ,  a n d  Rel i e f  Me as u res . 

A .  N O  ACTION 

B .  

T a k i n g  n o  act i o n  i s  a n o n - s t r u ct u r a l me as u r e  t h at m u st al w a y s  b e  

con s i de red . Tak i ng n o  act i o n  towa rds the fl o od i ng p robl ems i de n t i f i e d 

wo u l d m e a n  t h at t h e  C i ty w o u l d rel y on  i t s  p l a y a  l a k e  s u b d i v i s i o n  

ord i n a nce to h an d l e al l future devel o pment i n  the p l aya l a kes , a n d  o n  

i t s  F l o o d  I n s u r a n c e P ro g r am reg u l at i o n s t o  h a n d l e b o t h  fu t u r e  and 

exi s t i ng devel o pment i n  th e 100-yea r f l ood p l a i n  a n d  f l o o d w ay f r i n g e . 

T h e  i n te r est a n d  s i g n i f i c a n t e f fo rt u n de r t a k e n by  t h e  C i t y i n  the 

p rod u ct io n  of th i s  stu dy i n d i cated t h a t  L u b boc k w i sh e s to u n de rt a k e 

some act i o n  tow a rd s  al l ev i at i ng f l ood i ng probl ems i n  the stu dy a rea . 

NON-STRUCTURAL ME ASURE S  

N o n - s t r u ct u r a l met h o d s  a re the man ageme nt and/or l eg i sl at i ve meas u r es 

u s e d  t o  d e c r e a s e f l o o d i n g a n d  r ed u ce f l o od d a m a g e  t o  i n d i v i d u a l 

s t r u ct u r e s  o r  t o  l a n d  i n  o r  a ro u n d  a com mu n i ty .  Struct u r es ca n be 

p rotected by e l e v a t i n g i n  p l ace o r  s p e c i f i c  a r e a s of l a n d _ c a n  b e  

r e g u l ated o r  acq u i red  i n  fe e o r  ea seme n t .  N o n - s t r u ct u r al meas u r es 

con s i de red for th i s  stu dy we re : 

o Land u se z o n i ng and s u b d i v i s i o n  reg u l ati o ns 

o On-site dete n t i o n  pol i cy 

o Ra i s i n g of f i n i sh ed f l oor el evati ons 

1 .  Land  Use Zo n i ng and S ub d i v i s i on  Reg u l at i o n s  

A s  n o n - s t r u c t u r al m e a s u r e s , l a n d  u s e z o n i n g  a n d  s u b d i v i s i o n 

reg u l at i o n s  al l ow a commu n i ty to reg u l ate dev e l o p me n t  w i t h i n  t h e  

f l o od p l a i n .  T h e  C i ty c u r re n t l y h a s a comp rehensi ve o rd i n ance 
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reg u l at i ng devel o pme nt w i t h i n  the des i g n  h i g h  water ma rk f o r  t h e  

p l aya l a k e s . By  p a r t i c i p at i n g i n  t h e  N a t ion al Fl ood In s u r ance 

P rogram ,  the C i ty a l s o  h as r eg u l at i o n s  g o v e rn i n g t h e  1 0 0-ye a r  

f l ood pl a i n  w i th i n  and between the p l aya l akes . 

2 .  On-S ite Detent i o n  Pol i cy 

A n  o n - s i t e  detent i o n  pol i cy wo u l d h el p the City red uce the i mpact 

of u rb an i zat ion on u n devel oped p o rt i o n s  of a w at e r sh e d . Su ch  a 

p o l i cy wo u l d req u i re d e v e l o p e r s to prov i de temporary sto rage of 

sto rmwate r w i th i n  th e i r s ub d i v i s io n .  Th e bas i c  o b jecti ve of  s u c h  

a d e t e n t i o n p o l i cy w o u l d b e  t o  m i n i m i z e t h e  i n c r e a s e  i n  p e a k  

d i s cha rges a n d  ru n of f  v ol umes res ul t i ng f rom i nc re ased i m pe rv i ou s  

c o v e r d ue to d e v e l o pme n t .  Beca u se o f  t h e  f l at t e r ra i n  i n  the 

s t u dy a re a ,  con s t r u ct i o n  o f  d e t e n t i o n  f a c i l i t i e s w o u l d b e  

e x p e n s i ve .  Therefo re , a general on-s i t e  detenti o n  pol i cy ap pea rs 

to be i m pract i cal for th e C i ty of L ub bock . 

A va r i at i o n  of the on-s i t e  detent i o n  pol i cy wo u l d be the retent i o n  

of stormwate r by h omeowne rs u s i ng u n de rg rou n d  c i ste rn s o n  t h e i r 

l o t s . T h e  w a t e r co u l d b e  u s ed  by homeow n e rs fo r i r r i gat i o n  of 

thei r l awns and ga r den s .  Prev i ou s  stu d i es o f  t h e  fe a s i b i l i ty o f  

t h i s  m e a s u r e  ( Re fe re nce 7 )  have shown that the cost o f  a ci stern 

retent ion system i s  too l a rge to be  of f s e t  by t h e  red u ce d  wate r 

u se cost s ,  and wou l d req u i re the c i ty to offe r i nce nt i ves to cove r 

the d i s pa r i ty .  

3 .  Ra i s i ng of F i n i shed Fl o o r  E l evat i ons  

A n o t h e r n o n -s t ru ct u r al m e a s u r e i s  t h e  p h y s i c a l r a i s i n g o f  

s t r u ct u r e s  a f fe c t e d  b y  f l o o d i n g .  S u ch a me a s u r e  req u i res the 

p l acement of the s t ru ct u re on a rai sed p i e r  fou n d at i o n ,  a d ju s t i n g 

u t i l � t i e s a n d  s i t e a e s t h e t i c s ,  a n d  f l o od p r o o f i n g u t i l i ty 

con n ect i on s .  The types of stru ctu res i de al l y  s u i t e d  fo r r a i s i n g 

a re res i de nt i al and l i ght comme rci al str uctu res w i th p i e r  and beam 

fou ndat i on s .  S l ab-o n-g rade st ru ctu res a re n ot n o rm al l y  fe a s i b l e  
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t o  r a i s e .  F e d e r a l  s t u d i e s ( Re f e r e n c e  8 )  s h ow t h at rai s i ng of 

stru ctu res i s  gen e r al l y  not cost-ef fect i v e i f  t h e  b u i l d i n g s  a r e 

a b o v e  t h e  1 0 - y e a r  f l o o d  l ev e l . W i t h i n  t h e  stu dy a re a ,  t h e  

majo r i ty of damages t o  stru ctures w a s  occ u r r i n g a b ove a 1 0 -y e a r 

fl ood ,  th erefore mak i ng th i s  al tern ati ve econom i cal l y  i n feas i bl e .  

C.  STRUCTURAL ME ASURE S  

S t r u c t u r a l m e a s u r e s  a r e a c t i o n s  t a k e n  t o  a l t e r  s e c t i o n s o f  a 

wate rcou rse w i th i n a wate rsh e d  t o  p r eve n t  f l o o d  l o s s e s . St ru ct u r a l 

m e a s u r e s  i n c l u d e  d a m s , l ev e e s , d i ve rs i o n ,  d i ke s ,  c h a n n el s ,  p um p  

stat ion s ,  and p i pe system s .  T h e  st ru ct u r al me a s u res co n s i de r ed fo r 

t h i s  stu dy we re :  

o L i ft stat i o ns/force ma i n s  

o Automat ion con trol s 

o Open d r a i nage chan nel s 

o G rou ndwate r recha rge 

o G rav ity outfal l s  

o Com b i nat i o n  of two o r  mo re of t h e  above 

Any structural flood control measure for Lubbock' s  pl aya lake systems 

must address the inte rdependence of the individual lake storage 
capacities. Th i s  i n te rdepe n de nce i s  a res u l t of the pl aya l ake systems 

b e i n g " c l o s e d " s y s t e m s ,  i . e . ,  t he re i s  n o  d i rect co n nect i o n  to 

Yel l owhou se Canyo n .  The refore , al l runoff vol umes mu st be cont a i n ed by 

t h e  p l ay a l a k e s  o r  s p i l l out of the most dow n st ream pl ay a l ake i n  the 

syst em , ove rl and t o  Yel l owhou se Canyo n .  Mod i f i ca t i o n  of one port ion of 

t h e  system w i l l  a f fect oth e r  p rot i on s .  

1 .  Li ft Stations and  Fo rce Ma i n s  

. 

L i ft stat i o n s / f o rce m a i n s w o u l d p um p  s t o rmw a te r between pl aya 

l akes or to Yel l owhou se Canyon . For a g i ve n  des i gn fl ood , p ump i ng 

w o u l d l o w e r  p l a y a l a k e  e l e v a t i o n s  t o  p r e v e n t  f l ood i n g of 

s u r rou n d i ng st ru ctu res , a s  w el l as  p r eve n t i ng ove r f l ow betwe e n  

V-3 



p l a y a  l a k e s . Beca u s e  o f  t h e  i nte rdepende nce between pl aya l ake 

stor ages , any l i ft stat ion/ force ma i n  f l o o d  c o n t r o l  al t e r n a t i v e 

w o u l d h a ve t o  i n c l u de p um p i n g to Y e l l o w h o u se C a n y o n .  Pumpi ng 

betwee n pl aya l akes w ithout d i ve rs i o n  to Yel l owhou se C a n yo n  w o u l d 

i ncrease fl ood vol umes i n  the dow n stream p o rt i o n  of the pl ay a l ake 

systems res u l t i ng in h i gh e r  wate r s u r face e l evat i o n s  and i ncreased 

f l ood damages . 

The C ity ' s  ex i st i ng l i ft stat i o n  at C l a p p P a rk ( P l ay a L a ke 2 1 )  

p u m p s  i n to an exi sti ng storm sewe r w i th n ume rou s i nl et s .  Pump i ng 

water out of Cl ap p P a rk can occu r  onl y when there i s  no d a n ge r o f  

s u r ch a rg i n g t h e  storm sewe r a n d  cau s i ng l ocal i zed f l ood i ng .  Th i s  

p otenti al l i ab i l i ty fo r the C ity l i m i t s  t h e  u se o f  t h e  ex i st i n g 

l i ft st at i o n / st o rm s ewe r comb i nat ion as a rel i ab l e  f l ood con t rol 

a l t e r n at i v e ,  b e c a u se p um p i n g  w o u l d b e  h e a v i l y  d e p e n d e n t  o n  

hydrau l i c  con d i t io n s  i n  the downstream sto rm sewe r .  

To p rov i de cost-effect i ve fl ood control , l i ft stat i o n/ fo rce m a i n s  

r eq u i r e l a rge f l oodwate r storage capac i t i es i n  o rde r to keep bot h  

t h e  p um p  s i ze and  the p i pe d i amete r sm a l l .  T h e  l i m i t ed sto r a g e  

c a p a c i t i e s o f  t h e p l a y a  l a k e s  i n  t h e  s t u d y  a r e a  w o u l d 

s i gn i f i cantl y i n c r e a s e  t h e  p um p  s i ze n ec e s s a ry t o  a c h i ev e  t h e  

l e v e l o f  f l o o d  c o n t r o l  p rov i d e d  b y  an  u nc o n t r o l l ed g r av i ty 

o utfal l .  The co nstruct i o n  an d ma i ntenance costs associ ated w i t h  a 

p um p  st at i o n  w o u l d m a k e  a l i ft stat i on/ force ma i n  f l ood cont rol 

al tern at i ve mo re expens i ve than an u ncontrol l ed g r av i t y  o u t f a l l .  

F o r  th e s e  r e a s o n s ,  l i ft st at i o n s/ fo r ce m a i n s  a s  d i r e ct f l o o d  

control al tern ati ves were not cons i de red fu rt h e r  i n  th i s  stu dy . 

2 .  Automat i o n  Con t rol s 

Automat i o n  control s a r e  u s u a l l y  a p p l i e d t o  l i ft stat i o n s/ fo r ce 

ma i n  f l o o d  con t rol al te rnati ves . Th e con t rol s se rve to create an 

a utomat i c  r e s p o n s e  o f  t h e  f l o od co n t r o l  s y s t e m  t o  s p e c i  f i e  

r a i n fal l amounts and  wate r s u r face el evat ion s w i th i n sel ected t i me 

p e r i o d s .  Beca u s e of  t h e  i n f e as i b i l i ty of  l i ft stat i o n/ fo rc e  
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3 .  

ma i n s ,  a u t om a t i o n  c o nt r o l s w e re n ot c o n s i de red fu rther i n  th i s  

stu d y .  

Open D rai n age Chan nel s 

O p e n  d r a i n ag e  w a y s  c o n s i st i n g  o f  g r a s s- l i n ed  c h a n n e l s w o u l d 

n o r m a l l y p rov i d e t h e most cost-effect i ve t ype of fl ood cont rol . 

How eve r,  the seve re r i ght-of-w a y  const r a i nts t h at ex i st w i t h i n  the 

stu d y  a r ea woul d fo rce an  open ch an n el al te rnati ve to i ncl u de th e 

p u rchase of homes and/or  comme rc i al st r u ct u res , pe rma n e n t  c l o s i n g 

of one or  more res i denti al street s ,  a n d  ma jor ut i l i t y  rel ocat i on s .  

Nei ghbo rhood a n d  commu n i t y  di s r u pt i o n  woul d b e  ext reme . W i t h  t h e  

c o n t r a i n t s  p r ev i ou s l y me n t i o n ed and pred i ct ab l e  h i gh co st s ,  th e 

i m p l eme ntat i o n  o f  o p e n  c h a n n e l  f l o o d  c o n t r o l  m e a s u r e s  i s  

precl u ded . 

4. G rou ndw ate r Rec h a rge 

G ro u ndwater rech arge from pl a y a  l akes h as been stu d i ed extens i vel y 

b y  the Wate r Resou rces Cente r at Texas Tech U n i ve rs i t y  ( Refe r e n c e  

9 ) . W h i l e  t h e  st u d i es h ave shown t h at pl a y a  l akes a re excel l e nt 

ca n d i dates fo r g rou n dwate r recha rge s ystems , there a re two fact o rs 

w h i c h  r u l e out the u se of groundwater rec h a rge as a fl ood co ntrol 

me as ure for the stu d y  a re a :  h i gh exi s t i ng g rou n dwate r e l e vat i o n s  

a n d  rel at i ve l y l ow rec h a rge rates . P rev i o u s  g rou ndw ate r stu di es 

of the Ogal l al a  Aq u i fe r  show a r i s i ng g rou n dwate r tab l e  u n de rn eat h 

t h e  C i t y  of  L u b bo c k  { Re fe rence 1 0 ) . I n  some a reas , grou ndwater 

el evat ions  a re h i gh e n o u gh that th e y  prevent o r  i n h i b i t  r e c h a r g e  

f r o m  t h e p 1 a y a 1 a k e s i n to t h e  g r o u n d w ate r • I n s om e  c a s e s , 

g r o u n d w at e r  e l e v a t i o n s  a r e a b o v e  p l a y a l a k e  b o t t o m s ,  a n d  

g ro u n d w at e r ma y be fl ow i ng i nto the l ake it sel f .  W i t hout res umed 

p um p i ng b y  th e C i t y  or agr icul t u r al i nte rest s ,  the al te r n a t i v e  o f  

i n c r e a s i n g t h e  r a t e  of  g ro u n d w ate r rec h a r ge f o r  f l ood control 

woul d o n l y com p ou nd th e r i s i ng g rou n dwate r p robl em .  I n  ad d i t i o n , 

t h e  rates of rec h a rge , even u nde r i de al co nd i t i o n s ,  a re not l a rge 

en ough to p rov i de f l ood control when  compa red w i t h  the v o l u m e s  of 
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w at e r t h at w o u l d h av e  t o  b e  remo v e d  f rom a pl aya l ake d u r i ng a 

g i ve n  des i gn fl ood . For th ese re ason s ,  g rou n d w at e r rech a rge w a s  

n ot cons i de red a s  a fe as i bl e  fl ood co nt rol al te rn at i ve .  

5 .  G r av i ty Outfal l s  

G r av ity o u t f a l l s  t o  Ye l l ow h o u s e C a n y o n , o r  between pl aya l akes 

coul d be vi a b l e  f l o od co n t r o l  a l te r n at i v e s  fo r t h e  s t u dy a re a . 

G r av ity o u t f a l l s  b e t w e e n  p l ay a l akes a re affected by rel ati vel y 

f l at g rou nd sl o p es , r eq u i r i n g l a rge r p i pe s i zes to ca r ry a de s i g n 

f l o od . C o n st r u ct i o n  c o s t s  of  g r av i ty o u t f a l l s  t o  Yel l owho u se 

Canyon a re af fected by the l a rge d i st ance betwee n the p l aya l a k e s  

i n  t h e  stu dy a rea a n d  t h e  canyo n .  These l a rge d i stance s res u l t i n  

l a rge p i p e l e n g t h s  a n d  d e e p  c u t s ,  r e s u l t i n g i n  i n c r e a s e d  

c o n st r u ct i o n  cost s .  Seve ral g r av ity al tern at i ve s  w e re cons i de red 

fo r the stu dy a re a  ( See Ch apte r VI ) .  

6 .  Comb i n at i o n  of Al t e rn at i ves 

A com b i n at i o n  of a l i ft stat i o n  and g r av ity outfal l cou l d be u s ed  

t o  p rov i de a n  i n d i r e ct me an s of f l o o d  c o n t rol . A p ump/ g r av i ty 

outfal l system cou l d be u sed to l ower  the pl aya l akes n o rm a l  p o o l  

el evat i on s .  Lowe r n o rmal pool el evat i o n s woul d p rov i de ad d i t io n al 

s t o r ag e  ca p a c i ty f o r f l o od e v e n t s . A ft e r a f l o od e v e n t , t h e  

p um p/ g r av i ty o u t f al l s y stem w o u l d d r a i n  t h e  l a k e s  down ove r  a 

pe r i od of seve ral d ays to retu rn t o  a de s i g n n o rm a l  p o o l · l ev e l . 

Th i s  type of system i s  not · a  di rect me an s of f l o od con t rol because 

the system is  des i gn ed to pe rfo rm � a f l o o d  e v e nt occu r s . A 

p ump/ grav i ty outfal l system w as eval uated for th i s  stu dy . 

D .  RELIEF ME ASURE S  

1 .  Publ i c  D i saster Act i o n  

The C ity of L u b bock h as p roce d u res t o  be  fol l owed w h e n  f l o od i ng i s  

a n t i c i p at e d  at s p e c i f i c  l ocat ion s ( su ch as the f rontage roads o n  
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I • 

Loop 289 near Qua ke r Ave nue ) .  C ity of fi ci al s m o n i t o r  a re a s  t h at 

a re l i kel y to f l o od ,  and whe n fl ood i ng becomes i mm i nent,  pe rsonnel  

a re d i s pa tc h ed t o  t h e  a r e a s  to w a r n  t h e  r e s i d e n t s , a n d  t o  

ba r r i ca de d ange rou s ro ad s .  Portab l e  p umps h ave bee n u sed t o  l owe r 

p l aya l ake l evel s after h eavy r a i nfal l .  

F l o o d  I n s u r a nce 

Fl o od i n s u r a n c e  h e l p s  to a l l ev i at e  t h e  c o st to i n d i v i d u a l s of 

f l o o d  d est r u ct i o n  a ft e r f l o o d i n g h a s occ u r r e d . It do e s  n o t , 

h ow eve r ,  p r ev e n t  d am a g i n g f l o od s ,  w h i c h rema i n  b u r d e n s om e t o  

i n s u r a n ce i n s t i t u t i o n s ,  p ro pe rty o w n e rs , a n d  l ocal and Fede r al 

Gove rnme nts .  Pu r c h ase of mo re fl ood i n s u rance fo r p ro pe rty own e rs 

i n  t h e  stu dy a re a  w i l l of fe r  s ome r e l i e f f r om e xpe n s i ve f l ood 

d a m a g e s .  T h e  al t e r n at i v e may be  a d v a n t a g e o u s  i n  a r e a s  t o o  

i n f r eq u e n tl y f l o oded t o  ju sti fy any oth e r  fl ood damage m i t i gat i o n  

meas u r e .  L u b bock i s  a p a rt i c i pant i n  the Nati o nal Fl ood I n s u r ance 

P ro g r a m  ( NF I P ) .  A s  a co n d i t i o n  t o  p ro pe rty owne rs p u rch as i ng 

f l o od i n s u r ance of fe red by the NFI P, t h e  commu n i ty h a s ag r eed to 

a do pt and a dm i n i st e r l ocal fl ood p l a i n  man ageme nt me as u res ai med 

at p rotect i ng l i ve s  a n d  n ew c o n st r u ct i o n  f r om f u t u r e  f l ood i n g .  

Th e F e d e r a l  E me r ge n c y  M a n a g eme nt Age ncy ( FEMA ) ,  as pa rt of th i s  

p rogram ,  publ i sh es Fl o od I n s u r ance Rat e  M a p s  ( Re fe re n ce 1 ) . I n  

c om m u n i t i e s w h e r e  a f l ood map has bee n p u b l i sh ed ,  sect i o n  10 2 of 

t h e  Fl ood D i saste r P rotect i o n  Act of  1 97 3 , as am e n de d ,  r e q u i re s 

t h e  p u r c h a se of  f l o o d  i n s u r a n ce as  a co n d i t i o n  of  F e de r al o r 

F e d e r a l l y- r el a t e d  f i n a n c i a l  a s s i s t a n c e  f o r  a c q u i s i t i o n  o r  

con st ru ct i o n  of b u i l d i n gs i n  speci al f l ood h aza rd a re a s ,  as shown 

on the FIRMs . The act al s o  req u i res l ocal  Gove rnments t o  f u r n i s h 

th e fol l ow i ng :  

a .  Co p i es of l an d  u se and cont rol meas u r es , 

b .  Map s i denti fy i n g  ju r i sd i ct io n al l i m its and f l o od pl a i n  a reas , 

c .  Est i mates of b u i l d i ngs and popu l at i o n s  i n  fl o od pl a i n s ,  

d .  A l ocal dep o s i t o ry whe re fl ood- i n s u r ance and f l ood-h aza rd map s 

w i l l  be  ava i l abl e fo r p u b l i c  i n spect i o n ,  a n d  

e .  A s umma ry of the commu n i ty ' s h i st ory of f l ood i ng .  
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VI . EVALUATION OF PROPOSED IMPROVEMENTS 

T h i s  c h a p t e r i s  d i v i d e d  i n t o  t w o  p a rt s .  T h e  f i rst p a rt p rov i de s  a 

descr i pt i on of each i mp rovement, as soci ated benef it s ,  costs , a n d  be nef it-to­

c o s t  r at i o s . P r e l i m i na ry cost esti mates for t h e  p roposed i mp rovements a r e  

i n  A p pend i x  B .  T h e  second port i o n  o f  the c h ap te r d i s c u s se s  i n t a n g i b l e o r  

n o n -monet a ry ben ef its a n d  shows the res u l ts of a n o n -moneta ry val ue an al ys i s  

' J  o f  t h e  proposed i mp roveme nts . 

! 

T h e  a l te r n at i v e s  d i s c u s se d  i n  th i s  chapter a re i ndepende nt of each oth e r .  

E ac h  al te r n at i ve i s  t ec h n i c a l l y  fe a s i b l e  a n d  w o u l d n o t  r e q u i r e  t h e  

c o n st r u ct i o n  of anot h e r  i mp roveme nt to p rod uce t h e  benef its and benef it-cost 

rat i o  ass oc i ated w i th  th e al te rnati ve . 

A .  DE SCRI PTIONS OF ALTERNATIVE I MPROVEMENTS AND BENEFIT-COST ANAL YSES 

1 .  Alternative 1 - D i ve r t  Fl ows f rom Pl aya 23 to Yel l owhou s e  Canyo n -

100- Year Des i gn 

The 1 00-ye a r  des i gn fl ood woul d be  ca r r i ed f rom Pl a y a  L a k e  23  at 

t h e  s o u t h  s i de of Loo p 289 al ong t h e  H i g hway Department r i g ht-of­

way between t h e  east bou n d  l an e  a n d  south f ro ntage road . The f l ow 

w o u l d e x i t  ju s t  w es t  o f  Loo p 28 9 ' s  i n t e rsect i o n  w i t h  Southe ast 

D r i v e ,  a n d  cross u nde rn eath the S l aton H i ghway and Atc h i son To peka 

and S anta Fe ( AT&S F )  Ra i l road to empty i nto th e Yel l owhou s e  Canyo n 

( See F i g u r e  V I -1 ) . 

T h e  f l o w  w o u l d be  ca r r i e d  by two 72" d i amete r rei n fo rced conc rete 

p i p e s .  T h e  t ot al  l e n g t h  of p i p e w o u l d be a b o u t  3 0 , 00 0  fe e t . 

F l o o d s l a r g e r t h an a 1 0 0 -y e a r  f l ood woul d spl i t ,  w i th some fl ow 

di ve rted th rough the doubl e 72" p i pe s ,  and t h e  rema i n de r  p as s i n g 

o n  d o w n st r e am t o  P l ay a L a ke 1 9 . T h e  d i v e rs i o n  of t h e  1 00-ye ar 

f l ood woul d p rod u ce l owe r pl aya l ake wate r s u rface el eva t i o n s  a n d  

r e d u ce d  o v e rf l ow s  fo r Pl aya Lakes 23 , 19 , 2 0 ,  a n d  2 1 .  Tabl e V I - 1  

comp a r e s  t h e  p ro p o s e d  a n d  b a s e l i n e  co n d i t i o n s  w a t e r s u r f a c e  

el evat i o ns fo r Pl aya Lakes 23 , 1 9 ,  20 , a n d  2 1 .  

V I - 1  



The be nef i t s  of  Al te r n at i v e  1 w o u l d tot a l  $4 6 1 , 3 2 0 i n  a v e r a ge 

a n n ual  damages red u ced . The est imated con struct i o n  cost i s  $1 2 . 2 1  

m i l l i on . Ove r a f i fty ( 5 0 )  yea r p roj ect l i fe ,  the ave ra g e  a n n u a l  

c o s t s  w o u l d be $1 . 07 m i l l i o n , y i el d i ng a benef i t-to-cost rat io of 

0 . 43 to 1 . 0 .  

TABLE VI-1 

SYSTEM E-1 
COMPARISON OF PLAYA LAKE WATER SURFACE ELEVATIONS 

ALTERNATIVE 1 
BASELINE CONDITIONS VS . DIVERT 100 YEAR FLOOD FROM PLAYA LAKE 2 3  TO YELLOWHOUSE CANYON 

10 YEAR 
ELEVATION (FT . )  

5 0  YEAR 
ELEVATION ( FT . )  

100 YEAR 
ELEVATION ( FT . )  

5 0 0  YEAR 
ELEVATION (FT . )  

: __________ ..:,. _ _ _ _ _ _ _ _ _ _ _ _  : - - ---------------------- : ------------------ ----- : -----------------

: BASE . 
PLAYA # :  COND . 

PROP . DIFF . : BASE . 
DIV .  (FT . ) : COND . 

PROP . DIFF . : BASE . 
DIV . (FT . ) : COND . 

PROP . DIFF . : BASE . 
DIV. (FT . )  : COND . 

P ROP . DIFF . 
D IV.  (FT . )  

- ---- - -------- - - - - ----------- - - --------------- - -- --- -------- -------- - - ------- ---- ------------ - - - - - - - - - - ..... -----------------------

SYSTEM E-1 :  
2 3  

1 9  

2 0  

2 1  

: 32 2 2 . 7  3 2 1 9 . 7  :-3 . 0 0  32 2 3 . 4  32 2 1 . 2  -2 . 2 0 3 2 2 3 . 9  3 2 2 2 . 0  -1 . 90 3 2 2 4 . 8  3 2 2 4 . 1  - 0 . 7 0  

: 32 1 4 . 8  3 2 1 4 . 5  : -0 . 3 0  3 2 1 5 . 9  3 2 1 5 . 1  -0 . 80 3 2 1 6 . 6  3 2 1 5 . 3  - 1 . 30 3 2 17 . 8  3 2 1 6 . 8  -1 . 00 

: 32 1 2 . 8  3 2 1 2 . 7  : -0 . 10 3 2 1 4 . 0  3 2 1 3 . 5  -0 . 50 · 3 2 1 4 . 3  32 1 3 . 8  -0 . 50 3 2 1 5 . 0  3 2 1 4 . 4  -0 . 60 

: 3202 . 1  3 1 9 9 . 4  : - 2 . 7 0  3 2 0 8 . 6  3 2 0 2 . 2  -6 . 4 0  3 2 0 9 . 1  3203 . 5  -5 . 6 0 3 2 0 9 . 8  3 2 0 8 . 2  - 1 . 60 

2 .  Al ternati ve 2 - D i ve rt Fl ow s f rom Pl aya 23 to Yel l ow h o u se Canyon -

10-Yea r Des i gn 

The 10-yea r des i gn fl ood woul d be ca r r i e d  f rom Pl aya Lake 23 al o ng 

the same route as desc r i b e d  a b ove fo r t h e  1 0 0 - ye a r  d e s i g n ( S ee 

F i g u re V I - U . 

The fl ow wou l d be ca r r i e d  by one 60" d i amete r re i nforce d conc rete 

p i p e ,  w i th  the tot al  p i pe l e n gt h  e q u al to that of the 100-yea r 

des i gn .  For fl ood s l a r ge r t h a n  a 1 0 - ye a r  f re q u e n c y , s ome fl ow 

w o u l d be  d i ve rted th rough the 60" p i pe ,  wh i l e  the rem a i n de r  woul d 

fl ow dow n st ream to Pl aya Lake 19 . T h e  d i v e r s i o n of  t h e  1 0- ye a r  

f l o o d  w o u l d p rodu ce l owe r p l aya l ake wate r s u rface e l evat i on s  a n d  

V I-2 
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red uce d ove rfl ow s fo r Pl aya lakes 23 , 1 9 , 20 , a n d  2 1 . H o w ev e r ,  

t h e  m a g n i t u de of t h o se red u ct i o n s  w o u l d  be s m a l l e r than  those 

a c h i e v e d  w i t h t h e  1 0 0-y e a r  d e s i g n . T a b l e V I -2 c o m p a r e s  t h e  

p ro p o s ed a n d  b a s e l i n e co n d i t i o n s  w at e r  s u r f a ce e l e vat i on s  fo r 

Pl aya Lakes 23 , 19 , 20,  and  2 1 .  

The be ne f i t s of Al tern at i ve 2 wou l d be $3 61 , 240 i n  red uced ave rage 

an n ua l  damage s . The est i mated con struct i on cost i s  $5 . 9 1 m i l l i on . 

O v e r a f i f t y  ( 5 0 )  yea r p roj ect l i fe ,  t h e a v e r a g e  a n n u a l  costs 

wo ul d- be $5 1 8 , 100, y i e l d i n g a b e n e f i t-to-cost rat i o  of 0 . 7 0 to 

1 .  0 .  

TABLE VI-2 

SYSTEM E-1 
COMPARISON OF PLAYA LAKE WATER SURFACE ELEVATIONS 

ALTERNATIVE 2 
BASELINE CONDITIONS VS . DIVERT 10 YEAR FLOOD FROM PLAYA LAKE 23 TO YELLOWHOUSE CANYON 

10 YEAR 
ELEVATION ( FT . )  

5 0  YEAR 
ELEVATION (FT . )  

100 YEAR 
ELEVATION (FT . )  

!1 0 0  YEAR 
ELEVATION ( FT . )  

: ----------------------- : ------------------------ : ------------------------- : ----·---

: BASE . 
PLAYA it :  COND . 

P ROP . DIFF . : BASE . 
DIV.  ( FT . )  : COND . 

PROP . DIFF . : BASE . 
DIV.  ( FT . )  : COND . 

PROP . DIF�� : BASE . 
DIV . ( FT . ) : COND . 

PROP . DIFF . 
D I V .  ( FT . )  

SYSTEM E-1 : 
23  

1 9  

20 

21  

: 32 2 2 . 7  3 2  2 1 . 0  : -1 . 7 0  32 2 3 . 4  3 2 2 2 . 7  -0 . 7 0  3 2 2 3 . 9  3 2 2 3 . 6  -0 . 30 3 2 2 4 . 8  3 2 2 4 . 6  -0 . 2 0  

: 32 1 4 . 8  3 2 1 4 . 5  : -0 . 30 3 2 1 5 . 9  3 2 1 5 . 1  -0 . 80 3 2 1 6 . 6  3 2 1 6 . 0  -0 . 60 3 2 1 7 . 8  3 2 1 7 . 5  -0 . 30 

: 32 1 2 . 8  3 2 1 2 . 7  : -0 . 10 3 2 1 4 . 0  3 2 1 3 . 5  -0 . 50 3 2 14 . 3  3 2 1 4 . 0  -0 . 3 0  3 2 1 5 . 0  3 2 1 4 . 8  -0 . 20 

: 3202 . 1  3 1 9 9 . 4  :-2 . 7 0  3 2 0 8 . 6  3203 . 1  -5 . 50 3 2 0 9 . 1  320 6 . 8  -2 . 3 0  3 2 0 9 . 8  3 2 0 9 . 4  -0 . 4 0  

3 .  Al ternati ve 3 - D i v e rt Fl ows f rom Pl aya 2 1  to Yel l ow house Canyon -

100-Yea r Des i gn 

The 1 00-ye a r  d e s i g n  fl o o d  wo u l d be  ca r r i e d  f rom Pl a y a  L a k e  2 1  

( Cl a p p Pa rk ) e a st a l o n g  4 2 n d  S t reet , c ro s s i n g u n de r  Southeast 

D r i ve and the AT&SF Ra i l road to em pty i nto the Yel l ow h o u s e  C a n y o n  

C see F i g u re V I -2 ) .  
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The fl ow wou l d be c a r r i e d  by two 60" d i amete r re i nforce d c o n c rete 

p i p e s . Th e t ot a l  l e n gt h  of  p i pe w o u l d be  a b o u t  2 2 , 0 0 0  fee t . 

F l o o d s l a r ge r t h a n  a 1 00 - ye a r  f l o o d  w o u l d  s p l i t ,  w i t h  f l o w  

d i v e rt e d  t h r o u g h _  t h e  d o u b l e 6 0 11 p i pe s ,  a n d  t h e  rest f l ow i n g 

overl and f rom Pl aya Lake 2 1  east tow a rd s  Southeast D r i v e  a n d  t he n  

s o u t he a st t ow a rd s  t h e  i n te r s e ct i o n  o f  �oo p 2 8 9  a n d  S o u t h e a st 

D r i v e . Th i s  a l tern at i ve wou l d rem ove the st r u c t u re s  f l o o d e d  by  

P l a y a  La k e  21  f rom the f l o od p l a i n .  The p roposed p i pe al i gnment 

woul d al l ow th e p i pe to c ross und e r n e a t h  t h e  p ro p o s e d  d e p r e s s e d 

i n t e r s e c t i o n o f  I H - 2 7  a n d  4 2 n d  St ree t . A c om p a r i s o n  of  t h e  

p ro posed an d b a s e l i n e c o n d i t i o n s  w ate r s u r f a ce e l e v a t i o n s  fo r 

Pl aya Lake 2 1  i s  shown i n  Tabl e VI-3 . 

Th e bene f i t s  o f  A l t e r n a t i v e  3 w o u l d tot a l  $4 8 2 , 1 60 i n  re d uc e d  

a v e r a ge a n n ual  damages . The est imated con stru ct i o n  cost i s  $6 . 67 

m i l l i on .  Ove r a f i fty ( 5 0 )  year p ro ject l i fe ave rage annual  costs 

wo u l d  be $5 8 4 , 4 0 0 ,  y i e l d i n g a b e n e f i t -to-cost rat i o  of 0 . 83 to 

1 . 0 .  

TABLE VI-3 

SYSTEM E-1 
COMPARISON OF PLAYA LAKE WATER SURFACE ELEVAT IONS 

ALTERNATIVE 3 
BASELINE CONDITIONS VS . DIVERT 1 0 0  YEAR FLOOD FROM

.
PLAYA LAKE 2 1  TO YELLOWHOUSE CANYON 

10 YEAR 
ELEVAT ION ( FT . )  

50 YEAR 
ELEVATION ( FT . )  

100 YEAR 
ELEVATION ( FT . )  

500 YEAR 
ELEVATION ( FT . )  

-- --------------------- : -------------- ----------- : ------------------------- : ------------------------ -

: BASE. 
PLAYA #: COND . 

PROP . D I FF . : BASE . 
O I V .  ( FT . )  : COND . 

PROP . DIFF . : BASE . 
DIV. ( FT . ) : COND . 

PROP . DIFF . : BASE. 
DIV. ( FT . )  : COND . 

PROP . DIFF . : 
D I V .  ( FT . )  : 

------------- - - - - - ------ -------- - - - - - - - - - - --------------------------------- ----- -------------------

SYSTEM E-1 : 
21 : 3 202 . 1  : 3 1 9 5 . 6  : - 6 . 5 0 : 3 2 0 8 . 6  : 3197 . 7  : - 1 0 . 9  : 3 2 09 . 1  : 3 1 9 9 . 6  : -9 . 5 0 : 3 2 0 9 . 8  : 3 2 0 7 . 7  : -2 . 10 : 

4 .  Al ternative 4 - D i vert Fl ows f rom Pl aya 2 1  to Yel l owh o u se Canyon -

1 0- Yea r Des i gn 

T h e  1 0- ye a r  d e s i g n f l o o d  w o u l d b e  ca r r i e d  out of  Pl aya L ake 2 1  

a l o ng the same route as descr i bed a bove f o r  t h e  1 0 0 - ye a r  de s i g n 

( see F i g u re V I -2 ) .  
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The fl ow woul d be ca r r i e d  by one 3 6" d i amete r re i n fo rce d conc rete 

p i pe ,  w i t h  the t o t a l  p i pe l e n gt h  e q u al t o  that of the 100-yea r 

des i gn .  Fo r fl ood s l a rge r than a 10-year f requency , Pl aya Lake 21 

w o u l d h a v e s l i g h t l y l o w e r p o o l  e l e v a t i o n s  t h a n b a s e l i n e 

cond i t i on s ,  b ut woul d s t 1 1 1  o v e r f l ow o n  t h e  1 00 - y e a r f l o o d  a n d  

fl ow ove rl a nd to the i n te rsect ion of L oop 289 a n d  Southeast Dr i ve .  

A compa r i son of pro po s e d  a n d  b a s e l i ne c o n d i t i o n s  w ate r s u r fa ce 

el evat i on s  for Pl aya �aka 2 1  i s  shown i n  Tabl e V I -4 . 

The be nef i t s  of  Al ternat i ve 4 wou l d be $3 60 , 4 10 i n  red uced ave rage 

a n n u a l  d am ages .  The esti mated con struct i o n  cost i s  $2 . 6  m i l l i o n . 

Ove r a f i fty ( 5 0 )  yea r  p roj ect l i fe ,  ave rage a n n ual cost wo u l d b e  

$228 , 20 0 ,  y i el d i ng a benef i t-to-cost rat i o  of 1 . 5 8  t o  1 . 0 .  

TABLE VI-4 

SYSTEM E-1 
COMPARISON Of PLAYA LAKE WATER SURfACE ELEVATIONS 

ALTERNATIVE 4 
BASELINE CONDITIONS VS . DIVERT 10 YEAR FLOOD FROM PLAYA LAKE 2 1  TO YELLOWHOUSE CANYON 

10 YEAR 
ELEVATION (fT . )  

50 YEAR 
ELEVATION ( FT . )  

100 YEAR 
ELEVATION ( FT . )  

500 YEAR 
EtEVATION (FT . )  

: -- --------------- ! ------------------------- : ------------------------- : ---------------
: BASE . 

PLAYA # :  COND . 
PROP . DIFF . : BASE . 
DIV.  ( FT . ) : COND . 

PROP . D I FF . : BASE . 
DIV . ( FT . ) : COND . 

PROP . DIFF . : BASE . 
DIV . (FT . ) : COND . 

PROP . DIFF . 
DIV. ( FT . )  

_ .,.  _ _ ___ ____ _ _ _ ______ ___ lliiiii _ M  _____ _______ ..__ .__._ .. ___ _ _ __ _______ ____ __ ________ �--- ------ 1110..-.---..-.------ ----- --- --------

SYSTEM E-1 : 
2 1  : 3 2 0 2 . 1  : 3 1 9 7 . 8  : -4 . 30 : 3 2 0 8 . 6  : 3 2 0 7 . 2  : -1 . 4 0 : 3 2 0 9 . 1  : 3 2 0 8 . 8  : -0 . 3 0 : 3 2 0 9 . 8  : 3 2 0 9 . 7  : -0 . 10 : 

5 .  Al ternative 5 - Storm D ra i n System Pl aya L'ak e s  3 1 ,  2 7 ,  2 6 ,  25 , & 

24 - 10- Yea r Des i gn 

Th i s  p ro posed i mp rovement wou l d c reate a fl ood control system that 

w o u l d p reve n t  P l a y a  L a k e s  3 1 ,  27,  26, 25 , a n d  24 f rom i nc u rr i ng 

d amages for the 1 0-year fl ood , w h i l e  red uc i n g  ove rf l ow d i sch a r g e s  

V I -S 



PLAYA 41 

and pl aya l ake pool el evati ons fo r h i g her  frequ ency fl ood s .  Tabl e 

VI-5 compa res the base l i n e co n d i t i o n s  p l aya l a ke w a te r s u r f a ce 

e l e v a t i o n s w i t h t h o s e  t h at wo u l d re s u l t  f rom t h i s p ro p o s e d  

i m p rovement . Th e p l an v i ew of the p roposed i m p roveme n t  i s  s h o w n  

o n  Sheet s 7 - 1 6 ,  i n  Ap pe nd i x  A .  

TABLE VI-5 

SYSTEM E - 1  
COMPARI SON OF PLAYA L A K E  WATER SURFACE ELEVATIONS 

ALTERNATIVE 5 
BASEL I N E  CONDITIONS VS . PROPOSED 1 0-YEAR STORM SEWER SYSTEM FOR PLAYAS 3 1 , 3 7 , 2 6 , 2 5 , & 2 4  

1 0  YEAR 50 YEAR 1 0 0  YEAR 5 0 0  YEAR 

ELEVATION ( F'T . )  ELEVATION ( FT . )  ELEVATION ( FT . )  ELEVATION ( FT . )  

-- - --- --- ------ -- - : ------------ - -- : -------- --------- : --- - - ------ - -- -- - - - : 

BAS . PROP . D IFF . : BAS . PROP . DIFF . : BAS . PROP . DIFF . : BAS . PROP . DIFF . : 

COND . COND . ( FT . )  : COND . COND . ( FT . ) : COND . CON D .  ( FT . ) : COND . COND . (FT . )  : 

- - - -- - - -- - - - - -- - - - -- -- - -- - ----- - -- - --- - - - - - - - - -- - - - - - ------- - - - - - - - - ---- - -- - - - - - - - - - -- -- --- - -- - - �� - --�- - -

S Y STEM E - 1 : 
3 1  : 3 2 5 4 . 6  

2 7  : 3 2 3 8 . 1  

2 6  : 3 2 3 1 . 8  

2 5  : 3 2 2 7 . 4  

2 4  : 3 2 2 7 . 8  

3 2 5 3 . 8  : -0 . 8 0 3 2 5 5 . 0  3 2 5 4 . 7  -0 . 3 0 3 2 5 5 . 4  3 2 5 5 . 2  -0 . 2 0  3 2 5 6 . 0  3 2 5 5 . 9  -0 . 1 0 

3 2 3 6 . 3  : - 1 . 8 0 3 2 3 9 . 0  3 2 3 7 . 6  - 1 . 4 0 3 2 3 9 . 2  3 2 3 8 . 1  - 1 . 1 0 3 2 4 0 . 0  3 2 3 9 . 1  -0 . 9 0 

3 2 3 0 . 3  : - 1 . 5 0 3 2 3 2 . 8  3 2 3 2 . 0  -0 . 8 0 3 2 3 3 . 3  3 2 3 2 . 7  -0 . 6 0 3 2 3 4 . 4  3 2 3 3 . 3  - 1 . 1 0 

3 2 2 7 . 2  : -0 . 2 0 3 2 2 8 . 2  3 2 2 8 . 0  -0 . 2 0 3 2 2 8 . 5  3 2 2 8 . 3  -0 . 2 0 3 2 2 9 . 1  3 2 2 8 . 6  - 0 . 5 0 

3 2 2 7 . 2  : - 0 . 6 0 3 2 2 8 . 2  3 2 2 8 . 0  -0 . 2 0 3 2 2 8 . 3  3 2 2 8 . 3  0 . 0 0  3 2 2 8 . 8  3 2 2 8 . 6  -0 . 2 0 

The Al ternat i ve 5 i mp roveme nts woul d start at Pl aya Lake 3 1  ( S heet 

7 ) ,  w i th  a 48" d i amete r re i nfo rced conc rete p i pe con nect i ng Pl aya 

L akes 3 1  an d 2 7 . A 1 2 1 x 6 1  c o n c rete bo x s e w e r  wo u l d c o n n e ct 

P l a y a  L a k e s  27 a n d  26 ( Sheets 9-12 ) .  The ove rf l ow for Pl aya L ake 

26 ( L e roy El mo re Pa rk ) woul d be mod i f i e d  by  p l a c i n g  tw o 5 1  x 4 1  
co nc rete b o x  c u l ve rts at both the n o rth and south frontage roads 

of Loop 289 ( S heet 12 ) .  Th ese boxes wo u l d be pl ace d in  a l i g n m e n t  

w i th t h e  e xi s t i n g bo xes u n de r t h e  L o o p  2 8 9  m a i n  l a n e s , w h o s e  

fl ow l i nes wo ul d b e  l ow e r e d  b y  2 . 0  feet . T h e  1 2  - 24 11 c o n c rete 

p i pes at the n o rth and south front age roa d s  wo u l d rema i n  in p l ace . 

T h e  f r o n t a g e roa d s  w o u l d ma i n ta i n th e i r p re s e n t  to p - o f - r o a d  

E• l e vat i o n s . The ch annel  between L oop 28 9 and Pl aya L ake 25 wou l d 

be deepened by 1 . 0  to 1 . 5 feet ( Sheets 12- 13 ) t o  accomm o d ate the 

i m p roveme n t s  a t  L o o p  28 9 .  Two 6011 d i amete r re i nfo rced con c rete 
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p i pes woul d connect Pl aya L1akes 25 and  24, w i t h maj o r  excav a t i o n 

to occ u r  i n  Pl aya L a k e  24 ( S h eets 12 a n d  13 ) to accommodate the 

i nc reased vol ume of wate r mov i ng between the pl aya l akes ca use d  by 

the i m p rovements .  Th e c ut s l opes for excavat ion o f  Pl aya Lake 24 

wou l d be 4H : 1V ,  i n  confl i ct w i th the C i ty ' s  s ub d i v i s i on o rd i n a n ce 

r e q u i r i ng exca v a t e d  s l o p e s  n o  steepe r than 7H : 1V .  Howeve r ,  the 

4H : 1V s i desl ope is necessa ry to accommod ate t h e  i nc re a s e d  v o l ume 

to Pl aya Lake 24 u n de r  th i s  p roposed i mp rovemen t . 

Th e be ne f i t s  of Al te rnati ve 5 wo ul d be $7 1 , 5 20 i n  red uce d  ave r a g e  

an n ual damage s .  The est i mated con struct ion  cost i s  $3 . 49 m i l l ion . 

Ove r a fi fty ( 5 0 )  yea r  p roj ect l i fe ,  ave rage a n n ua l  costs wo u l d be 

$3 05 , 700 ,  y i el d i ng a be nef it-to-cost rat io  of 0 . 23 to 1 . 0 . 

6 .  Al ternative 6 - Storm D rai n System Pl aya Ua k e s  1 9 ,  2 0 ,  and  2 1  -

10-Yea r Des i gn 

Th i s  p roposed imp roveme nt wou l d create a fl ood con t rol system that 

w o u l d  p reve n t  P l a y a  L a k e s  1 9 ,  20, a n d  2 1  f rom i nc u rr i ng damages 

for  the 10- yea r fl o o d , w h i l e  re d u c i n g  o v e r f l ow d i s c h a rge s  a n d  

p l a y a  l a k e  p o o l  e l e va t i o n s  f o r  h i g h e r  f r equency fl ood s .  Ta bl e 

V I -6 shows a compa r i son of the ba sel i n e a n d  p ro p o s e d  co n d i t i o n s  

pl aya l ake wate r s u rface e l evat ions for th i s  p roposed imp rovement .  

The pl an v iew sch emat i c  of the p r o p o s e d  i m p r o v eme n t  i s  s h ow n on 

Sheets 18-2 1 ,  i n  Ap pe n d i x  A .  

TABLE: VI-6 

SYSTEM E-1 
COMPARISON OF PLAYA LAKE: WATER SURFACE: ELEVATIONS 

ALTERNATIVE: 6 

BASELINE: CONDITIONS VS . PROPOSED 10-YE:AR STORM DRAIN SYSTEM FOR PLAYAS 1 9 , 2 0 1 & 2 1  

1 0  YEAR 
ELEVATION (FT . )  

50 YEAR 
ELEVATION (FT . )  

100 YEAR 
ELEVATION ( FT . )  

5 0 0  YEAR 
ELEVATION ( FT . )  

; -------- ----------- : ---------- ---------- : -------------------------- : ----------------------------
: BASE . 

PLAYA 11 :  COND . 
PROP . DIFF . : BASE: . 
COND . (FT . )  ; COND . 

PROP . DIFF . : BASE . 
COND . (FT . )  : COND . 

PROP . DIFF . : BASE . 
COND . ( FT . )  : COND . 

PROP . DIFF . 
COND . (FT . )  

- - -- --��-- -,_·- - --=-- -- -�-- - - ---- - - - - - -- -- -- - - � -- - - - ----- -- - - -------- -- --- ------ - - - -- ----- - -------, - -

SYSTEM E:- 1 :  
1 9  : 3 2 1 4 . 8  3 2 1 0 . 5  -4 . 3 0 3 2 1 5 . 9  3 2 1 5 . 4  -0 . 5 0 3 2 1 6 . 6  3 2 1 6 . 2  - 0 . 4 0  3 2 17 . 8  3 2 1 7 . 6  -0 . 2 0 

20 3 2 12 . 8  3 2 0 8 . 1  -4 . 7 0  3 2 1 4 . 0  3 2 1 0 . 0  -4 . 0 0  3 2 1 4 . 3  3 2 12 . 8  -1 . 50 3 2 1 5 . 0  3 2 1 4 . 2  -0 . 8 0  

2 1  3 2 0 2 . 1  3 1 9 9 . 3  -2 . 80 3 2 0 8 . 6  3208 . 2  -0 . 4 0  3 2 0 9 . 1  3 2 0 9 . 1  

V I-:7 

0 . 0 0 3 2 0 9 . 8  3 2 0 9 . 5  -0 . 30 



T h e  i m p rov e m e n t s  w o u l d s t a r t  at P l a y a  L a k e  1 9  w i t h  m a j o r  

excavation of the l ake to p rov i de i nc reased f l ood sto rage capac i ty 

( S heet 18 ) .  Pl aya lake 19 woul d then be con n e cte d to Pl a y a  L a k e  

2 1  ( S h e e t s  1 8 -2 1 )  b y  a 4 8" d i a mete r re i n fo r ced c o n c rete p i pe .  

P l a y a  L a k e  2 0  ( S h ee t  1 8 ) ,  w o u l d al s o  b e  e x c a v a t e d f o r  f l o o d  

storage capa c i ty ,  a n d  wo u l d  be connected to Pl aya L ake 2 1  by a 4 8" 

d i ameter rei nforced co nc rete p i p e .  T h e  4 8 "  l i n e betw ee n Pl a y a  

Ca k e s  19  a n d  2 1 ,  a n d  t h e  4 8 " l i n e  b e t w e e n  Pl aya L ake 2 0  a n d  2 1  

woul d not b e  connected together,  to prevent b a c k f l ow i nto P l a y a  

L a k e  2 0  t h at m i g ht occ u r  f r om t h e  p i p e c o n n e ct i n g 1 9  a n d  2 1 .  

P l a y a  L a k e  2 1  i t s e l f ,  w o u l d be exc a v ate d ( S h eet s 2 0 - 2 1 ) ,  t o  

accanmodate the i nc re ased vol ume of wate r f rom both 4 811 1 i nes . 

T h e  b e n e f i t s  o f  A l te r n at i v e 6 w o u l d b e  $ 2 3 2 , 8 0 0 i n  re d u c e d  

d a m a ge s .  The est i mated con s tru ct ion cost i s  $3 . 62 m i l l i o n .  Ove r 

a fi fty ( 5 0 ) ye a r  p roj ect l i fe , a v e r a g e  a n n u a l  c o s t s  w o u l d b e  

$3 17 , 300,  y i el d i ng a benef it-to-cost rat i o  o f  0 . 73 t o  1 . 0 . 

7 .  Al ternative 7 - Fl ood Cont rol Pl an  fo r Pl aya Lake 37 

The a re a  s u rrou n d i ng Pl aya L ake 37  ( B i l l McAl i ste r Pa rk ) ,  in w e st 

L ub bock , i s  exp e r ienci ng rap i d  devel opment . C i ty conceptu a l  pl ans 

s h ow a p o s s i b l e  t h o roughfa re al i gnment that wo u l d cros s L oop 289 

at the c u r rent ove rfl ow po i nt of Pl aya L a k e  3 7 , a n d  exte n d  i n to 

B i l l McAl i ste r Pa r k . The L oop 289 m a i n  l anes a re p roposed to be 

redes i gned as an ove rpass at the i ntersect i o n  w i t h t h e  p ro p o s e d  

t h o r o u gh f a re .  The p ropo sed tho roughfa re al i gnment woul d c reate a 

s u b s t a n t i a l l y  l a r g e r  o v e r f l o w  o p e n i n g t h a n  t h e  c u r r e n t  

co nf i g u rat io n .  

A n  a n a l y s i s w a s  ma d e  to d e te rm i ne t h e  h y d r o l o g i c  e f f e c t  o f  

c re a t i n g a l a r ge r ove r f l ow o p e n i n g fo r Pl aya L ake 3 7  b asE�<' u pon 

the p ro po s e d  1 1 0 - f oot r i g h t -of-way t h o ro u g h f a re . The l a rge r 

o p e n i n g  r e s u l t e d  i n  a s u b st a n t i al i n c re a se i n  peak o u t f l ow 

d i sch arge from Pl aya Lake 37 . F i g u re V I -3 shows the compa ri son of 

both b a s e l i n e a n d  p ro p o s e d  co n d i t i on s  o u t f l ow h y d rographs fo r 

V I -8 
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Pl aya L ake 3 7 .  The peak 1 00-year di sch arge i nc r eases d r amati cal l y  

f rom 21 0 c f s  t o  1 05 0 cfs ( +5 00% ) .  Tab l es V I -7 and  VI-8 show the 

res ul t i n g  i nc reases in  peak outf l ow and w ate r s u r face el e v a t i o n s  

fo r System E - 1  d u e t o  t h e  i n c reased outfl ow f rom Pl aya Lake 3 7 .  

T h e  down stream System E 1  p l a y a  l a k e  o u t f l ow d i s c h a r g e s  fo r t h e  

1 0 0 -yea r f l o o d  w o u l d i n c r e a s e  a n  ave rage o f  137 % .  Th e 10 0-yea r 

wat e r  s u r face el evat i o n s  i n  the pl aya l akes w o u l d a v e rage a l m o s t  

0 . 7 - fe e t  h i gh e r  t h a n  the b asel i n e  con d i t i on s .  Th e 100-yea r peak 

d i s c h a rge a n d w at e r s u r face el evat i o n  f o r P l a y a L a k e  27 i s  

u n a f fected by t h e  p roposed o pe n i ng becau se the peak fl ow i s  f rom 

l ocal ru nof f wh ich occu rs befo re the sp i l l  of Pl aya Lake 37 . 

T h e  r es u l t s  of the a bove an al ys i s  show t h at th e exi st i ng .loop 289 

o v e r f l ow c o n f i g u r at i o n  f o r t h e  P l a y a L a k e 3 7  s e r v e s  a s  a n  

e f f e c t i v e f l o o d  c o n t r o l / d e t
_
e n t i o n

. 
o u

_
t l e t  s t r u ct u r e . A ny 

e n l a rg e m e n t  o f  t h e  o v e r f l o w  o p e n i n g ,  s u e �  a s  t h e  p r o p o s e d  

t h o r o u g h f a r e ,  w i t h o u t  d o w n s t r e a m i m p r o v e m e n t s ,  w o u l d b e  

d e t r i me ntal  t o  t h e  r e s t  o f
. 

S y s t e m  E - 1 , c a u s i n g  i n c r e a s e d 

d i s cha r g e s , wate r-s u r face el evat ion s ,  and d amages . Th erefo r e ,  i t  

i s  recomme nded that the City l eave t h e  restr i ct i o n i n  p l ace . I n  

a d d i t i o n , a n y  m o d i f i ca t i o n s  t o  Loo p 289 that woul d i ncrease the 

out f l ow from P l a y a  L a k e  37  s h o u l d b e  o f f set b y  i n c r eas i n g t h e  

storage capac i ty o f  th e l ake . 

F i gu r e  V I -4 i s  an examp l e of the type of excavat i on that w o u l d b e  

n ec es sa ry i f  t h e  p ro p o s ed t h o rou g h f a r e  w e re b u i l t . The f i g u re 

show s an excavat i o n  pl an t h at woul d e n c om p a s s  a l most t h e  e nt i re 

p a rk a re a .  T h e  p l a n  c al l s  fo r excavat i ng f rom el evat i o n  3 265 . 0  

down t o  3 240 . 0 .  The total excavat i o n  amo u nt w o u l d b e  abo u t  4 . 1  

m i l l i o n  c u b i c  ya r d s  of mate r i al . The p roposed excavat ion p l an for 

Pl aya L ake 3 7  w a s  m o d e l l ed h y d rol o g i c a l l y ,  u s i n g t h e  b a s el i n e 

c o n d i t i o n  2- i n c h  ru n of f  c r i te r i a  t o  e st a b l i sh a sta rt i ng wate r 

s u rface el e v a t i o n .  T h e  r e s u l t s  s h ow t h at t h e  exca vat i o n  p l a n  

c om p  1 etel  y c o nt a i n s  th e 100-yea r fl ood w i thout ove rfl ow . Tab l es 

V I-9 and V I - 1 0  s h ow t h e  e f fe c t s  of t h e  e x c a v a t i o n  p l a n  on t h e  

d o w n st r e am p l a y a  l a k e s . Cont a i n i ng t h e  100-yea r fl ood a t  Pl ay a 
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TABLE VI-7 

SYSTEM E-1 
COMPARISON OF D ISCHARGES 

BASELINE COND ITIONS VS . PROPOSED OPENING OF PLAYA LAKE 3 7  

10 YEAR 
DISCHARGE (CFS) 

5 0  YEAR 
DI SCHARGE (CFS ) 

100 YEAR 
DISCHARGE (CFS) 

500 YEAR 
DISCHARGE (CFS) 

: -- - - -- - --------- - : - - ----------------- : ------------------------- : - ---------- ---- : 

: BASE . : P ROP . : % : BASE. : PROP . : % : BASE . : PROP . : % : BASE . : PROP . : % 
PLAYA Jl :  COND . : OPEN . : DIFF. : COND . : OPEN. : DIFF . : COND . : OPEN . : DIFF . : COND . : OPEN . : DIFF . : 

SYSTEM E- 1 : 

3 9  650 650 0 9 8 0 980 0 1050 1050 0 1350 1350 0 

37 100 280 18 0 170 7 50 3 4 1  2 10 1050 400 400 1550 288 

3 1 

2 7  

2 6  
2 5  

2 4  

2 3  

1 9  

2 0  

2 1  

120 3 1 0  158 2 8 0  BOO 186 540 1100 104 980 1 650 6 8  

4 5 0  4 3 0  -4 960 900 -6 1 1 50 1150 0 1700 1750 3 

150 300 100 500 860 7 2  7 7 0  1 1 5 0  4 9  1 3 5 0  1 650 22 

1 1 0  2 4 0  1 1 8  3 9 0  880 1 2 6  670 1200 79 1400 1750 25 

60 1 1 0  83 3 2 0  BBO 1 7 5  5 4 0  1200 122 1250 1750 40 

50 80 60 250 7 4 0  1 9 6  4 7 0  1100 134 9 60 1700 77 

3 0  60 10 0 1 90 640 237 400 990 148 910 1650 8 1  

4 0  50 25 180 6 3 0  2 5 0  3 9 0  980 151 920 1 650 79 

0 0 0 60 BO 33 1 5 0  4 3 0  1 8 7  4 7 0  1350 187 

NOTE S :  1 .  1988 HYDROLOGIC MODEL WAS RUN WITH 2 "  RUNOFF I N  PLAYA LAKES 3 9 , 3 7 ,  AND 2 5 .  ALL 
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN ON CITY TOPOGRAPHIC MAPS 
FOR STARTING CONDITIONS . 

2 .  "PROP . OPEN . "  COND ITIONS BASED ON REVISED RATING FOR PLAYA 3 7 ,  WITH A 110' WIDE 
OPENING CORRESPONDING TO PROPOSED STREET R . O . W .  AT PRESENT OVERFLOW ELEVATION . 
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TABLE VI-8 

SYSTEM E-1 
COMPARISON OF PLAYA LAKE WATER SURFACE ELEVATIONS 

BASELINE CONDITIONS VS . PROPOSED OPENING OF PLAYA LAKE 3 7  

1 0  YEAR 
ELEVATION ( FT .  ) 

50 YEAR 
ELEVATION ( FT . )  

1 0 0  YEAR 
ELEVATION ( FT . )  

500 YEAR 
ELEVATION ( FT . )  

: ---------- ----- : ---------·---------- : -------------------- : ---------------- : 

: BASE . PROP . DIFF . : BASE . 
PLAYA # :  COND . OPEN . (FT . )  : COND . 

PROP . 
OPEN . 

DIFF . : BASE . 
(FT . )  : COND . 

PROP . 
OPEN . 

DIFF . : BASE . 
( FT . )  : COND . 

PROP . 
OPEN . 

DIFF . : 
(FT . )  : 

SYSTEM E-1 : 
39 : 3 2 68 . 8  

37 : 3 2 65 . 5  

31  : 3254 . 6  

2 7  : 32 38 . 1  

2 6  : 32 3 1 . 8  

2 5  : 32 2 7 . 4  

2 4  : 3 2 2 7 . 8  

23  : 32 2 2 . 7  

19  : 32 14 . 8  

2 0  : 32 1 2 . 8  

2 1  : 32 0 2 ; 1  

NOTES : 

3 2 6 8 . 8  : 0 . 00 3 2 6 9 . 0  3 2 6 9 . 0  o . oo 
3 2 65 . 2  : -0 . 30 32 6 6 . 7  3 2 6 5 . 9  -0 . 80 

3 2 5 5 . 0  0 . 4 0  3255 . 0  3255 . 7  0 . 70 

3 2 3 8 . 1  0 . 00 32 3 9 . 0  3 2 3 8 . 9  -0 . 10 

3 2 3 2 . 5  0 . 70 3 2 3 2 . 8  3 2 33 . 5  0 . 7 0  

3 2 2 7 . 9  0 . 50 3 2 2 8 . 2  3 2 2 8 . 8  0 . 60 

3 2 2 7 . 9  0 . 10 3 2 2 8 . 2  3 2 2 8 . 5  0 . 30 

3 2 2 2 . 9  0 . 2 0  3 2 2 3 . 4  3 2 2 4 . 4  1 . 00 

3 2 1 5 . 1  0 . 30 3 2 1 5 . 9  3 2 1 7 . 2  1 . 30 

32 1 3 . 1  0 . 30 3 2 1 4 . 0  3 2 1 4 . 6  0 . 60 

3 2 0 2 . 2  0 . 10 3208 . 6  320 8 . 8  0 . 20 

32 6 9 . 0  3 2 6 9 . 0  

3 2 67 . 4  3 2 6 6 . 3  

3255 . 4  3 2 5 6 . 1  

3 2 3 9 . 2  3 2 3 9 . 2  

3 2 3 3 . 3  3 2 3 4 . 0  

3 2 2 8 . 5  3 2 2 9 . 0  

3 2 2 8 . 3  32 2 8 . 7  

3 2 2 3 . 9  3 2 2 5 . 0  

3 2 1 6 . 6  3 2 1 8 . 0  

3 2 1 4 . 3  3 2 1 5 . 1  

3 2 0 9 . 1  3 2 0 9 . 8  

0 . 00 

- 1 . 10 

0 . 7 0  

0 . 00 

0 . 70 

0 . 50 

0 . 4 0 

1 . 10 

1 . 4 0  

0 . 80 

0 . 70 

3 2 6 9 . 1  3 2 6 9 . 1  0 . 00 

3 2 6 8 . 5  3 2 6 7 . 1  - 1 . 4 0  

325 6 . 0  3 25 6 . 7 ': 0 . 70 

3 2 4 0 . 0  3 2 4 0 . 0  0 . 00 

3 2 3 4 . 4  3 2 35 . 2  0 . 80 

3 2 2 9 . 1  3 2 2 9 . 3  0 . 2 0  

32 2 8 . 8  322 9 . 1  0 . 30 

3224 . 8  3 2 2 5 . 9  1 . 10 

3 2 1 7 . 8  3 2 1 9 . 1  1 . 30 

3 2 1 5 . 0  32 1 6 . 1  1 . 10 

3 2 0 9 . 8  3 2 1 1 . 2  1 . 4 0 

1 .  1 9 8 8  HYDROLOGIC MODEL WAS RUN WITH 2" RUNOFF IN PLAYA LAKES 3 9 , 37 ,  AND 2 5 .  ALL 
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN ON CITY TOPOGRAPHIC MAPS 
FOR STARTING CONDITIONS . 

2 .  "PROP . OPEN . "  CONDITIONS BASED ON REVISED RATING FOR PLAYA 37 , WITH A 1 1 0 '  WIDE 
OPENING CORRESPONDING TO PROPOSED STREET R . O . W .  AT PRESENT OVERFLOW ELEVATION • 

VI-11  



TABLE VI-9 

SYSTEM E-1 
COMPARISON OF DISCHARGES 

ALTERNATIVE 7 
BASELINE CONDITIONS VS . PROPOSED EXCAVATION OF PLAYA LAKE 37 

10 YEAR 
DISCHARGE (CFS) 

50 YEAR 
DISCHARGE (CFS) 

100 YEAR 
DISCHARGE (CFS) 

500 YEAR 
D ISCHARGE (CFS) 

: -·-·--- - - - - - - - - - - - ,--- : - - - ---�----·- - - ·- : --------- - ·- - - - - - - - - - - - - : --------------- : 
: BAS E .  : PROP . : % : BASE . : PROP . : % : BASE . : PROP . : % : BASE . : PROP . : % 

PLAYA it :  COND . : EXCAV . : DIFF . : COND . : EXCAV . : DIFF . : COND . : EXCAV. : DIFF . : COND . : EXCAV . : DIFF . : 

SYSTEM E-1 : 
3 9  650 

37 1 0 0  

3 1  1 2 0  

2 7  4.50 

26  150 

25 1 1 0  

24  60 

23  50 

19 30 

20 40 

21 0 

650 

0 

50 

4 3 0  

1 3 0  

2 0  

0 

30 

30 

30 

0 

0 980 980 

-100 1 7 0  0 

-58 2 8 0  2 9 0  

- 4  9 6 0  900 

-13 500 SOD 
,.., 

-82 390 320 

-100 320 180 

-40 250 1 4 0  

0 1 9 0  1 1 0  

- 2 5  1 8 0  1 2 0  

0 60 0 

0 1050 1050 0 1350 1350 0 

-100 2 1 0  0 - 1 0 0  4 0 0  0 -100 

540 540 0 980 980 0 

-6 1 1 50 1 1 5 0  0 1700 1700 0 

0 7 7 0  7 7 0  0 1350 1350 0 

-18 6 7 0  6 5 0  - 3  1 4 00 1400 0 

-44 540 4 4 0  - 1 9  1 2 50 1250 0 

- 4 4  4 7 0  3 6 0  -23 960 920 -4 

-42 400 300 -25 9 10 840 -8 

-33 3 90 300 -23 920 850 -8 

-100 150 0 -100 470 2 50 -4 7  

NOTES : 1 .  1 9 8 8  HYDROLOGIC MODEL WAS RUN WITH 2 "  RUNOFF IN PLAYA LAKES 3 9 , 3 7 ,  AND 2 5 .  ALL 
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN ON CITY TOPOGRAPHIC MAPS 
FOR STARTING CONDITIONS . 

2 .  "PROP . EXCAV . "  CONDITIONS BASED ON REVISED RATING FOR PLAYA LAKE 37 , NO OUTFLOW FROM 
PLAYA LAKE 37 UP TO 500 YEAR FLOOD, DUE TO EXCAVATION OF ADDITIONAL STORAGE . 
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TABLE VI-10 

SYSTEM E-1 
COMPARISON OF P LAYA LAKE WATER SURFACE ELEVATIONS 

ALTERNATIVE 7 
BASELINE CONDITIONS VS . PROPOSED EXCAVATION OF PLAYA LAKE 37 

1 0  YEAR 
ELEVATION ( FT . )  

5 0  YEAR 
ELEVATION ( FT . )  

100 YEAR 
ELEVATION (FT . )  

500 YEAR 
ELEVATION ( FT . )  

: ----------------- : ------------------------ : _ _ , ________________ _ _ __ _ _ _  : -------------------- : 
: BASE . 

PLAYA # :  COND . 

SYSTEM E-1 : 

39 : 3268 . 6  

37 : 32 65 . 5  

3 1  : 32 5 4 . 6  

27  : 32 3 8 . 1  

26  : 32 3 1 . 8  

25  : 3227 . 4  

24 : 32 2 7 . 8  

2 3  : 32 2 2 . 7  

1 9  : 32 1 4 . 8  

20 : 32 1 2 . 8  

2 1  : 3202 . 1  

NOTES : 

PROP . DIFF . : BASE . 
EXCAV . (FT . )  : COND . 

3 2 66 . 8  : o .oo 326 9 . 0  

3 2 5 1 . 8  : - 1 3 . 7  3 2 6 6 . 7  

3 2 5 4 . 3  : -0 . 30 3255 . 0  

3 2 3 8 . 1  : 0 . 00 3239 . 0  

3 2 3 1 . 7  : -0 . 10 3232 . 8  

3 2 2 7 . 1  : -0 . 30 3228 . 2  

3 2 2 2 . 0  : -5 . 80 3228 . 2  

3 2 2 2 . 5  : -0 . 20 32 2 3 . 4  

3 2 1 4 . 8  : 0 . 00 3 2 1 5 . 9  

3 2 1 2 . 7  : -0 . 10 3 2 1 4 . 0  

3 1 9 9 . 8  : -2 . 30 3208 . 6  

PROP . 
EXCAV . 

3 2 6 9 . 0  

3 2 5 5 . 3  

3 2 5 5 . 0  

3 2 3 8 . 9  

3232 . 8  

3 2 2 8 . 1  

3 2 2 8 . 1  

3 2 2 3 . 1  

32 1 5 . 4  

3 2 1 3 . 8  

3204 . 9  

DIFF . : BASE . 
( FT . ) : COND . 

0 . 00 3 2 6 9 . 0  

- 1 1 . 4  3 2 67 . 4  

0 . 00 3 2 5 5 . 4  

-0 . 10 3 2 3 9 . 2  

0 . 00 3 2 33 . 3  

-0 . 1 0  3 2 2 8 . 5  

-0 . 10 3 2 2 8 . 3  

-0 . 30 3 2 2 3 . 9  

-0 . 5 0  3 2 1 6 . 6  

-0 . 2 0  3 2 14 . 3  

-3 . 7 0 3 2 0 9 . 1  

PROP . 
EXCAV . 

3 2 6 9 . 0  

3257 . 3  

3 2 5 5 . 4  

3 2 3 9 . 2  

3 2 3 3 . 3  

3 22 8 . 5  

3 2 2 8 . 2  

3 2 2 3 . 7  

3 2 1 6 . 3  

3 2 1 4 . 1  

3207 . 3  

DIFF . : BASE . 
(FT . ) : COND . 

0 . 00 3 2 6 9 . 1  

-10 . 1  3 2 6 8 . 5  

0 . 00 3 25 6 . 0  

0 . 00 3 2 4 0 . 0  

o . oo 3 2 3 4 . 4  

o . oo 3 2 2 9 . 1  

-0 . 10 32 2 8 . 8  

-0 . 2 0  3 2 2 4 . 8  

-0 . 3 0  3 2 1 7 . 8  

-0 . 20 3 2 15 . 0  

- 1 . 80 3209 . 8  

PROP . 
EXCAV. 

3 2 6 9 . 1  

3 2 6 1 . 5  

3 2 5 6 . 0  

32 4 0 . 0  

3234 . 4  

32 2 9 . 1  

3 22 8 . 8  

3 2 2 4 . 7  

3 2 1 7 . 6  

3 2 1 4 . 9  

3209 . 3  

1 .  1 9 8 8  HYDROLOGIC MODEL WAS RUN WITH 2 "  RUNOFF IN PLAYA LAKES 3 9 , 3 7 ,  AND 2 5 .  ALL 
REMAINING PLAYA LAKES USED WATER SURFACE ELEVATION SHOWN ON CITY TOPOGRAPHIC MAPS 
FOR STARTING CONDITIONS . 

DIFF . : 
(FT . )  : 

0 . 00 

-7 .00 

0 . 00 

0 . 00 

0 . 00 

0 . 00 

0 . 00 

-0 . 10 

-0 . 2 0  

-0 . 10 

-0 . 50 

2 .  "PROP . EXCAV . "  CONDITIONS BASED ON REVISED RATING FOR P LAYA LAKE 37 , NO OUTFLOW FROM 
PLAYA LAKE 37 UP TO 500 YEAR FLOOD, DUE TO EXCAVATION OF ADDITIONAL STORAGE . 
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L ake 37  wou l d dec rease down st ream 1 00-ye a r  o u t f l ow d is ch a r g e s  a n  

ave r a ge o f  2 9% ,  a n d  l owe r 1 0 0 -y e a r wate r s u rface el evat i o n s  an 

ave rage of 0 . 3 -feet . 

The anal ys i s  of the excavat i o n  pl an assumes that i n  the futu r e  the 

pl aya l ake w o u l d h a ve a n o rm a l  p o o l  e l e vat i o n  co r re s po n d i n g  t o  

2 - i n c h es o f  ru nof f fo r a fut u r e-fu l l y  u rban i zed wate rsh ed , a s  was 

ass umed in  b asel i ne con d i t ion s .  A ft e r a f l o o d  even t ,  t h e p l ay a 

l a ke wo u l d d r a i n b a c k  to n o rm a l  p o o l  v i a  t h e  s ame grou ndwate r 

recha rge a n d  e v a p o r a t i o n  mech a n i sm s  af fect i n g t h e  o t h e r  p l a y a  

l akes . 

T h e  b e n e f i t s  o f  t h e  exca v a t i o n  p l a n  ( A l t e r n at i ve 7 )  w o u l d b e  

$28 4 , 80 0  i n  r e d u ced d am a g e s  d own s t re am o f  P l ay a L a ke 3 7 .  Th e 

e s t i mated c o n st r u ct i o n  c o s t s  w o u l d b e  $7 . 2 6  m i l l i o n .  A n n u a l  

o p e rat i o n  a n d  ma i nte n a nce co s t s  w o ul d be $1 1 ,00 0 .  Ove r a f i fty 

( 5 0 )  ye ar  p roj ect l i fe , ave rage a n n u a l  c o s t s  w o u l d b e  $6 3 6 , 4 0 0 ,  

y i el d i ng a ben ef i t-to-cost rat i o  o f  0 . 44 t o  1 . 0 .  

8 .  Al ternat i ves 8 .  9a . and 9b - Low e r  Normal Pool o f  Pl aya L a k e s  fo r 

Ad d i t ional  Stor age 

The creat i o n  of add i t i onal storag e  capac i ty fo r the pl aya l akes i n  

S y s t em E - 1  w o u l d l owe r th ei r n o rmal pool el evat ions and i ncrease 

the fl ood vol umes reta i n ed b y  t h e  p l ay a l a k e s . The a d d i t i o n a l  

sto r age c a p a c i ty w o u l d r ed u ce p l aya l a ke fl ood i ng and ove rfl ow 

fl ood i ng betw een pl ay a l akes . 

A n  a n a l y s i s w a s  p r e p a red t o  e v al u ate the ef fect s  that i nc r eased 

sto r age c a p a c i ty w o u l d h a v e  o n  S y s t e m  E - 1  f l o o d i n g .  Th e 

a d d i t i o n a l  s t o r a g e  f o r  e ac h  p l ay a l a k e  wo u l d b e  obt a i n e d  by  

l owe r i ng th e pl aya l ak e ' s  normal pool el evat i o n . C i ty topogra ph i c  

m a p s w e re u se d  t o  t a k e  c ro s s - s ect i o n s  ac ross each pl aya l ake i n  

System E- 1 ,  and the bank sl o p es we re extrap o l a t ed b e l ow t h e  l a k e  

w a t e r s u r f a c e  e l e v a t i o n t o  e s t i mate p l a y a  l ak e  de p t h s . T h e  

major i ty of th e pl aya l akes were ass umed t o  b e  10-feet de e p , w i t h  

VI-14 



' ' 

' ) 

. ' 

·-· 

n o  p l a y a l a k e  e s t i m a t e d  d e ep e r  t h a n  1 1 - fe et . T h e  ava i l a b l e 

stor age bel ow th e pl aya l akes ' n ormal wate r s u rface was c al c u l ated 

a n d  a d d e d  in the System E-1 hyd rol og i c  model to each pl aya l ake ' s  

b asel i ne co n d i t io n s  e l eva t i o n-storage-d i scha rge c u rve . 

The hyd rol og ic model was then exec uted fo r th ree sce na r i o s :  

1 )  1 0 0% D r aw d o w n : Th e e n t i r e  e s t i mated d e p t h  ( m ax i m u m  

1 1 . 0 - f e e t ) b e l o w  t h e  p l a y a l a k e s  w a t e r s u r f a c e  

el evat ions coul d be u sed fo r ad d i t ion al storage . 

2 )  SO% D r aw d ow n : Onl y h al f of t h e  esti mated depth cou l d b e  

u sed . 

3 )  25% D r aw d ow n : O n l y one q u a rter of the est i mated depth 

coul d be u sed . 

The co r res pond i ng water s u r face el evati o ns and  ove rfl ow � i sch a rges 

f o r  t h e  t h ree s ce n a r i o s  w e r e  u s ed to c omp ute a v e r a g e  an n u a l 

d am a g e s  f o r  e ac h  sce n a r i o .  F i g u r e V I -5 g r ap h i c a l l y  shows the 

r ed u ct io n  in ave r age an n u al d amages co r r e s p o n d i n g to t h e  t h re e  

l ev e l s o f  d r aw dow n . T h e  g r ap h  s h o w s  s i g n i f i ca n t r ed uct i o n  i n  

d amages i f  th e 1 0 0% d r aw d ow n  s ce n a r i o  c o u l d b e  re al i z e d .  Th e 

r e d u ct i o n  i n  d a m a g e s  shown i f  F i gu r e  VI-S i s  conti ngent upon the 

act u al storage avai l ab l e  bel ow the pl aya l akes c u r rent n o rmal pool 

e l e v at i o n a n d  t h e  t ec h n i c a l  fe as i b i l i.ty of l ow e r i ng the normal 

p o ol l evel s .  

T h e  p ro p o s e d  d r aw d ow n s  c ou l d b e  accom p l i sh e d  b y  two d i ffe rent 

method s : 

1 )  P um p i n g f rom t h e  g ro u n d w at e r  t ab l e a l o n g  Loop 289 to 

l owe r g rou n dwate r el evat ions and i ncrease recha rge rates 

for the nea rby pl aya l akes ( See Al te rn ati ve 8 )  • 
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2 )  Construct a g r a v i ty o u tf a l l / l i ft stat i o n  com b i n at i o n  

t h a t  w o u l d h el p  d ra i n  th e l akes ove r  an exte n ded pe r i od 

of t i me  ( See Al ternat i ve 9a and 9b ) .  

a .  Al ternati ve 8 - G rou n dwate r Pump i ng 

Pum p i ng f rom the grou ndw ater tab l e al o ng Loop 289 w o u l d h el p 

reve r s e  t h e  t re n d  of r i s i n g g r ou n d wate r el evat ions  i n  th e 

stu dy a re a .  The stab i l i zat i o n  a n d  eve n t u a l  l owe r i n g of t h e  

g rou n d w at e r tabl e d ue t o  p ump i ng woul d i ncre ase the recha rge 

rates of n earby p l a y a  l a k e s , l ow e r  p l ay a l a ke n o rm a l  p o o l  

e l e v a t i o n s  a n d  c r e ate ad d i t i o n al st o r a g e  c a p a c i ty .  T h e 

proces s  of l ow e r i ng g rou ndwater el evati ons by pump i n g i n  t h e  

stu d y  a re a  w o u l d be  a l o ng o n e ,  t ak i ng a t  l e ast one yea r  to 

reac h  eq u i l i b r i um and prod uce any not i ceabl e ch anges in pl ay a 

l a ke w at e r s u r f a ce e l e v at i o n s .  A fte r a f l o o d  eve n t ,  th e 

pl ay a l akes woul d d r a i n  v i a  enhanced grou ndwater rech arge a n d  

evap o rat i o n . 

One p ro posed p um p i ng conf i g u rat i o n  w o u l d c o n s i st of e l e v e n  

200 g a l l o n pe r m i n ut e  ( g pm ) w el l s  a s  shown i n  F i g u re V I -6 . 

The wel l s  wou l d be spaced at one-qu a rter m i l e i nterv a l s ,  a n d  

wel l d e p t h s w o u l d r e a c h  d ow n  t o  the bottom of the aqu i fe r .  

The water p um ped f rom the wel l s  wou l d b e  p i ped to t h e  C i ty ' s  

g r o u n d  l e v e l  s t o r a g e  t a n k  a t  Mem ph i s  a n d  8 2 n d  St r e e t . 

Prev i o u s prel i m i n a ry i n v e st i g at i o n s  ( Re fe r e n c e  1 1 )  o f  th e 

g ro u n d w ate r q u al i ty i n  the s outhe rn port ion of the C i ty h ave 

i n d i cated t h at the g ro u ndwater, w i th  some chl o r i nati o n ,  cou l d 

p o t e n t i a l l y  b e  u s e d  a s  a p o t a b l e  w a t e r s u p p l y .  T h e 

i n v e st i g at i o n s w e re b a s e d  o n  p r e l i m i n a ry tes t i n g  o f  t h e  

g rou n d w at e r ,  a n d  t h e  f u l l r a n ge o f  q u al i ty test s  we re not 

performe d . 

T h e  p u m p i n g s y s t e m  s h o w n  i n  F i g u r e V I - 6  w o u l d h a v e  a n  

est i ma t e d  c o n s t r u c t i o n  c o s t  o f  $5 0 7 , 6 0 0 ,  w i t h  a n n u a l  

o p e r at i o n  a n d  ma i n t e n a n ce c o s t s  of $4 2 , 1 00 .  The be nef i t s  
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b .  

from th i s  a l te r n a t i v e wo u l d b e  i n  t h e  f o rm o f  a d d i t i o n a l  

w ate r s u p p l i e s f o r  t h e  C i ty a n d  i n  f l o o d  con trol f rom the 

i ncrea s e d  sto r a g e  of  the p l a y a  l a k e s . The f l ood cont r o l  

b e n e f i t s f r om t h e  p um p i n g s y stem woul d be dependent on the 

u l t i mate d rawdow n s  ach i eved at e a c h  i n d i v i d u a l  p l a y a  l a ke . 

A v e r a g e a n n u a l  c o s t s  w o u l d b e  $8 6 , 60 0 .  I f  25% of t h e  

pos s i bl e d raw d ow n  w e re ach i eved i n  al l of the pl ay a l a k e s  o f  

S y stem E - 1 ,  T h e  a ve r a ge a n n u a l  benef its wo ul d be $3 4 7 , 170,  

and th i s  al ternat i ve wou l d  have a be ne f i t-to-c o st rat i o  o f  

4 . 0  to 1 . 0 .  

Al ternative 9a - Pum p/G rav ity Outfa l l Com b i nat i o n w i t h  Tota l 

of 14 Day Drawdown . 

An  al te rn at i ve to the pump i ng system wou l d be a p um p / g r a v i t y  

o u t f a l l c omb i nat i o n  that wou l d d ra i n  most of the l akes a fte r 

a fl ood event and c a rry the l a k e  v ol u m e s  d ow n  L o o p  2 8 9  to 

Y e l l ow h o u se C a n yo n . A pos s i bl e  p um p/grav i ty outfal l system 

i s  show n i n  F i g u re V I -7 .  

T h e  p u m p / g r a v i ty o u t f a l l  sy stem w o u l d co n s i st o f  a ma i n  

g r av i ty o u t f a l l t ru n k l i n e  exte n d i n g f r om j u st w e s t  o f  

F r an k f o rd Ro a d  a l o n g  S p u r  3 2 7  e a s t  a l o n g  to L o o p  289 a n d  

Southe ast D r i ve .  The t r u n k  l i ne wo u l d b e  a 60- i nch d i a mete r 

re i n f o rc e d  c o n c rete p i pe .  E a c h  p l a y a  l a ke i n  System E - 1 ,  

excl u d i ng P l aya 2 1  ( Cl ap p  Pa r k ) ,  w o u l d h a ve a p um p  stat i o n  

a n d  p re s s u re l i ne ty i ng i nto the g rav i ty outfal l .  F o r  Cl app 

Pa rk , �he e x i s t i n g p u m p s  w o u l d be u s e d  t o  a c h i e v e  t h e  

d raw down  i n  Pl aya L'ake 2 1 . 

The pum p / g rav i ty outfal l sys tem d e s i g n  a s s u m e s , a s  a wo rst 

case , that al l the p l aya l akes in  System E-1  wou l d  be ful l up 

to the i r outfl ow el evat i o n .  The p um p i ng woul d be done in  two 

s t a g e s . T h e  f i r s t  stage , c o n s i st i ng of the p umps at P l aya 

Lakes 3 1 ,  2 7 ,  2 6 ,  25 , 24 , 23 , 19 , 20 , and 2 1 ,  a n d  the sec o n d  

st age con s i st i ng of the p ump s at Pl aya L ake 3 7 .  The maj o r i ty 

V I -17 



of t h e  p l ay a l a k e s  w o u l d b e  d r a i n ed i n  7 d a y s ,  a n d  b o t h  

p ump i ng st ages woul d be compl eted i n  14 d ays o r  l es s .  

The p um p/ g r av ity outfal l sys tem s h ow n  i n  F i g u re V I -7 w o u l d 

h av e  a n  e s t i mated const ruct ion cost of $1 1 . 3 0  m i l l i o n .  Ove r 

a fi fty ( 5 0 )  yea r  p roj ect l i fe ,  ave rage a n n ual  costs woul d be  

$9 9 0 , 5 0 0 ,  e x c l u d i ng p owe r and  ma inte n ance costs to ope rate 

t h e  p um p  s y s tem . T h e  b e n e f i t s  f rom t h e  s y s t em wo u l d b e  

$5 8 1 , 7 6 0  i n  th e form of red u ced ave rage ann u al damages . Th e 

be nef it-t o-cost rat i o  woul d be 0 . 5 9  to 1 . 0 .  

c .  Al ternat i ve 9b - Pump/Grav i ty Outfal l Con b i nat ion w i t h  Tot al 

of 28 Day D rawdown 

The p um p / g r av i t y  o u t f a l l d e s i g n is dep e nde nt u po n  the t i me 

f r ame s p e c i f i e d fo r d r a i n i n g d ow n  t h e  p l a y a  l a k e s : t h e  

l o nge r t h e  t i me f r ame al l ow e d , t h e  s m a l l e r t h e  p um ps and 

t ru nk  l i n e .  For e x am p l e ,  A l t e r n a t i v e 9b w o u l d 
.
ext e n d  t h e  

a v e r ag e  t i me per i od for drai n i ng a pl ay a l ake from 7 days to 

14 day s ,  the t ru n k  l i ne s i ze woul d be red u ced f rom a 6 0 - i n c h  

d i amete r t o  a 4 8- i nch  d i amete r  conc ret e  p i pe .  The req u i red 

p um p  s i z es s h ow n · i n  F i g u r e V I -7 w o u l d b e  r e d u c e d  �Y a n  

a v e r a g e  o f  5 0% .  T h e  p um p i n g  w o u l d s t i l l  b e  d o n e  i n  t w o  

st ages , w i th th e maj or i ty o f  t h e  p l aya l akes be i ng d r a i n e d  i n  

14 days , and  both stages be i ng compl eted i n  28 d ay s .  

Fo r th e 1 4  d ay d r a i n  t i me p e r i o d  ( A l t e r n a t i v e  9 b ) ,  t h e  

p u m p / g r a v i t y o u t f a l l s y s t e m  w o u l d h a v e  a n  e s t i m a t e d  

constru ct i o n  cost o f  $8 . 5 8  m i l l i o n .  Ove r a f i f t y  ( 5 0 )  y e a r 

p r oj ect l i fe ,  a v e rage a n n u a l  c o s t s  w o u l d be $75 1 , 6 90 ,  n ot 

i ncl u d i ng an n u al p owe r and m a i nte n a n c e  c o s t s  o f  t h e  p um p s .  

The be nef it s from the system woul d be  $5 81 ,7 60 i n  the fo rm of 

red u ced ave r age an n u al damag e s . T h e  be n ef i t -t o -c o s t  r a t i o  

woul d be  0 . 7 7  t o  1 . 0 .  
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An esti mated $2 . 5 1 m i l l i on co u l d be  s a v e d  by exte n d i n g the 

d ra i n  t i me pe r i od for a p l aya l ake f rom 7 to 14 days , i . e .  by 

i mpl eme ntat i on of Al ternat i v e  9 b . H o w ev e r ,  i t  i s  u n l i ke l y 

t h a t  a f u rt h e r e xten s i o n  of  t h e  d r a i n  t i me w o u l d  p rod uce 

s i g n i fi cant red uct i o n s  i n  co n s t r uc t i o n cos t s ,  b e c a u s e  the 

p um p i n g r a tes n e cessa ry to red u ce t h e  s i ze of th e grav i ty 

outfa l l t r u nk l i ne wo u l d mo re t h a n  d o u b l e t h e  1 4  d a y  d ra i n 

t i me pe r i od . 

B .  NON-MONETARY OR INTANG IBL E BENEFITS 

E a c h  p l a n  p ro p o s e d  i n  th i s  Chapte r woul d ,  i f  impl emente d ,  have e i ther 

immed i ate or  fut u re e f f ec t s  on  the c i t i z e n s a n d  e n v i ro n m e n t  of t h e  

South L ubbock Pl aya Lake sy stems . A n  attem pt h a s  been made to eval uate 

each p l an to dete rm i ne i ts i ntan gi bl e ( no n -moneta ry ) val ue . 

A m a t r i x  h as been  dev i sed to rate the p roposed pl a n s ,  i n  terms of fou r 

d i f f i c u l t-to-q u a n t i f y  c a t e g o r i e s of e n v i ro nme n t a l  a n d  i n t a n g i b l e  

factors that have been a s se s sed for each al te r n at i ve : 

1 . Deg ree of Safe ty f rom Fl ood i ng ,  

2 .  Env i ronme nta l Qual i ty ,  

3 .  Ne i ghborhood E n h ancemen t ,  and 

4 .  Aesthet i c s . 

The fi rst category , Deg ree of Sa fety f r om F l o o d i n g ,  e n com p a s s e s  e a c h  

p l an ' s ef fect i veness i n  p revent i n g  l oss of l i fe a n d  m i n im i z i ng p rope rty 

damage . Some fa ctors co n s i de red fo r thi s category are : ( 1 )  R e d u c t i o n 

i n  t h e  n u m b e r  o f  b u i l d i n g s  t h at w i l l be  d a maged by f l o o d s ;  ( 2 )  

D e v e l o p m e n t  of  l a n d  u s e s  t h a t  a r e  com p at i b l e w i t h  f l o o d i n g ;  ( 3 ) 

R e c l a ma t i o n  of l a n d  f r om t h e  f l ood p l a i n ;  a n d  ( 4 )  Red uct i o n  of f l ood 

haza rds al ong the roa d s  affected by the pl aya d ra i n age system . 
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T h e  s e c o n d  cate g o ry ,  E n v i r o n m e n t a l  Qu a l i ty ,  i n c l u d e s  e a c h  p l an ' s  

phys i cal and chem i cal ef fects on the l a n d  a n d  w a te r ,  o n  t h e  b i ota o r  

t h e  n at u r a l  h a b i t a t s , a n d  t h e  d i ve rs i ty of l i fe fo rm s .  Factors that 

h ave bee n eval uated u n de r  th i s  catego ry i ncl u de :  ( 1 )  I nc rea ses i n  t h e  

p o p u l at i o n s  o f  fl o ra ;  ( 2 )  I n c reases i n  the pop u l at i on s  o f  fa una ; a n d  

( 3 ) I nc re ases i n  th e extent o f  t h e  natu ral h a b ita t .  

T h e  t h i r d c a t e g o r y , N e i g h b o r h o o d  E n h a n c e m e n t , f o c u s e s  o n  t h e  

i mp rovemen t of n e i g h b o r h o o d  l i v a b i l i ty a n d  t h e  w e l l - b e i n g o f  l o c a l  

r e s i d e n t s . Factors that h ave been cons i de red u n d e r  th i s  category a re : 

( 1 )  Imp rovement of ne i gh bo r ho od and commu n i ty p r i d e ;  ( 2 )  P r ov i s i o n  o f  

i n d i v i d u a l  and fam i l y peace o f  m i nd through red uct i on o f  t h e  th reat of 

f l o o d i n g ;  a n d  ( 3 ) P r o v i s i o n o f  n e w o r  i m p r o v e d  r e c r e a t i o n a l  

opportu n i t ies . 

The fou rth  category ,  Aesthet i c s ,  me a s u re s  e a c h  p l a n ' s  e f fect on t h e  

a p p e a r a n ce o f  th e w a te r ,  l a nd , b i ota , and ne i gh bo r hood . F i ve facto rs 

a re i ncl uded i n  th i s  catego ry :  ( 1 )  Re d u ct i o n  i n  w ate r tu r b i d i ty a n d  

al gal g rowth ; ( 2 )  P rese rvat ion of open space a re a s ;  ( 3 ) Pre se rvat ion of 

natu ral pl ayas ; ( 4 ) P rese rvat i on of b i ota ; a n d  ( 5 ) Be a u t i f i c at i o n of 

n e i g h bo r ho od d ue to ad ded o pen space .  

The mat r i x  s h o w n i n  T a b l e V I - 1 1  o f f e r s  a c o n v e n i e n t  m e a n s  o f  

cal c u l at i ng the re l ati ve me r its of al te rna t i ve p l an s .  Each of the fou r 

c a t e g o r i e s  of i nt a n g i b l e facto r s  i s  g i v e n  a w e i g h i n g f a c t o r ( W F ) 

c om me n s u r ate w i th i t s  i m p o rt a n ce .  Each p l an i s  then g i ven a · qual i ty 

rat i ng ( R ) ,  ran g i ng from -5 to +5 , for each catego ry ,  depend i n g on t h e  

v a l ue  of i t s  a n t i c i p a t e d  ef fect s .  A rat i ng o f  +5 i n d i cates the mo st 

favorab l e effect , w h i l e -5 i nd i cates t h e  most u n f a v o ra b l e e f fect . A 

r a t i n g o f  z e ro i n d i c a t e s  t h a t t h e  p l a n h a s  e i t h e r  n o  e f fect i n  

r e l at i o n s h i p  to t h e  s p e c i f i c  cate g o r y o r  t h a t  i t s b e n e f i t s a n d 

d r aw b a c k s  of f set e a ch o t h e r .  M ul t i pl i cat ion of the we i ght i n g facto r 

t i me s  the rat i n g y i el d s  a rat i n g  facto r ( RF )  for e a c h  p l a n ' s  re l at i v e  

val ue i n  te rms of each we i ghted category . E ach pl a n ' s  total i ntangi bl e 

val ue rat i n g i s  cal cul ated by a dd i ng i t s  fou r rat i ng factors . 
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A LTER N ATIVE 

CAT A GORY 

DEGREE OF S A FETY 
FROM F L O O D  

A. BUILDING 
B. ROADS & THOUROUGHFARES 

ENVIRONMENT A L  
Q U A L I T Y  

A. WATER 
B. LAND 
C. FLORA 
D. FAUNA 
E. NATURAL HABITAT 

-· 

NEIGHBORHOOD 
ENHANCEMENT 

A.  COMMUNITY PRIDE 
B. INDIVIDUAL PEACE OF MIND 
C. RECREATION 
D. RELOCATIONS 

A ES T H E T I C S  

A.  WATER 
B. LAND 
C. BIOTA 
D. NEIGHBORHOOD 

I N T A N G I B L E  
V A L U E  R A T IN G  

0.35 

0.25 

0.25 

D I V E R T  P L A Y A  23 
TO Y E L L OWHOUSE CANYON 

1 0 0  Y E A R  F L O O D  

o REMOVES 537 
STRUCTURES FROM THE 
100 YEAR FLOOD 
BETWEEN PLAYA 23 
AND PLAYA 21. 

o POSSIBLE POINT SOURCE 
POLLUTION PROBLEM AT 
YELLOWHOUSE CANYON. o POSSIBLE DESTRUCTION OF 
HABIT AT DUE TO LOWER 
NORMAL POOL ELEVATION 
FOR PLAYA 23. o POSSIBLE L OSS OF 
FLORA AND FAUNA. 

o ELIMINATES THREAT OF 
FLOODING FOR SOME 
BUILDINGS. o NO ADDED 
RECREATIONAL AREAS. o LOSS OF LAKE AREA 
FOR RECREATION. o NO BUILDING 
RELOCATIONS REQUIRED. 

0.15 o ENHANCES NEIGHBOR-
HOOD AESTHETICS. o MAY DEGRADE AESTHETICS 
AROUND EXISTING LAKE. 
LOSS OF " LAKESIDE" 
HOUSES. 

T A B LE V I - I I  

EN V I R O N MEN T A L A ND I N T A NGIBLE V A LUE A N A L Y S I S  

O F  T HE P L A N S  F O R  T HE S O U T H  LU B B O C K  D R A I N AGE S T U D Y  

DIVERT P L A Y  A 2 3  
R • /  

T O  YELLOWHOUSE C A N Y O N  RF• 
10 YEAR FL O O D  

2 . 5 /  
0 . 8 8  

- 1 . 7 /  
- 0 . 4 3  

--

0 . 3 /  
0 . 0 8  

0 REMOVES 335 
STRUCTURES FROM THE 
100 YEAR FLOOD 
BETWEEN PLAYA 23 
AND PLAY A 21. 

0 POSSIBLE POINT SOURCE 
POLLUTION PROBLEM AT 
YELLOWHOUSE CANYON. 0 POSSIBLE DESTRUCTION OF 
HABITAT DUE TO L OWER 
NORMAL POOL ELEVATION 
FOR PLAY A 23. 0 POSSIBLE LOSS OF 
FLORA AND F ALINA. 

o ELIMINATES THREAT OF 
FLOODING FOR SOME 
BUILDINGS. o NO ADDED 
RECREATIONAL AREAS. o LOSS OF LAKE AREA 
FOR RECREATION. o NO BUILDING 
RELOCATIONS REQUIRED. 

o ENHANCES NEIGHBOR­
HOOD AESTHETICS. o MAY DEGRADE AESTHETICS 

- 1 . 3 /  AROUND EXISTING LAKE. 
- 0 . 2 0  LOSS O F  " LAKESIDE" 

HOUSES. 

0.33 

2.2/ 
0.77 

- 1 .0/ 
-0.25 

0.2/ 
0.05 

- 1 . 2/ 
-0. 18  

0.39 

D I V E RT PLAY A 2 1  
T O  Y E L L OW H O U S E  CANYON 

100 YEAR FL O OD 

o REMOVES 476 STRUCTURES 
FROM THE 100 YEAR 
FLOOD PLAIN. o REMOVES 
ROADS FROM THE 
100 YEAR FLOOD 
PLAIN AT PLAYA 
21 AND DOWNSTREAM. 

0 POSSIBLE POINT SOURCE 
POLLUTION PROBLEM AT 
YELLOWHOUSE CANYON. 0 POSSIBLE DESTRUCTION OF 
HABIT AT DUE TO LOWER 
NORMAL POOL ELEVATION 
FOR PLAY A 23. o POSSIBLE L OSS OF 
FLORA AND FAUNA. 

0 ELIMINATES THREAT OF 
FLOODING OF BUILDINGS 
AROUND PLAY A 21. o SECURITY-LAKE WON'T 
RISE AS BEFORE. o NO ADDITIONAL 
RECREATIONAL AREAS. o NO BUILDING 
RELOCATIONS REQUIRED. 

o ENHANCES NEIGHBORHOOD 
AESTHETICS 

4 . 0/ 
1 .40 

- 0 . 8 /  
-0.2  

2 .5/ 
0.63 

0.2/ 
0.03 

1 .86 

D IVERT P L A Y A  2 1  
T O  YELLOWHOUSE CANYON 

1 0  YEAR . FL OOD 

o REMOVES 171  STRUCTURES 
FROM THE 10 YEAR 
FLOOD PLAIN AT 
PLAYA 21. 

o REMOVES ROADS 
AROUND PLAY A 21 
FROM 10 YEAR FLOOD. 

0 POSSIBLE POINT SOURCE 
POLLUTION PROBLEM AT 
YELLOWHOUSE CANYON. o POSSIBLE DESTRUCTION OF 
HA�TAT DUE TO LOWER 
NORMAL POOL ELEVATION 
FOR PLAY A 23. 0 POSSIBLE LOSS OF 
FLORA AND FAUNA. 

o ELIMINATES THREAT OF 
FLOOD�G OF BULD�GS 
AROUND PLAYA 21. o SECURITY-LAKE WON'T 
RISE AS BEFORE. o NO AOOITIONAL 
RECREATIONAL AREAS. o NO BUILDING 
RELOCATIONS REQUIRED. 

o ENHANCES NEIGHBORHOOD 
AESTHETICS 

• WF - WEIGHING FACTOR INDICATES THE RELATIVE IMPORTANCE OF THE CATEGORIES OF 
ENVIRONMENTAL AND INTANGIBLE FACTORS. 

R - RATING INDICATES EACH PLANS' EFFECT. 
RF - RATING FACTOR IS THE PRODUCT OF THE WEIGHING 
FACTOR AND THE RATING. 

VI - 2 1  

j 
I 

I 

3 . 0 /  
1 . 0 5  

-· i . 2 /  
- 0 . 3  

2 . 4 /  
0 . 6 0  

0 . 6 /  
0 . 0 9  

1 . 4 4  

I 
I ! 

PLAYA L A K E S  
31 ,27 , 2 6 ,2 5 , &  2 4 .  

10  YEAR STORM SEWER 

0 REMOVES ALL BUILDINGS 
FROM THE 10 YEAR 
FLOOD PLAIN BETWEEN 
PLAYAS 31 AND 24. 

o REMOVES ALL ROADS 
FROM THE 10 YEAR 
FLOOD PLAIN BETWEEN 
PLAY AS 31 AND 24. 

o SIGNIFICANT DESTRUCTION OF 
HABITAT FROM EXCAVATION 
OF PLAYA 24. o POSSIBLE 
DESTRUCTION OF HABIT AT DUE TO LOWER N ORMAL POOL ELEVATIONS FOR PL.L\ YA L AKES. o LOSS OF FLORA AND FAUNA. 

0 ELIMINATES THREAT OF 
10 YEAR FL OOD. 0 DESTRUCTiON Or PLAYA 
LAKE 24 AS A RECREATIONI\L AREA. 0 NO BUiLDING RELOCATIONS REQUIRED. 

o ENHANCES NEIGHBORHOOD 
AESTHETICS FOR PLAYA 
LAKES 31,27,26,& 25. o REDUCES AESTHETICS 
FOR PLAYA LAKE 24. 

3.2/ 
1 . 12  

- 1 .5/ 
- 0.38 

-0.7/ 
-0. 18  

- 0.2/ 
- 0.03 

0.53 
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T A BLE V I - I I  ( CO NT. ) 
ENV I R ONMEN T A L  AND INT ANGI B LE V A LUE ANALY S I S  

OF T HE PLANS F O R  T HE S OU T H  L U B B O C K  D R A INAGE S T U D Y  

ALTERNATIVE ® (j) @ @ 
CATAG O RY WF• 

P L A Y A  L A K E S  19,20 & 21  R•/ E X C A V A T I O N  OF R•/ PUMP GROUNDW A T E R  R•/ PUMP / GRAVITY 
1 0  YEAR STORM S E W E R  RF• P L A Y A  L A K E  37 RF• FOR ADD IT IONAL S T O R A G E  RF• OUTFALL 

0.35 0 REMOVES ALL BUILDINGS o REMOVES ALL FUTURE o REDUCED FLOODING OF o REDUCED FLOODING OF 
D E GREE OF SAFETY ADJACENT DEVELOPMENT 

F R O M  F L O O D  

A.  BUILDING 
B. ROADS & THOUROUGHFARES 

E N V I R ONMENTAL 
Q U A L I T Y  

A.  WATER 
B. LAND 
C. FLORA 
D. FAUNA 
E. NATURAL HABIT AT 

NEIGHBORH O OD 
E N H A N C EMENT 

A. COMMUNITY PRIDE 
B. INDIVIDUAL PEACE OF MIND 
C. RECREATION 
D. RELOCATIONS 

A ES T H E T I C S  

A.  WATER 
B. L AND 
C. BIOTA 
D. NEIGHBORHOOD 

I N T A N GI B L E  
V A L U E  RAT ING 

0.25 

0.25 

0.15 

FROM THE 10 YEAR 
FLOOD PLA� BETWEEN 
PLAYAS 19 AND 21. o REMOVES ALL ROADS 
FROM THE 10 YEAR 
FLOOD PLAIN BETWEEN 
PLAYAS 19 AND 21. 

o SIGNIFICANT DESTRUCTION 
OF HABIT AT FROM 
EXCAVATION OF PLAYA 
LAKES 19,20 & 21. o LOSS OF FLORA 
AND FAUNA. 

0 ELIMINATES THREAT OF 
10 YEAR FLOOD. o DESTRUCTION OF PLAYA 
LAKE 20 AS A 
RECREATIONAL AREA. o NO BUILDING 
REL OCA liONS REQUIRED. 

o ENHANCES NEIGHBORHOOD 
AESTHET�S FOR PLAYA 
LAKE 19. o REDUCES AESTHETICS 
FOR PLAYA LAKES 20 & 21. o INCREASED LAKE 
SURFACE AREA MAY 
ENHANCE AESTHETICS. 

2.8/ 
0.98 

- 1 .5/ 
- 0. 3 8  

- 1 . 2 /  
-0.30 

- 1 .0/ 
-0. 15  

0 . 15  

FROM 1 0 0  Y E A R  FLOOD 
PLAIN. o REMOVES ADJACENT ROADS 
FROM 100 YR. FLOOD PLAIN. 

o NO CONTRIBUTION 
FROM PLAYA 37 TO 
DOWNSTREAM 100 
YEAR FLOOD. 

o SIGNIFICANT DESTRUCTION 
OF HABIT AT DUE T O  
EXCAVATION. o LOSS OF FLORA 
AND FAUNA. 

o ELIMINATES THREAT OF 
FLOODING. o EXCAVATION USES MOST 
OF RECREATIONAL AREA. o NO BUILDING 
RELOCATIONS REQUIRED. 

o REDUCES AESTHETICS · OF 
ADJACENT AREA. 

• WF - WEIGHING FACTOR INDICATES THE RELATIVE IMPORTANCE OF THE CATEGORIES OF 
ENVIRONMENTAL AND INTANGIBLE FACTORS. 

3.5/ 
1 .23 

-2.0/ 
- 0. 9 0  

- 0 . 7 /  
- 0 . 1 8  

- 1 .3/ 
- 0 . 2 0  

0 . 3 5  

BUILDINGS AND ROADS 
IN THE STUDY AREA. o LONG TIME PERIODS 
BETWEEN FLOOD EVENT • 

AND PLAYA LAKE 
DRAWDOWN. 0 UNPREDICTABLE AMOUNT 
OF AVAILABLE STORAGE 
IN PLAYA LAKES. 

o CHANGES IN HABIT AT, 
FLORA, AND FAUNA DUE 
TO LOWER GROUNDWATER 
TABLE AND NORMAL POOL 
ELEV AllONS. 

0 ENHANCED COMMUNITY 
PRIDE FROM REDUCED 
FLOODING, AND 
REDUCED THREAT OF 
RISING GROUNDWATER. 0 NO RELOCATIONS 
HI:.UUIHI:.U. 

0 ENHANCED WATER SUPPLY. o ENHANCES NEIGHBORHOOD 
AESTHETICS. 0 ENHANCEMENT OF 
RECREATIONAL AREAS. 

R - RATING INDICATES EACH PLANS' EFFECT. 

1 .8/ 
0.63 

- 0 . 5 /  
- 0 . 1 3  

2.2/ 
0 . 5 5  

2 . 0 /  
0 . 3 0  

1 . 3 5  

R F  - RATING FACTOR I S  THE PRODUCT O F  T H E  WEIGHING 
FACTOR AND THE RATING. 

VI - 22 

BUILDINGS AND ROADS 
IN THE STUDY AREA. 

o CHANGES IN HABIT AT, 
FLORA, AND FAUNA DUE 
TO LOWER NORMAL POOL 
ELEVATIONS. 

o ENHANCED COMMUNITY 
PRIDE FROM REDUCED 
FLOODING. o REDUCED THREAT OF 
RISING GROUNDWATER 

o NO RELOCATIONS 
REQUIRED. 

o ENHANCES NEIGHBORHOOD 
AESTHETICS. o ENHANCEMENT OF 
RECREATIONAL AREAS. 

R • /  
R F •  

3 . 0 /  
1 . 0 5  

- 0. 7  I 
- 0 . 1 8  

2 . 2 /  
0 . 5 5  

1 . 3 /  
0 . 2 0  

1 . 6 2  

@ 
N O  A C T I O N  

o LEAVES EXISTING 
STRUCTURES IN 
100 YEAR FLOOD PLAIN. o LEAVES NUMEROUS 
ROADS IN 100 YEAR 
FLOOD PLAIN. 

0
1N UNDEVELOPED AREAS, 
MAY ALLOW REDUCTION 
IN HABITAT AND 
POPULATION OF FLORA 
AND FAUNA. 0 MAY REDUCE SPECIES 
DIVERSITY. 

o CONTINUING THREAT OF 
FLOODING. o NO ADDED 
RECREATIONAL AREAS. o NO BUILDING 
RELOCATIONS REQUIRED. o NEGATIVE PUBLIC 
NOTION THAT NOTHING 
IS BEING DONE. 

o ALLOWS CONTINUED 
DEGRADATION OF 
NEIGHBORHOOD F AGILITIES 
DUE TO FLOODING. 

R • /  
R F •  

- 3 . 3 /  
- 1 . 16  

-0.5/ 
- 0. 1 3  

- 3 . 3 /  
- 0.83 

- 1. 3 /  
- 0 . 2 0  

- 2 . 3 2  
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F o r  ex a m p l e ,  a pl an w i t h  a q u a l ity rat i ng of +3 fo r a categ o ry that i s  

con s i de red i mport an t ,  and the refor e ,  as s i gned w i th a we i gh i n g factor of 

0 . 4 ,  w i l l  rece i v e a r at i n g f acto r of + 1 . 2  f o r  t h at categ o ry . Th i s  

rat i n g f acto r refl ects both t h e  rel ati ve i mport ance of t h e  c a t e go ry t o  

the bas i n  and the speci f i c  pl an ' s  rel ati ve me rit u nde r th i s  category . 

T h e  e v a l u at i o n  of i n t a n g i b l e o r  n o n - m o n e t a r y e f f e c t s  i s  h i g h l y 

s u b j ect i ve .  T h e  v a l u e s  a s s i g n ed to the wei gh i ng f actors and to each 

al te r nat i v e ' s  q u a l i ty ra t i n g s  d e p e n d  l a rgel y u p o n  t h e  i n d i v i d u a l ' s  

v i ew p o i n t .  T h e  w e i g h i n g f ac t o rs u s e d  i n  T a b l e V I - 1 1  r e p r e s e nts a 
con s e n s u s of  th e o p i n i o n s  of s i x  s t u dy t e am membe rs w h o  a r e m o s t  
fam i l i a r w i t h  the South L u b bock D ra i n age Stu dy A rea . 

Th e s um of e ach al te r n a t i v e ' s  ra t i n g f a ct o r s ,  t h a t  i s ,  i t s  ove r a l l 

e nv i r o nm e n t a l  a n d  i n tan g i bl e val ue rat i ng ,  may be u sed to compa re the  

al te rnati ves w i th e ach othe r .  

C .  S UMMARY OF ALTERNATIVE S 

Al l b ut two of the maj o r  al tern at i ves e v a l u a t e d  i n  t h i s  c h ap t e r  h a v e  

ben ef i t-cost rat ios that a re l es s  than  1 . 0 ,  wh i ch i s  the u s u al d i v i d i n g 

p o i n t  b et w e e n  e c o n o m i c a l l y  fe a s i b l e  a n d  i n f e a s i b l e p r o j e c t s . 

Th e r e fo r e ,  o n l y two of  th o s e  p ro p o se d  a l te rnati ves can be j u st i f i ed 

s o l e l y b y  th e t a n g i b l e v a l u e  a n a l y s i s .  S e v e r a l  p l a n s  p r o v i d e 

s i g n i f i c an t  n o n q u an t i f i a b l e be nef its to res i dents of the a rea and to 

the env i ronme nt . T h ese i ntang i bl e benef i t s  a re of enough i mportance to 

t h e  C i ty of L u b bock a n d  i t s  r e s i dents that a pos i t i ve p l an of act ion  

can  be recomme nded . Th ese and other  rel evant factors are s umma r i zed l n  
Tabl e V I -1 2 .  

The recomme nd at i o n s  that fo l l ow i n  C h a p t e r V I I  h a v e  b e e n  fo rmu l ated 

a fte r c a r e f u l  con s i de rat i o n  of the e n v i ro nment al and i ntan g i b l e-val ue 

rat i ngs , as wel l as scrut i ny of the q u a n t i fi ab l e costs and b e n e f i t s  of 

th e al te rnat i ves . 
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TABLE VI-12 

SUMMARY OF ALTERNATI VES 

Techn i cal 
Average Ann ual Estimated Rel 1 ab i l ity of Intangi b l e  Pl aya Areas 

Damages Prevented Constructi on Benefit to Alternative to Val ue Ratf n g  t o  be 
M!u. Alternative DescriDtion _ ___1Beneftts1_ _ _ Cost_ [ll_ Cost _Ratio Reduce Flood 1 na (-5 to +5)[2] Benefitted [3] 
1 D i vert 100-Year Fl ood from Pl aya $461 , 320 Sl2,206, 700 0 . 43 : 1  H i gh 0 . 3 3  23 , 19,20.21 

Lake 23 to Yel l owhouse Canyon 

2 D ivert 10-Year Fl ood from Pl aya $361 , 240 s 5 , 91 0 , 5 00 0 . 70 : 1  Med f um 0 . 39 23 , 19 , 20 , 2 1  
Lake 23 t o  Yel l owhouse Canyon 

3 D f vert 100-Year Fl ood from Pl aya $482 , 160 s 6 , 666,500 0 . 83 : 1  H f g h  1 . 6"6 21 
Lake 2 1  to Yel l owhouse Canyon 

4 Divert 10-Year Fl ood from Pl aya $360 ,410 s 2 , 603 , 5 00 1 .5 8 : 1  Med f um 1 . 44 21 < Lake 2 1  to : Yel l ow house Canyon 1-1 I N 
5 10-Year Des i gn Storm Sewer System s 71, 520 s 3 , 486,900 0 . 23 : 1  Med i um 0 . 53 3 1 , 27 , 26 , 25 , 24 � 

Connect i ng Pl aya Lakes 3 1 ,  27, 26, 
25 , 24 

6 10-Year Des i gn Storm Sewer System $23 2 , 800 s 3 , 620, 000 0 . 73 : 1  Med i um 0 . 15 19 , 2 0 . 2 1  
Connect i ng Pl aya Lakes 1 9 ,  20, 2 1  

7 Excavation of Pl aya Lake 3 7  $284 , 800 s 7 , 260, 000 0 . 44 : 1  Med i um 0 . 35 37 

8 Lower System E-1 Pl aya Lakes $347, 170 s 507, 600 4 . 00 : 1  Low 1 . 35 3 1 , 27 . 26 , 25 ,24. 
Normal Pool El evati ons by Pumpi ng 23 , 19 
Groundwate r Tab l e  

9a Lower System E-1 Pl aya Lakes $58 1 , 760 Sll , 30o , s oo 0 . 59 : 1 Luw 1 . 62 Al l E-1 except 39 
Normal Pool El evations by Pump/ 
Grav ity Outfal l System 
( 7-day average dra f n  t f me )  

9b Lower System E-1 Pl aya Lakes $58 1 , 760 s 8 , 580, 000 0 . 77 : 1  Low 1 . 62 Al l E-1 except 39 
Normal Pool El eva t i ons by Pump/ 
Grav ity Outfal l System 
( 14-day average drain t f me )  

[ 1 ]  See Append i x  8 - Cost Esti mates 
[2] See Tabl e VI-1 1 for Rat f ng Deta i l s  
[ 3 ]  See F f g u re I-1 
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VII . RECOMMENDATIONS 

The rec om me n dat i on s  to red u ce f l ood i ng potenti al i n  the stu dy a rea have 

bee n sel ected based on Chap ter V ,  P l an Fo rm u l at i on ,  and Chapte r  V I ,  

Eval ua t io n  o f  P roposed Al te rnati ves . Hal f f  Assoc i ates recommends that the 

City of L u b bock co n s i de r  the fol l ow i ng al te rnat i ves fo r i mpl eme ntat i on : 

A .  ALTER NAT IVE 8 - P ump G ro u n dwate r al ong Loop  289 fo r Ad d i t ional 

Pl aya L ake Storage . 

Al ternat i ve 8 i s  the co n s t r uct i on  of a sy stem that wou l d p ump  

grou n d  wate r f rom el even  p roposed wel l s  al ong Loop  28 9 ,  to the 

c i ty g round  l evel sto r age tank at Memph i s  Ave n ue and 82nd St reet . 

Th e p um p i ng of th e el even wel l s  wo ul d create g roun dwate r d rawdown s 

that wou l d eve ntu al l y res ul t  i n  l ow e r  no rmal pool el evat i ons  fo r 

th e System E-1  p l aya l a kes l ocated al ong Loo p  28 9 .  It i s  

est i mated that it wo u l d  take a p p roxi matel y one yea r  fo r the 

effect s of th e groun dwate r  p ump i ng to i mpact th e pl aya l a ke n o rmal 

pool el evati ons . ( See Ch apte r V I  for a mo re detai l ed 

descr i pt io n ) .  

Th i s  al te rnati ve wi l l  req u i re test i ng  of the g ro u ndwate r qual ity 

to dete rm i n e  i f  th e wate r can be p umped i nto the C i ty wate r  s u p p l y 

w i th m i n i mal  treatment . The est i mated constr uct i o n  cost of the 

el eve n  wel l s  sy stem i s  $5 07 , 60 0 .  An n ual ope rat ion a n d  m a i n tenance 

cost s a re est i mated at $42, 100 .  The be ne fi t-to-cost rat i o  coul d 

re ach 4 . 0 to 1 . 0 ,  depe nd i ng u pon the actual d raw d own s ach i eved . 

Note that th i s  B/ C rat i o  does not i ncl u de the s i gn i fi cant be ne f i t  

of wate r be i ng p rov i ded t o  th e C i ty ' s  sy stem . The i nta n g i b l e 

val ue rat i n g for Al te rnati ve 8 i s  1 . 3 5 on a sca l e of -5 to +5 . 

Po s s i b l e  negat i ve i mpacts woul d be reduced wate r-rel ated 

rec reat i o n  act i v i t i e s .  
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B.  ALTERNATIVE 4 - D i ve rt 10-Yea r Fl ood f r om  Pl aya Lake 2 1  to 

Yel l owhouse Can yon 

Al ternat i ve 4 is the construct i o n  of a 36" d i amete r re i n fo rced 

conc rete p i pe g rav i ty outfal l that would d i ve rt the 10-yea r des i gn 

fl ood from Pl aya L1ake 21  to Yel l ow house Canyon . Th e g rav i ty 

outfal l system woul d remove al l structu res and roads s u r rou n d i ng 

Pl aya �ake 2 1  (Cl app Pa rk ) f rom the 10-ye a r  fl ood , and  woul d l ow e r  

f l ood el eva t ion s for h i ghe r f reque ncy f l oods .  ( See Ch apte r  VI  fo r 

a mo re deta i l ed desc r i pt i on ) .  Th e est i mated construct i on cost of 

th e 3 6" grav i ty outfal l i s  $2 , 603 , 5 0 0 .  The benef i t-to-cost rat i o  

i s  1 . 5 8  to 1 . 0 . The i ntan g i bl e val ue rat i ng fo r Al te r n at i ve 4 i s  

1 . 44 on a scal e of -5 t o  +5 . 

C .  AL;TERNATI VE 7 - Fl ood Control Pl an  Fo r Pl aya Uake 37 

The C i ty shoul d not al l ow a p roposed thorough fa re to i n te rsect 

Loop 289 ,  w i th a l a rge r ope n i n g  at the ove rfl ow po i nt fo r Pl aya 

Lake 3 7 .  Con struct ion of the t ho rough fa re ope n i ng a l ong that 

al i g nment woul d al ter the ove rfl ow con f i gu rat i on fo r Pl aya L ake 

37, i nc re as i ng d i scha rg�s and f l ood el evat ion s  down stre am .  ( See 

Chapte r  VI  for a mo re deta i l ed descr i pt i on of impacts and  poss i bl e 

imp rovements ) .  

Shou l d the pos i t i on of not al l ow i ng the tho roughfa re al i gn�ent to 

cros s Pl aya Lake 3 7 ' s  ove rfl ow po int become an unten a b l e  one,  

a d d i t i onal compensatory storage shou l d be  requ i red w i th i n Pl aya 

L ake 3 7 .  The est i mated con struct ion cost for excava t i n g  P l aya 

L1ake 37 to contai n the futu re, ful l y-urban i zed 100-year fl ood i s  

$7 , 260 , 00 0 .  Th i s  cost i s  based o n  the excavat ion of ap p roxi matel y 

4 . 1  m i l l i on cub i c  ya rds of mate r i al w i th a u n i t  p r i ce of $1 . 5 0  p e r  

c u b i c  ya rd . The benef its of t h e  excavat i on p l an a re $284 , 800 i n  

the form of red uced damages down stream f rom Pl aya L!ake 3 7 .  The 

benef it-to-cost rat i o  i s  0 . 44 to 1 . 0 , a n d  the intang i bl e  v a l ue 

rat i ng i s  0 . 35 on a sca l e of -5 to +5 . 
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Th e C i ty coul d phase the excavati on of Pl aya L'ake 37  mate r i al , 

based o n  wate rshed u rban i za t io n .  U n de r  the f i rst p h ase , the C i ty 

wo u l d need to excavate ap proxi matel y 2 . 5 6  m i l l i on cub i c  yard s of 

mate r i al i n  orde r  to conta i n  th e 100-yea r f l ood , ass um i ng that the 

Pl aya Uake 39 and 37  wate rsh eds at 5 0% u rba n i ze d . As the Pl aya 

Lake 39 and 37 wate rsh eds ap p roach 100% u rban i zat ion , the C i ty 

cou l d compl ete a f i nal  phase , excavati ng approx i mate l y  1 . 55 

m i l l ion c u b i c  ya rds to compl ete the exca vat i on p l an . 

The C i ty coul d des i gnate Pl aya L1ake 37 as a bo rrow s i te ,  al l ow i ng 

exca vat ion of f i l l mate r i al i n  sel ected a re as . By des i gnat i ng 

Pl aya Uake 37 as a bo r row s i t e ,  the C i ty cou l d ach i eve an ul t i mate 

excavat ion p l an ,  su ch as the examp l e  shown i n  F i g u re VI-4,  wh i l e  

sav i n g money on excavat i on and haul i ng cost s .  

D .  PHAS ING OF RECOMME NDED STRUCTURAL; PLANS 

The construct i o n  of these recomme nded al ter n at i ves cou l d be 

d i v i ded i nto two ph ases . The f i rst ph ase woul d i nv ol ve the 

construct i on of Al te rnat i ve 8 ,  the groundwater p ump i n g system . 

Th e second ph ase woul d i nvol ve the con struct ion of Al te rnat i ve 4 ,  

the 10-year g rav ity outfal l from Pl aya Lake 2 1  to Yel l owh ouse 

Canyon . 

I n  Ph ase I ,  the C i ty shou l d i n i t i al l y  const ruct the wel l s  i n  the 

p robl em a rea al ong Loop 289 and Pl aya L'ake 26 ( Le roy E l more Pa rk > ,  

t i e  i nto the C i ty g ro u n d  l evel storage tank , a n d  then a d d  the 

rema i n i n g wel l s  to th e system as fu n d i ng becomes a v a i l a b l e .  

Th e construct i o n  of the 10-year g rav ity outfa l l i n  Phase I I  wou l d 

h ave to be const ructed i n  its enti rety , and fu n d i ng w i l l  p robabl y 

h ave to be obta i ned th rough a futu re C i ty cap ital  imp rovements 

bo n d  i ss u e .  
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E .  IMPLEME NTATION O F  EXI STit-G REGULATIONS AND ORDINANCES 

( NON-STRUCTURAL1 ) 

Hal ff Assoc i ates recomme nds that c i t i zens l i v i ng w it h i n the 1 00-

yea r fl ood p l a i n ,  shou l d con s i de r  the p u rch ase of fede ral fl ood 

i n surance . 

The C i ty shou l d cont i n ue enforc i ng i t s  p l aya l ake subd i v i s i o n  

o rd i na nces . In o rde r t o  p rope rl y  ad d ress t h e  effects of future 

u rban i zat i o n ,  the City shou l d adopt the 1 00-year fl ood el evati ons 

p rod u ced by  th i s  stu dy as the desi gnated h i g hwate r  ma rks fo r 

establ i sh i ng f i n i shed fl oor el evat i ons and determ i n i ng necessa ry 

·storage in acco rdance w i th the C i ty ' s  s ub d i v i s ion s o rd i n an ces 

gove rn i ng pl aya l akes . 
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V I I I .  FUTIJRE PUANS OR ACTIONS FOR CONSIDERATION 

Th i s  s t u dy w as u n de rt a k e n  by  t h e  C i ty b e c a u se of i ts co n c e r n  f o r  t h e  

f l ood i n g pote n t i al of i t s p l a y a  l a k e  s y s tem s . A s  t h e  C i t y  o f  L u b b ock 

expands ove r t i me ,  new d e ve l o p m e n t  w i l l  occ u r  i n  p rev i o u s l y u n d evel o p e d  

p l aya l ak e  systems . 

The res u l t s  of th i s  stu d y  h i gh l i ght the p robl ems the C i ty c a n  e n c o u nte r i n  

t h e  p l a y a  l a k e  sy stems a s  c o n t r i b u t i n g w a te r sh e d s  u rban i ze ,  devel opment 

s u r ro u nd s  a pl aya l ak e ,  and the ove r f l ow " p at h s "  b etwee n p l a y a  l a k e s  a re 

d e v e l o p e d . T h e  c o n c l u s i o n o f  t h i s  s t u d y l e a d s  to t h e  f o l l o w i n g 

recomme n d at i o n s  to t h e  C i t y f o r  a d d r e s s i n g f l ood co n t rol  i n  p l aya l a ke 

systems ta rgeted for fut u re deve l o pmen t :  

1 .  The C i ty shou l d cont i n ue to p rep are simi l ar com p reh en s i ve drai n age 

s t u d i es fo r t ho se p l a y a  l a k e  sy stems t h a t  a re e i ther c u rren tl y 

u n d evel oped but targeted for deve l o pment i n  t h e  n e a r f u t u re , o r  

a re c u r re n tl y u n d e v e l o p e d , a n d  i n  t h e  p r ocess of u rban i za t i on . 

Th ese comp rehen s i ve d r a i nage stu d i es shou l d i de nt i fy ,  f o r  f u tu re , 

f u l l y - u rb a n i zed co nd i t i on s ,  p l aya l ake 100-yea r f l ood l im i ts, and 

the 1 00-yea r  fl ood pl a i n  between pl aya l akes . F u n d i n g f o r  t h e s e  

com p re h en s i ve s tu d i e s co u l d  be  accompl i shed b y  th e C i ty sett i ng 

as i de funds annual l y  fo r fl ood pl a i n  m a n a gement i n v e st i g at i o n s . 

A n ot h e r  s o u rce co u l d  be  t h e  Texas Wate r Devel opment Boa rd funds 

for Fl ood P rotecti o n  Stu d i e s .  

2 .  R e v i se t h e  C i ty ' s  s u b d i v i s i o n reg u l at i o n s  to p r ov i d e f o r  t h e  

p re se rvat ion of al l o f  t h e  u ndeve l oped l ake a rea w i th i n  a f u t u r e ,  

f u l l y - d eve l o p e d  1 00 -year fl ood pl a i n .  Th i s  rev i sed pol i cy wou l d 

al l ow the C i ty to h a ve more l and  to mod i fy a pl aya l ak e ' s  sto r a ge 

cap ac i ty i f  it was necessa ry at a l ate r date . 

3 .  P u rch ase o r  req u i re the ded i cat ion of the ove r f l ow p a t h s  betw e e n  

p l a y a  l ak e s  a s  p ub l i c  ope n space and  fl oodway, u p  to the 100-year 

f l ood i n u ndat ion l im it .  The p rese rvation of th i s  open space wo u l d 

h el p c re a t e  a g reenbel t or p a rk system wi nd i ng its  way from pl aya 
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l ake to pl aya l ak e .  W i th careful p l a n n i n g ,  t he g ree n b e l t co u l d 

become a maj o r  c omm u n i ty a n d  e n v i ro n me n t al enhancement fo r the 

City . 

I m p l eme n t at i o n  of t h e  above recomme ndat i ons by the C i ty i n  a reas 

such as the p l aya l akes that a re l ocated sout h  of the s t u dy a re a  

w o u l d c reate p u b l i cl y  ow n e d  an d ded icated fl ood control systems 

con s i st i ng of p l aya l akes and the i r natur al o�e rf l ow pat h s .  These 

g reenbel t/fl oodway systems woul d p rov i de the s u r round i ng commu n i ty 

w i th f l o od p rotect i o n  f r om t h e  1 0 0 - y e a r  f l o o d , r e d u ce t h e  

s f  g n  i f f  c a n t  c o s t s  o f  futu re d ra i n age/fl ood control imp rovements , 

a nd a l so c re a te a p a rk s  a n d  rec rea t i o n  s y stem t h a t  w o u l d b e  

e n v i ro nme n tal l y  be nefi c i al and a sou rce of p r i de fo r the c i t i zens 

of L'ub bock . 
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APPENDIX B 

T h e  u t i l i ty r e l ocat i o n  c o st s s h ow n  as  p a rt of t h e  p rel i m i na ry cost 

esti mates i n  Ap pend i x  A a re cal c u l ated as l ump  s um quant i t i e s .  To determ i ne 

t h e  s e n s i t i v i ty of  th e cost e s t i mates to va r i at i ons i n  uti l i ty rel ocat i o n  

c o s t s ,  t h e  c o s t  e s t i mates w e re a dj u st e d  f o r  com p a r i s o n  b y  c a l c u l at i n g  

u t i l i ty r e l ocat i o n  co st s fo r al l g rav i ty l i n es as a pe rcent age ( 1 0% ) of the 

co n struct i o n  cost s ubtotal . 

T a b l e B - 1  c o m p a r e s t h e  c o s t - b e n e f i t  a n a l y s e s  f o r t h e  s t u d y  

al te rnat i ves , w i t h  uti l i ty rel oca t i o n s  co st s as l ump s um a n d  a s  pe r ce n t a g e  

of  co nst ruct i o n  co sts . W i t h  uti l i ty rel ocat i o n  costs a s  a pe rcentage of the 

c o n t r u ct i o n  c o st s ,  the tot a l  c o n s t r u ct i o n  cost s l i g h t l y i n c r e a s e s  ( a n 

a v e r a g e  o f  6 . 5 % ) ,  w h i l e  t h e  c h a n g e  i n  b e n ef i t - c o s t  r at i o  i s  a l most 

n egl i g i b l e .  

B-1 



TABLE B-1 

COMPARISON OF ALTERNAT IVES 
WITH VARI ATION OF UTILITY RELOCATIONS COSTS 

Cost Benef i t  Anal ys t s  Cost Benefit Anal ys t s  
wfth Utility Qpst as Lump Sum with Utility Costs as 101 of Construction 

Average Ann ual Esti mated Average Ann ual Est i mated 
Damages Prevented Const r uct ion Benefit to Damages Prevented Construct i o n  Benef it to 

N.c.... Alternative Qe�r1otJon (Benefftsl Cost ' Cost Ratto JBenefitsl Cost Cost Ratto 
1 D f ve rt 100-Ye a r  Fl ood from Pl aya $46 1 , 320 $1 2 , 206 , 700 0 . 43 : 1  $46 1 ,320 Sl3 , 174 , 300 0 . 40 : 1  

Lake 23 to Yel l owhouse Canyon 

2 D f ve rt 10-Year Fl ood from Pl aya $361 . 240 $ 5 , 910,500 o.  7 0 : 1  $361 . 240 $ 6 , 248. 5 00 0 . 6 6 : 1  
Lake 2 3  t o  Yel l owhouse Canyon 

3 D f ve rt 100-Year Fl ood from Pl aya $482 . 160 s 6 , 666 , 5 00 0 . 83 : 1  $482 . 160 s 7 , 080 , 0 00 o .  7 8 : 1  

OJ Lake 21 to Yel l owhouse Canyon 

I 1\) 4 D i ve rt  10-Year Fl ood f rom Pl aya $360 , 4 10 s 2 ,603 ,5 00 1 . 5 8 : 1 $360, 410 s 2 , 6 1 0 , 800 1 . 57 : 1  
Lake 2 1  to Yel l owhouse Canyon 

5 10-Year Des f gn Storm Sewer System s 7 1 , 5 20 s 3 . 486 , 900 0 . 23 : 1  s 7 1 , 5 20 s 3 , 669 , 900 0 . 22 : 1  
Connecti ng Pl aya Lakes 3 1 ,  27 , 26 , 
25 , 24 

6 10-Year Des i g n  Storm Sewer System $232 , 800: s 3 ,620,000 o .  7 3 : 1  $232,800 s 3 . 835 , 400 0 . 69 : 1  
Connecti ng Pl aya Lakes 19, 20 , 2 1  

7 Excavati o n  of Pl aya Lake 3 7  $284 , 800 s 7 . 260 , 0 00 0 . 44 : 1 $284 , 800 s 7 .260, 000 0 . 44 : 1 

8 Lowe r System E-1 Pl aya Lakes $347 . 170 s 507 , 600 4 .00 : 1  $347 , 170 s 7 10 ,300 3 .3 3 : 1  

Groundwater Tab l e  

9a Lower System E-1 Pl aya Lakes � $5 81 . 7 60 $ 1 1 , 300,500 0 . 5 9: 1 $5 81 , 7 60 $1 1 , 989 , 0 00 0 . 5 5 : 1  
Normal Pool E l evat ions by Pump/ 
Grav ity Outfal l System 
( 7-day average dra i n  t f me l  

9b Lower System E-1 Pl aya Lakes $5 81 .7 60 s 8 , 5 80 , 000 0 . 7 7 : 1  SS 81 , 7 60 s 9,034 , 5 00 0 . 7 3 : 1  
Normal Pool El evat ions by Pump/ 
Grav ity Outfal l System 
( 14-day average dra i n  t i me )  



ALBERT H .  HALFF ASSOC I A TES , I N C .  
4000 FOSS I L  CREEK BOULEVARD 

FORT W O R T H , TEXAS 7 6 1 37 
.8 1 7  847 - 1 422 

CL I ENT : C I TY O F  LUBBOCK 

PROJECT : S . LUBBOCK DRA I NAGE STUDY 
�! V ERS I ON ALTERN�T I �E ,  SYSTEM E - 1 
PLAYA 23 TO YELLOWHOUSE CANYON 
1 00 Y EAR D E S I G N-, 2 - 72 " P I PE S  
ALTERNAT I VE 1 

F I LE : 
DAT E :  

BY : 

STATEMENT OF P ROBABLE CO ST 

I TEM NO . DESCR I PT I ON 

1 72 i n c h  R . C . P . i n  p l ac e  

2 · rren c h  Saf e t y  

3 Man h o l e s  

4 Ex t r a  Dep t h  f or Man h o l e s  

5 Bor i n g / Tu n n e l i n g 

6 I n l et a n d  Out l et S t r uct u r e s  

7 Ut i 1 i t  i es Adj ust men-t s  

Sub t ot a l  

1 5/. C on t i n g e n c y  

TOTAL 

NOT E S :  

QUANT I TY UN I T  PR I CE 

6 0 , 000 LF $ 1 40 . 00 

3 0 , 00 0  L F  $ 1 . 25 

20 EA $2 , 00 0 . 00 

1 40 FT $30 0 . 00 

3 , 750 LF $500 . 00 

2 EA $ 1 0 , 00 0 . 00 

1 LS $200 , 0 00 . 0121 

CE0�.::: 
9 / 88 

BAF 

AMOUNT 

$8-, 40121 , 000 

$37 , 50f?J 

$ 4 0 , 0 00 

$42 , 000 

$ 1 ,_ 875 , 000 

$20 , 01210 

$ 21210 , m�l0 

--------------
$ 1 0 , 6 1 4 , 51210 

$ 1  ' 592 ' 1 7 5 
------------ --

$ 1 2 , 206 , 675 

TH I S  STATEMENT WAS P R EPARED UT I L I Z I NG S TANDARD COST EST I M ATE PRACT I C ES . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  AN EST I MATE ONLY , AND THAT 
ENG I NEER SHALL N O T  B E  L I ABLE T O  OWNER DR TO A T H I RD PARTY FOR ANY F A I LURE 
T O  ACCURATELY EST I MATE THE COST OF THE PROJ ECT , OR ANY PART THEREOF . 

TH I S  STATEMENT DOES N O T  I NCLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NEER I NG ,  
SURVEYS FOR DES I G N A N D  CONSTRUCT I ON STAK I NG ,  AND GEOTECHN I C AL 
I N VES T I GA T I ON S . 

B - 3 



ALBERT H .  HALFF ASSOC I A TES , I N C .  
4000 FOSS I L  CREEK BOULEVARD 

FORT WORTH ; T E X AS 7 6 1 37 
8 1 7  847- 1 4 22 

CL I ENT : C I T Y O F  LUBBOCK 

PR O J E C T : S . LUBBOCK DRA I NAGE STUDY 
D I V ERS I O N ALTERNAT I VE ,  SYSTEM E - 1 . 
PLAYA 2 3  TO YELLOW HOUSE CANYON 
1 0  YEr�R DE S I GN ,  1 - 6 0 " P I  F'E 
AL TERNAT I VE 2 

F I LE :  

D A T E : 

B Y :  

STATEMENT O F  PROBABLE C O S T  

I T EM NO . 

1 

,., .. ::. 

-::-
·-· 

.{.j. 
C' _, 

7 

NOTE S :  

DESCR I P T I ON QUANT I TY 

60 i n c h  R . C . P . i n  p l a c e  3 0 , 000 

. � ' . 

T r- e n c h  S a f e t y  

Ma n h o l es 

Ex t r- a  D e p t h  f o r- Ma n h o l e s  1 40 

Bor- i n g / T u n n e l i n g 3 , 750 

I n l et and Out l et S t r- u c t ur es 2 

Ut i l i t i e s A d j ust m e n t s  1 

Sub t o t a l  

1 5 /. C on t i n g e n c y  

TOTAL 

UN I T  P R I CE 

LF $ 1 1 0 . 0 0 

L F  $ l. . 25 

E A  $2 , 000 . 00 

FT $ 300 . 00 

L F  $400 . 00 

E A  $ 1 0 , 000 . 00 

L S  $200 , 000 . 00 

CE04 

9 /88 

BAF . 

AMOUNT 

$ 3 , 30 0 , 00 0  

$37 , 500 

$ 4 0 , 0 0 0  

$42 , 000 

$ 1 , 50 0 , 000 

$20 , 000 

$200 , 000 

$ 5 , 1 39 , 50 0  

$ 770 , 92 5  
- -.�- - - - - - - - - - -

$ 5 , 9 1 0 , 4 25 

TH I S  STATEMENT WAS PREPARED U T I L I Z I NG STAND ARD COS T  EST I MATE PRACT I C E S . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  AN EST I M A T E  ONLY , AND THAT 
ENG I NEER SHALL NOT B E  L I ABLE TO OWNER OR TO A TH I RD PARTY FOR ANY F A I LURE 
TO ACCURATELY EST I MATE THE COST OF THE PROJECT , O R  A N Y  PART THEREO F . 

TH I S  STATEMENT DOES NOT I NCLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NEER I NG , 
SUR VEYS FOR D E S I GN AND CONSTRUCT I ON STAK I NG ,  A N D  G E O TECHN I C AL 
I NVEST I GA T I ON S . 

B-4 



AL BERT H .  HALFF ASSOC I AT E S , I N C .  
4�00 F O S S I L  CREEK BOULEVARD 

FORT WORTH , TE X AS 76 1 37 
8 1 7  847- 1 422 

C L I EN T : C I T Y OF LUBBOCK F I LE :  

P R O J E CT : S .  L U B BOC K DRA I NAGE STI.JD Y  
D I VER S I ON A L TERNAT I VE ,  SYSTEM E - 1 
PLAYA 2 1  TO YELLOWHOUSE CANYON 
1 1210 YEAR DES I GN ,  2 - 60 " D I AM .  P I PES 
ALT ERNA T I VE 3 

D ATE : 
BY : 

STATEMENT OF PROBABLE COST 

I TEM N O . DESCR I PT I ON 

1 60 i n c h  R . C . P . i n  p l ac e  

Tr- e n c h  S a f e t y  .. ., . .::. 

3 Ma n h o l e s  

4 Ex t r- a  D ep t h  f or M an h o l e s  

5 S t r- eet R ep a i r-

6 I n l et a n d  Out l e t S t r- u c t u r e s 

7 Ut i l i t i es A d j u s t m en t s  

Sub t ot a l  

1 5 /. Cont i n-g e n c y  

TOTAL 

NOTE S : 

QUANT I TY 

44 , 012!0 

22 , 000 

1 3 

338 

1 94 , 000 

1 

U N I T  P R I CE 

LF $ 1 1 0 . 00 

LF $ 1 . 25 

EA $ 2 , 01ll121 . 00 

FT $300 . 00 

SF $3 . 00 

EA �H fll , 000 . 00 

L S  :t- ;200 , 000 . 00 

CE0 :l 
9 / 88 

BAF 

AMOUNT 

.$4 , 840 , 12H210 

$27 , 50 0  

. $26 , 000 

$ 1 eJ 1 ' 4 0 0  

$582 , 0 00 

$20 , 000 

$200 , 00flJ 

:t-5 ' 796 ' 900 

$869 , 53 5  

$6 , 666 , 4 35 

TH I S  STATEMENT W A S  P R EPARED U T I L I Z I NG STANDARD COST E S T I MATE PRACT I C E S . 
I T  I S  U N D E R STOOD AND AGREED T H A T  TH I S  I S  AN EST I MATE O N L Y , AND THAT 
E N G I N EER SHALL N O T  B E  L I ABLE TO OWNER OR TO A T H I R D P A R T Y  FOR ANY F A I L URE 
T O  ACCURATEL Y E S T I MATE THE COST O F  THE PROJEC T , O R  A N Y  P A R T  THEREO F .  

T H I S  STA T E M E N T  D OES N O T  I N CLUDE COSTS FOR R I GHT-OF-WA Y , ENG I N E ER I N G ,  
SURVEYS FOR DES I G N A N D  CONSTRUCT I O N STA K I NG ,  AND GEOTECHN I CAL 
I N VEST I GA T I O NS . 

B-5 



ALBERT H .  HALFF ASSOC I A T E S , I N C .  
4 0 0 0 . F O SS I L  CREEK BOULEVARD 

FORT WORTH , T E X A S  7 6 1 37 
8 1 7  8 4 7 - 1 422 

CL I E NT : C I TY OF L UBBOCK 

P R O J E CT : S .  LUBBOCK D R A I NAGE STUDY 
D I VERS I O N A L TERNAT I V E ,  SYSTEM E - 1 
PLAYA 2 1  T O  YELLOWHOU S E  CANYON 
1 0 YEAR DES I G l\1 ' 1 -- 36 I I  D I AI"! . p I  F'E 
ALTERNAT I VE 4 

F I L E : 

D A T E : 

B Y : 

STATEMENT O F  PROBABLE C O S T  

I TEM NO . DESCR I P T I ON Q UANT I T Y UN I T  P R I C E 

1 36 i n c h  R . C . P . i n  p l ac e  22 � 000 LF $ 75 . 0 0 

2 Tr e n c h  S a f e t y 22 , QJ Q) I2)  LF $ 1 . 2 5 

3 M an h o l e s  1 -::-
. ·-· EA $2 , 00 0 . 0121 

4 Ex t r a  D ep t h  f or M a n h o l e s  3�58 FT $ :3(2)121 . 0121 

5 S t r ee t  R ep a i r 83 � 000 SF $ 3 . 0 0  

6 I n l e t a n d  Out l et S t r u c t u r e s  2 E A  $ 5 ' (2)(2) 0 . 0 12!  

7 Ut i l i t i e s A d j u s t m en t s  1 L S  $.200 , 1210 0 . 121121 

S u b t ot a l  

1 5 �·� Co n t i n g e n c y  

TOTAL 

NOTE S :  

CEQI2 

9 / 8 8  

BAF 

A M O U N T  

$ 2 7 , 5(2)0 

$ 1 121 1 , 4 0 0  

$.249 , 0 0 v) 

$ 1 121 , 0 0 0  

$2 , 263 , 9 0 0  

$ 2 , 603 , 4 8 5  

T H I S  S T A T E M E N T  WAS PRE PARED U T I L I Z I NG S TANDARD C O S T  E S T I MATE PRACT I CE S . 
I T  I S  UNDERSTOOD AND AGREED T H A T  TH I S  I S  AN E S T I MATE ONLY , AND THAT 
ENG I NEER SHALL NOT BE L I ABLE T O  OWNE� OR TO A TH I RD PARTY F O R  ANY FA I LURE 
T O  ACCURATELY E S T I MATE THE C O S T  OF T H E  PROJECT , OR ANY PART THEREOF . 

TH I S  STATEMENT DOES N O T  I NCLUDE C O S T S  FOR R I GHT-OF-WAY , E N G I NE ER I NG ,  
SURVEYS FOR DES I GN A N D  CONSTRUC T I ON STAK I NG ,  AND GEOTECH N I CAL 
I NVEST I GA T I ONS . 

B-6 



ALBERT H .  HALFF ASSOC I ATES , I NC .  
401210 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X A S 76 1 3 7 
8 1 7  847- 1 422 

CL I EN T : C I TY O F  LUBBOCK 

PROJ E CT : S .  LUBBOCK D R A I NAGE STUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E- 1 
PLAYAS 3 1 -27-26-25-24 
1 121  YEAR D ES I GN ,  REACH 3 1 -27 
ALTERNAT I VE 5 

F I LE :  

DATE : 

BY : 

STATEMENT O F  P ROBABLE COST 

I TEM NO . D ESCR I PT I ON 

1 48 i n c h  R . C . P .  i n  p l a c e  

2 Tr en c h  Saf ety 

3 Manh o l es 

4 Ex t r a  Dep t h  f or Man h o l es 

S S t r eet Rep a i r 

6 I n l et and Out l et St r uc t ur es 

7 Ut i l i t i es A d j ust men t s  

Subt o t a l  

1 5/. Con t i n g e n c y  

TOTAL 

NOTE S :  

QUAN T I TY U N I T  PR I CE 

4 , 1 50 LF $85 . 00 

4 , 1 50 . LF $ 1 . 25 

4 EA $2 , 121121121 . 121121 

0 FT $31210 . 0121 

2B , 700 SF :t-3 • 121121 

2 E A  $ 5 , 121 0121 . 00 

1 LS $ 1 0 , 000 . 00 

CE1215 

9/88 

BAF 

A MO UNT 

$352 , 75 0  

$5 ' 1 88 

$8 , 121 0121 

$ 0  

$86 ' 1 1210 

$ 1 0 , 00 0  

$ 1 0 , 00 0  

--------------
$472 , 038 

$70 , 806 
--------------

$542 , 8 43 

T H I S  STATEMENT W A S  PREPARED U T I L I Z I NG ST ANDARD COST EST I MATE PRACT I CES . 
I T  I S  UNDERSTOOD AND AGREED T H A T  T H I S  I S  AN EST I MATE ONLY , AND THAT 
ENG I NEER SHALL NOT B E  L I ABLE T O  OWNER O R  TO A TH I R D PARTY FOR ANY F A I LURE 
T O  ACCURATELY E S T I MATE THE COST OF THE PROJ ECT , OR ANY PART THEREOF . 

T H I S  STATEMENT DOES NOT I NCLUDE COSTS FOR R I GHT -OF-WA Y , ENG I NEER I NG ,  
SURVEYS F O R  D E S I G N  A N D  CONSTRUC T I ON STAK I NG , AND GEOTECHN I CAL 
I N VES T I GAT I ON S . 

B- 7  



ALBERT H .  HALFF ASSOC I AT E S , I NC .  
4 0 0 0  FOSS I L  CREEK BOULEVARD 

FORT WORTH , TEXAS 76 1 3 7  
8 1 7  847- 1 42 2  

C L I ENT : C I TY OF LUBBOCK 

PROJ EC T : S .  L UBBOCK DRA I NAGE S T U D Y  
FLOOD C O N T R O L  ALTERNAT I VE ,  S Y S T E M  E - 1  
P L A Y A S  3 1 -27-26-25-24 
1 0  YEAR DES I GN ,  REACH 27-26 
ALTERNAT I V E 5 

F I LE :  

D A T E : 

B Y : 

STATEMENT OF PROBABLE C O S T  

C Efll6 

9 / 8 8  

BAF 

I T EM NO . DESCR I P T I ON QUANT I T Y UN I T  P R I CE AMOUNT 

1 1 2  ' �-: 6 ' Con c r e t e  BoN 2 , 200 LF $330 . 00 $726 , 0 0 0  

,., ,,::. T r e n c h  E �·: c a vat i on 1 1 , 000 CY $ 7 . 0fll $ 7 7 , 0fllfll 

3 T r e n c h  Sa f e t y  2 , 200 LF $ 1 . 25 $2 , 750 

4 M a n h o l e s 4 E A  $ 2 , 00 0 . 00 $ 8 , 000 

5 S t r eet R e p a i r  27 , 000 SF $3 . 00 $ 8 1 , 0 00 

6 I n l et a n d  Out l et S t r uc t ur es 2 E A  $ 1 0 , 00 0 . 00 $ 2 0 , 00 0  

7 U t i l i t i es A d j u s t me n t s  1 L S  $ 1 0 , 00 0 . 00 $ 1 121 , 0121121 

S u b t o t a l  $ 9 2 4 , 75 121  

1 5�1.. Con t i  n g en r..: y $ 1 38 , 7 1 3  

TOTAL $ 1  ' 1216 3  ' 4 6�5 

NOTES : 

TH I S  STATEMENT WAS PREPARED UT I L I Z I NG STANDARD COST E S T I MATE PRACT I C E S . 
I T  I S  UNDERSTOOD AND AGREED THAT T H I S  I S  AN EST I MATE ONL Y , AND THAT 
ENG I NEER SHALL NOT B E  L I ABLE T O  OWNER OR TO A TH I RD PARTY FOR ANY F A I L U R E  
T O  ACCURATELY E S T I MATE T H E  COST OF THE PROJECT , O R  ANY PART THEREOF . 

TH I S  STATEMENT D O E S  NOT I NCLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NEER I NG ,  
SURVEYS FOR D E S I GN AND CONSTRU C T I O N STAK I NG ,  AND GEOTECHN I CAL 
I N VEST I G AT I ONS . 

B-8 



ALBERT H .  HALFF ASSOC I A TES , I N C .  
4000 F O S S I L  CREEK B O ULEVARD 

FORT WORTH , T E X A S  7 6 1 37 
8 1 7  847- 1 4 22 

C L I EN T : C I T Y O F  LUBBOCK 

P R O J E C T : S .  LUBBOCK DRA I NAGE S T U D Y  
F L OO D  CONTROL ALTE RN A T I VE ,  SYSTEM E - 1 
P L A Y A S  3 1 -27-26-25-24 
1 0  YEAR D E S I GN ,  REACH 26-25 
AL TERNA T I VE 5 

F I LE :  

D A T E : 

B Y : 

S TATEMENT OF PROBABLE COST 

I TE M  N O . DESCR I P T I ON 

1 2 - D B L . 5x 4 Box Cu l ver t s  

2 Lower F . L .  of Hwy . Box e s  

3 T r en c h  E x c avat i on f or 5 x 4 ' s  

4 Ex c a vat i on f or Hwy . B o x e s  

5 R e g r a d e  C h a n n e l  

6 S t r e e t  R ep a i r 

7 I n l e t a n d  Out l e t S t r u c t u r e s  

8 U t i l i t i es A d j u s t me n t s  

S ub t o t a l  

1 5 /. C on t i n g e n c y  

T O TAL 

NOTES � 

QUAN T I TY 

12(21 

2 2 2  

25121 

1 ,_ 4 012.1 

2 , 61210 

720 

4 

1 

UN I T  " P R I CE 

L F  $260 . 00 

LF $ 1 ,_ 1 0 0 . 00 

C Y  $7 . 0(21 

C Y  $ 1 (21 . (21(21 

CY $ 1 ,; 1 0  

S F  $3 . 12112.1 

EA $ 5 , 0 012.1 . (21(21 

LS $3 , 000 . 00 

CE07 

9 / 88 

B A F  

AMOUNT 

$3 1 , 200 

$244 , 20(21 

$ 1  ' 7 512) 

$ 1 4 , 0(21(21 

$2 , 8 60 

$ 2 ' 1 60 

$212.1 , 000 

$3 , 000 

- - - - - - - - ·- - - - --

$3 1 9 , 1 70 

$4 7 , 8 76 
- - - - - - - - - -· - - - -

$ 36 7 , 046 

T H I S  STATEMENT W A S  PREPARED U T I L I Z I NG S TANDARD COST E S T I MATE PRACT I C E S . 
I T  I S  UNDERST OOD AND AGREED THAT T H I S  I S  AN EST I M A T E  O N L Y , AND THAT 
ENG I N EER S HALL N O T  B E  L I ABLE T O  OWNER O R  TO A TH I RD P A RTY FOR ANY F A I LURE 
TO ACCURATELY E S T I MATE THE C O S T  O F  T HE PROJ ECT , O R  ANY PART THERE OF . 

TH I S  S T A T E ME N T  D O E S  N O T  I NCLUDE C O S T S  FOR R I GHT-OF-WA Y , ENG I NEER I N G ,  
SURVEYS FOR D E S I GN AND CONSTRUCT I ON STAK I NG , AND GEOTECHN I CAL 
I N V E S T I GA T I ON S . 

B - 9  



ALBERT H .  HALFF ASSOC I A T E S , I N C .  
4000 FOSS I L  CREEK BOULEVARD 

F O R T  WORTH , T E X AS 7 6 1 37 
8 1 7  8 4 7 - 1 422 

C L I ENT : C I TY OF L U BBOCK 

PROJECT : S . LUBBOCK D R A I NAGE S T U D Y  
FLOOD CON TROL ALTERNAT I VE ,  S Y S T E M  E - 1 
PLAYAS 3 1 -27-26- 25-24 
1 0  YEAR D ES I GN ,  REACH 25-24 
ALTERNAT I V E 5 

F I LE :  

D A T E : 

B Y :  

S T A T E M E N T  O F  PROBABLE COST 

C E 121B 

9 / 88 

BAF 

I TE M  NO . DESCR I P T I ON QUANT I T Y UN I T  P R I CE A M O U N T  

1 

:0"\ .. ::. 

4 

5 

N O TE S :  

2 - 6 0 " R . C . P .  i n  p l ac e  

Tr- en c h  S a f e t y  

S t r- ee t  R e p a i r-

I n l et an d Out l et S t r- u c t u r es 

U t i l i t i es A d j u s t m e n t s  

SL1 b t o t a l  

:1. 5 %  C on t i n g er.1 c y  

TOTAL 

1 ' 5 00 

1 ' 5 00 

560 

2 

1 

L F  $ 1 1 0 . 0121 $ 1 65 , 121 121 0  

LF :.t- 1 .. 25 $ 1 , 8 7 5  

S F  $ 3 . 121 121  $ 1  ' 6 80 

E A  $5 , 00 121 . 1210 

L S  $5 , 0 121121 . 121121 $ 5 , 0121121 

$ 1 83 '  55�! 

:V 2 1 1 , 08f3 

TH I S  STATEMENT WAS PREPARED UT I L I Z I NG STA NDARD COST E S T I M A T E  PRACT I C ES . 
I T  I S  UNDERSTOOD AND A GREED T H A T  TH I S  I S  AN EST I MATE O N L Y , AND THAT 
ENG I NEER SHALL N O T  BE L I ABLE T O  OWNER O R  TO A T H I RD PARTY FOR ANY F A I L U R E  
TO ACCURA TELY E S T I MATE T H E  COST O F  THE PROJ ECT . O R  A N Y  PART THEREOF . 

TH I S  STATEMENT D O E S  N O T  I NCLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NEER I N G ,  
SURVEYS FOR D E S I GN AND CONSTRUC T I O N STAK I N G ,  AND GEOTECH N I C AL 
I N VEST I GA T I ONS . 

B -- 1 121  



ALBERT H .  HALFF ASSOC I A TES , I N C .  
4 0 0 0  FOSS I L  CREEK BOULEVARD 

FORT WORTH , . T E X A S  7 6 1 37 
8 1 7  847- 1 42 2  

CL I EN T :  C I TY O F  LUBBOCK F I LE :  

PROJ ECT : S . LUBBOCK DRA I NAGE S T U D Y  
F L O O D  CONTROL ALTERNAT I VE ,  SYS TEM E - 1  
PLAYAS 3 1 -27-26-25 -24 
1 0  YEAR DES I GN ,  REACH 24 
ALTERNAT I VE 5 

DATE : 

B Y : 

STATEME N T  OF PROBABLE COST 

I TEM N O . DESCR I P T I ON 

1 C l ear a n d  Grub 

.., 
.... Tr en c h  E:-: c av a.t i  on 

3 Gr ass S l opes a n d  Bot t om 

4 Ut i l i t i es A d j ustme n t s  

Sub t ot a l  

1 5% Con t i n g en c y  

TOTAL 

NOTES: 

QUANT I TY 

35 

50.0 , 0121 0  

1 

1 

U N I T  PR I CE 

AC $ 5 00 . 00 

C Y  $ 1 . 95 

LS $ 1 3121 , 00 0 . 00 

LS $ 1 0 , 01210 . 121121 

CE09 

9 / 88 

BAF 

AMOUNT 

$ 1 7 , 50 0  

$ 9 7 5 , 000 

$ 1 3121 , 000 

$ 1 0 , 1210 0  

$ 1 , 132 � 50121 

$ 1 69 , 8 7 5  

$1 ' 30 2 ,  37::; 

T H I S  S T ATEMENT WAS PREPARED U T I L I Z I NG STANDARD COST E S T I MATE PRACT I CE S . 
I T  I S  UNDERSTO O D  AND AGREED T H A T  T H I S  I S  A N  EST I MA T E  ONLY ; AND THAT 
ENG I NEER SHALL NOT BE L I ABLE T O  OWNER OR T O  A TH I RD PARTY FOR ANY F A I LURE 
T O  ACCURATELY EST I MATE T � E  COST OF THE PROJ ECT , OR ANY PART THEREOF . 

TH I S  STATEMENT DOES NOT I NCLUDE COSTS FOR R I GHT-OF-WA Y , ENG I NEER I NG ,  
SURVEYS FOR D E S I GN AND CONSTRUC T I ON STAK I NG ,  AND GEOTECHN I C AL 
I N VEST I GA T I ON S . 

B - 1 1 



ALBERT H .  HALFF ASSOC I A T E S , I NC .  
4�00 F O S S I L  CREEK BOULEVARD 

FORT WORTH , T E X A S  7 6 1 3 7  
8 1 7  847- 1 42 2  

CL I ENT : C I TY O F  L U B B O C K  F I L E :  

P R O J E CT : S .  L UBBOCK DRA I NAGE S T U D Y  
F L O O D  C O N T R O L  ALTERNAT I VE , S Y S T E M  E- 1 
PUW A S  1 9 -2�-2 1 
1 0  YEAR D E S I GN ,  REACH 1 9- 2 1 
ALTERNAT I VE 6 

D A T E : 

B Y :  

STATEMENT O F  PROBABLE C O S T  

I TE M  NO . DESCR I PT I ON Q U ANT I TY U N I T  P R I CE 

1 48 " R . C . P .  i n  p l ac e  7 '  1 7 121 LF $ 8 5 . �� 

l'"l 
.. ::. Tr- e n c h  S a f e t y  7 '  1 7121 L F  $ 1 . 25 

3 E�·: c a v a t  i on f or- P l aya 1 9  256 , 121121� CY $ 1 . 95 

4 G r- a s s  S l o p e s  an d Bo t t om 1 65 , 121�� SY $ 121 . 5121 

o= ,:J M a n h o l e s  8 EA $ 2 , 00121 . 0� 

6 E:·: t r- a Dep t h  f or- M an h o l e s  4 8  F T  $300 . 00 

7 S t r- e e t  Rep a i r- 45 , 01210 S F  $ 3 . 0121 

8 I n l e t a n d  Out l et S t r- u c t u r- es 2 E A  $ 5 , 000 . 00 

9 U t i l i t i e s A d j u s t me n t s  1 L S  $2121 , 000 . 1210 

Su b t o t a l  

1 5/. C on t i n g en c y  

TOTAL 

NOTES : 

C E 1 0  

9 / 8 8  

B A F  

A M O U N T  

$609 , 4 50 

$ 8 , 96 3  

$ 4 9 9 , 2�0 

$ 8 2 , 5�0 

:¥- 1 6 , 000 

$ 1 4 , 40121 

$ 1 35 , 0 00 

$ 1 0 , 012i121 

$20 , 01210 

-- - - - - - - - - - - - -

$ 1 , 39 5 , 5 1 3  

$209 , 32 7  
- - - - - - - - - -· - - --

$ 1 , 61214 , 8 3 9  

TH I S  S T A T E M E N T  W A S  PREPARED U T I L I Z I NG S TANDARD COST E S T I M A T E  P R A CT I CE S . 
I T  I S  UNDER STOOD AND A GREED THAT TH I S  I S  AN EST I MATE O N L Y , AND T H A T  
ENG I NEER SHALL N O T  B E  L I ABLE T O  OWNER O R  TO A TH I RD P A R T Y  FOR ANY F A I L U R E  
TO ACCURATELY E S T I M A T E  THE COST O F  T H E  PROJ ECT , O R  A N Y  P A R T  THEREOF . 

T H I S  STATEMENT D O E S  N O T  I NCLUDE C O S T S  FOR R I GHT-OF-W A Y , E N G iNEER I NG ,  
SURVEYS FOR D E S I GN AND CONSTRUCT I ON S T A K I NG , AND GEOTECHN I CAL 
I N VES T I GA T I O N S . 

B - 1 2  



A L B E R T  H .  HALFF ASSOC I A TES , I NC .  
401210 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X AS 7 6 1 37 
8 1 7  847- 1 4 2 2  

CL I EN T : C I T Y OF L U BBOCK 

P R O J ECT : S . L U B B O C K  DRA I NAGE S T U D Y  
F L O O D  CONT ROL ALTERNAT I VE ,  SYSTEM E - 1  
P L  .. A Y A S  1 9-· 20-2 1 

1 0  YEAR DES I GN ,  REACH 20-2 1 
f.�L T EFi: NAT I VE 6 

F I LE :  

D A T E : 

B Y : 

S T A T E M E N T  OF PROBABLE C O S T  

C E l l. 

9 / 8 8 

BAF 

I TE M  NO . D ESCR I P T I O N QUANT I TY U N I T  PR I C E AMOUNT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NOTE S :  

4 8  I I  R • c .  p • 5 ' 0 5 0  

Tr en c h  S a f e t y  5 , 05 0  

E x c a v a t i on f or P l aya 2 0  1 0 1 , 000 

G r a s s  S l o p e s a n d  B o t t o m  8 3 , 00 0  

M an h o l es 6 

E:-� t r a  D-e p t h  f o r M a n h o l e s  3 6  

St r e e t  R ep a i r 30 , 000 

I n l e � an d Out l et S t r uc t ur es 2 

U t i l i t i es Adj u s t men t s  1 

Su b t o t a l  

1 5% C on t i n g e n c y  

T O T A L  

L F  $85 . 00 $429 , 25 0  

L F  $ 1 . 25 $ 6 , 3 1 3  

C Y  $ 1 . 95 $ 1 96 , 950 

SY :f:0 . 5 0  $ 4 1 ' 5 00 

EA :$=2 ' 000 . 00 

FT :'f; 300 . 00 $ 1 0 , 80 0  

S F  $3 . 00 $9121 , 000 

EA $ 5 ' 0(2)(2) . 00 

LS $ 1 0  ' (2)(2)0 • 0121 $ 1 0 , 12100 

$ 8 06 , 8 1 3  

$ 1 2 1  ' 022 

$927 , 8 34 

TH I S  S T A T E M E N T  WAS PREPARED UT I L I Z I N G STANDARD COST EST I MATE PRACT I CES . 
I T  I S  UNDERS T OOD AND AGREED THAT T H I S  I S  AN E S T I M A T E  ONLY , AND T H A T  
ENG I N E E R  SHALL NOT BE L I A B L E  T O  O W N E R  OR TO A TH I R D P ARTY F O R  ANY F A I L U R E  
T O  ACCURATELY EST I MATE THE COST O F  T H E  PR O J EC T . OR ANY P A R T  THERE O F . 

T H I S  S T A T E M E N T  D O E S  NOT I NC L U D E  C O STS FOR R I GHT-OF-WAY , ENG I NEER I NG ,  
S U RVEYS FOR D E S I GN AND CONSTRUCT I O N STAK I NG ,  AND GEOTECHN I C AL 
I N VEST I GA T I O N S . 

B - 1 �::. 



ALBERT H .  HALFF AS SOC I A TES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

F O R T  WORTH , TE X AS 76 1 3 7 
8 1 7  8 4 7 - 1 422 

CL I ENT : C I T Y O F  LUB BOCK 

PROJECT : S . L U BBOCK D R A I NAGE S T U D Y  
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E- 1 
PLAYAS 1 9 -20-2 1 
1 0  YEAR D ES I G N ,  REACH 2 1  
ALTERNAT I VE 6 

F I L E :  

D A T E : 

B Y :  

STATE MENT O F  PROBABLE COST 

CE 1 2  

9 / 88 

BAF 

I TE M  NO . D E S CR I PT I ON QUANT I T Y UN I T  P R I CE AMOUNT 

1 Ex c a v a t i o n f o r P l aya 2 1  3 9 9 , 000 CY $ 1 . 95 $778 , 0 5 0  

G r a s s  S l o p e s  a n d  Bot t om 3 1 5 , 0 00 SY $ 0 . 5 0  $ 1 5 7 , 50 0  

3 Ut i l i t i es A d j u s t men t s  1 LS $ 1 0 , 0 00 

Sub t o t a l  $ 9 4 5 , 55 0  

1 5 %  C on t i h g en c y  $ 1 4 1 , 83 3  

TOTAL $ 1 , 08 7 , 383 

NOTES : 

TH I S  STATEMENT WAS P R EPARED UT I L I Z I NG STANDARD COST E S T I M A T E  PRACT I C ES . 
I T  I S  UNDERSTOOD A N D  AGREED THAT TH I S  I S  AN EST I MATE ONLY , AND THAT 
ENG I NEER SHALL NOT B E  L I ABLE T O  OWNER OR TO A TH I RD PARTY FOR A NY FA I LURE 
TO A CCURATELY E S T I MATE THE COST O F  THE PROJECT , O R  ANY P A R T  T H EREOF . 

TH I S  STATEMENT DOES NOT I N CLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NEER I N G ,  
SURVEYS FOR D E S I GN AND CONSTRUCT I ON STAK I N G , AND GEOTECHN I CA L  
I N V ES T I GAT I ON S . 

B - 1 4  



A L B E R T  H .  HALFF ASSOC I A TES , I NC .  
4 0 0 0  FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X A S  76 1 37 
8 1 7  847- 1 42 2  

' C L I EN T :  C I T Y O F  LUBBOCK F I L E :  

PROJ E C T : S . LUBBOCK DRA I NAGE S T U D Y  
F L O O D  CONTROL ALTERNAT I VE ,  SYSTEM E- 1 
PLAYA 37 
E X CAVATE TO CONTA I N  50% URB . 1 00YR 
FLOOD 
ALTERNAT I VE 7 

DATE : 

B Y : 

STATEMENT OF PROBABLE C OST 

I TE M  N O . DESCR I P T I ON QUAN T I TY U N I T  PR I CE 

CE 1 �5 

9 / 8 8 

BA F 

AMOUNT 

- � - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

1 Ex c av a t i on f or P l aya 3 7  2 , 5 56 , 00 121  C Y  $ 1 . 50 $ :3 , 834 � IZHZHZl 

2 Gr ass S l o p es 1 5121 , 1210121 S Y  $121 . 5121 $ 7 5 , 000 . 

Sub t o t a l  $ 3 , 91219 , 0 1210 

1 5/. C on t i n g en c y  $ 5 86 , 35 0  

TOTAL $4 ' 4 9 5  ' ::::; 50 

NOTES : 

TH I S  STATEMENT WAS PREPARED U T I L I Z I NG STANDARD COST EST I MATE PRACT I C ES . 
I T  I S  UNDERSTOOD AND AGREED T H A T  T H I S  I S  AN E S T I MATE ONLY , AND THAT 
E N G I NEER SHALL N O T  B E  L I ABLE T O  OWNER OR TO A T H I R D  PARTY FOR A N Y  F A I LURE 
TO ACCURATELY EST I MATE THE COST O F  THE PROJECT , O R  A N Y  PART THEREOF . 

T H I S  STATEMENT DOES NOT I NCLUDE COSTS FOR R I GHT-OF-WA Y , ENG I NEER I NG ,  
S U R VEYS FOR DES I GN AND CONSTRUC T I ON STAK I NG ,  A N D  GEO TECHN I CAL 
I NVEST I GA T I ON S . 

B- 1 5  



AL BERT H .  HALFF ASSOC I ATES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

FORT WORTH � T E X A S  7 6 1 37 
8 1 7  8 47 - 1 422 

CL I E N T : C I TY O F  LUBBOCK F I LE :  

PROJ E CT : S .  L U B B O CK DRA I NAGE S TUDY 
FLOOD CONTROL ALTER NAT I VE ,  SYSTEM E - 1 
F' L.. AYA �5 7  
E X CAVATE T O  CONTA I N  1 1210% URB . 1 00 Y R  
FLOOD 
ALTERNAT I VE 7 

D A T E : 

B Y : 

STATEMENT O F  PROBABLE COST 

I T EM NO . DESCR I P T I ON QUANT I T Y UN I T  P R I CE 

Ex c a v a t i on f or P l aya 37 4 , 1 1 0 , 01210 CY $ 1 . 5121 

•""\ 
.. ::. Gr a s s  S l o p e s  2 9 7 , 121121121 SY $121 . 5121 

Sub t o t a l  

:1. 5% C o n t i n g en c y  

TOTAL 

NOTES � 

CE 1 6  

9 / 88 

BAF 

AMOUNT 

$6 , 1 65 , 121121 121  

$ 1 48 , 5121 121  

$6 , 3 1 3 , 5121fZ) 

$ 9 4 7 , 12125 

$ 7 , 261Zl , 525 

TH I S  STATEMENT WAS PREPARED UT I L I Z I NG STANDARD COST E ST I MA T E  PRACT I CE S . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  A N  EST I MATE O N L Y , AND THAT 
EN G I NEER SHALL NOT B E  L I ABLE TO OWNER O R  TO A TH I RD PARTY FOR A NY F A I LURE 
TO ACCURATELY E S T I MATE THE COST OF THE PROJECT , OR ANY PART THEREOF . 

TH I S  STATEMENT D O E S  NOT I NCLUDE COSTS FO R  R I GHT-OF-W A Y , E N G I N E ER I NG ,  
SURVEYS FOR D E S I G N AND CONSTRUCT I ON STAK I NG ,  AND GEOTECHN I CAL 
I N VEST I GA T I ON S . 

B- 1 6  



A L B E R T  H .  HALFF ASSOC I A TES , I N C .  
40�0 FOSS I L  CREEK B O U LEVARD 

F O R T  WORTH , TE X AS 7 6 1 37 
8 1 7  847- 1 42 2  

C L I E N T : C I TY O F  LUBBOCK 

PR O J E C T : S .  LUBBOCK DRA I NAGE S T U D Y  
F L O O D  CONTROL ALTERNAT I VE ,  SYSTEM E - 1 
PUMP GROUNDWATER F O R  A DD I T I ONAL 
PLAYA LAKE STORAGE 
ALTERNA T I VE 8 

F I L E :  

DATE : 

BY : 

STATEMENT OF PROBABLE C O S T  

I T EM N O . DESCR I P T I O N 

1 W a t er W e l l / P u m p  S t a t i o n 

2 Tr en c h  Ex c av a t i on 

3 fl t o n e  E m b ed men t 

4 S e l e c t  Bac k f i l l  

1 8  i n c h  PVC P i p e  

4 1 0  i n e h  PVC P i p e  

5 8 i n c h  PVC P i p e  

8 T r en c h  Saf e t y  

9 U t i l i t i e s A d j u s t m e n t s  

S u b t o t a l  

1 5 % C on t i n g e n c y  

T O TAL 

N O T E S : 

QUANT I T Y UN I T  PR I CE 

1 1 E A  $ 1 5 , 000 . 00 

8 , 8 00 C Y  $ 7 . 00 

1 , 280 C Y  $ 12 . 50 

6 , 6 9 0  C Y  $ 6 � 25 

3 , 00 0  L F  $ 1 4 . 1 3  

6 , 600 LF $4 . 06 

6 , 600 L F  $2 . 6 5 

1 6 , 200 L F  $ 1 . 25 

1 L_fl $50 , 00 0 . 00 

C E 1 7  

9 / 8 8  

B A F  

A M O UNT 

$ 1 6 5 , 000 

$6 1 , 6 00 

$ 1 6 , 000 

$ 4 1 , 8 1 3  

$42 , 3 90 

$26 , 796 

$ 1 7 , 4 90 

$ 20 , 250 

$50 , 000 

- - - - - - - - - - - ---
$44 1 , 339 

$66 , 2 0 1  
- - - - - - - - - - - - - -

$507 , 5 39 

T H I S  S T A T E MENT WAS PREPARED U T I L I Z I NG STANDARD C O S T  EST I MATE PRACT I C E S . 
I T  I S  UNDERSTOOD AND AGREED T H A T  TH I S  I S  AN E S T I M A T E  O N L Y , AND THAT 
EN G I N E E R  SHALL N O T  BE L I AB L E  T O  OWNER O R  T O  A TH I R D  PARTY F O R  A N Y  F A I LURE 
T O  A CCURATELY EST I MATE THE C O S T  O F  THE PROJ ECT , O R  ANY PART THERE O F . 

T H I S  STATE MENT DOES N O T  I NCLUDE COSTS FOR R I G H T - O F - W A Y , ENG I NEER I NG ,  
SURVEYS F O R  D E S I GN AND CONSTRU C T I ON STAK I N G , AND GEOTECHN I C AL 
I N VES T I GA T I ON S . 

B- 1 7  



ALBERT H .  H A L F F _ ASSOC I A TES , I N C .  
4000 F O S S I L  C R EEK BOULEVARD 

F O R T  W O R T H , T E X A S  76 1 37 
8 1 7  8 4 7 - 1 422 

CL I E NT : C I TY O F  L U B BOCK F I LE : 

P R O J E C T : S . LUBBOCK D R A I NAGE STUDY 
MA I N  TRUNK L I NE ALONG LOOP 289 
LOWER S Y S . E - 1 LAKES FOR A D D I T O N A L  
STORAGE , 6 0  I NCH P I PE .  
ALTERNA T I V E 9 A  

D A T E : 

B Y :  

STATEMENT O F  PROBABLE COST 

I TE M  N O .  D E SC R I PT I O N QUANT I TY U N I T  P R I CE 

1 60 " R . C . P .  i n  p l �::� c e  5 2 , 8 (ZHZI  LF $ 1 2 0 . 0 0  

2 Tr e n c h  S a f e t y  L F  $ 1 . 25 

3 Ma n h o l es 1 0  EA $2 , 00 0 . 00 

4 St r e e t  R e p a i r 3 5 6 ' 1 2 0 S F  $ 3 . 00 

5 Out l e t S t r u c t u r e  1 L S  $ 1 0 , 0 0 0 . 00 

6 Ut i l i t i es A d j u s t m e n t s  1 L. S $200 , 0 0 0 . 0 0  

. 

7 Bor i n g / Tu n n e l i n g 2 , 4 5 0  LF $ 2 00 . (2)0 

Sub t ot a l  

1 5 /.  C on t i n g en c y  

TOTAL 

NOTE S : 

CE27 

9 / 8 8  

BAF 

A MOUNT 

�t- 6 2 ' 9 3 8  

$2!21 , 00 0  

$ 1. , (2) 6 8 , 3 6 0  

$ 1 0 , 0 00 

$200 , 0 0(2) 

$4912l , 0 12l0 

�:8 ,  H:! 7 ,  2 9 E:l 

$ 1  , 22 8 , 0 9 5  

T H I S  S T ATEMENT W A S  PREP ARED UT I L I Z I NG S TANDARD C O S T  EST I MATE P R A C T I CES . 
I T  I S  UNDERSTOOD AND AGREED THAT T H I S  I S  AN ES T I MATE O N L Y , AND THAT 
ENG I N EER SHALL N O T  BE L I ABLE TO OWNER OR T O  A T H I RD PARTY F O R  A N Y  FA I LURE 
TO A CCURATELY E S T I MATE THE COST OF T H E  PROJ ECT , OR ANY PART THEREOF . 

TH I S  S T ATEMENT D O E S  NOT I NCLUDE C O S T S  F O R  R I GHT-OF-WAY , E N G I NEE R I N G ,  
SURVEYS FOR DES I G N AND CONSTRUCT I ON S T AK I NG ,  AND GEOTEC H N I CAL 
I N VEST I GAT I O NS . 

B - 1 8  



.... .. 

ALBERT H .  HALFF ASSOC I AT E S , I NC .  
4 0 0 0  FOSS I L  CREEK BOULEVARD 

FORT WORTH � TE X AS 76 1 37 
8 1 7  847- 1 4 2 2  

CL I EN T :  C I T Y O F  LUBBOCK F I LE :  

PR O J E CT : S .  LUBBOCK DRA I N A GE S T U D Y  
F L OOD CONTROL ALTERNAT I V E ,  SYSTEM E- 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 3 7  - E X I S T I NG C O N D I T I O NS 
ALTERNAT I VE 9 A  

DATE : 

BY : 

S T A TEMENT OF PROBABLE COST 

I TE M  N O . DESCR I PT I ON QUANT I T Y U N I T  PR I CE 

1 Pump S t a t i o n 1 L . S .  $264 , 20 0 . 0 0  

�2 24 i n c h  PVC P i p e  2 0 0  L F  $25 . 7 2 

3 1 8  i n c h  PVC P i p e  2 0 0  L F  $ 1 4 . 1 3  

4 E:-: c a v a t i on 2 9 0  C Y  :$: 7 .  !2H2l 

5 S t o n e  E m b ed m e n t  50 CY $ 1 2 . 50 

6 Se l ec t  Bac k f i l l  2 2 0  C Y  $ 6 . 2 5  

7 M a n h o l e 1 E A  $ 1 0 , 0 0 0 . 00 

8 A i r Re l ease St a t i on s  4 E A  $ 1  ' 8 7 5 . 0 0  

9 A i r R e l ease V a l ves 4 E r� $8 1 2 . 00 

1 0  T i e I n t o  M a i n T r un k L i n e  1 LS $ 2 , 00 fZ! . 00 

Sub t ot a l  

1 5'l. C on t i n g e n c y  

T O TAL 

NOTE S :  

CE25 

9 / 8 8  

BAF 

AMO UNT 

$= 264 ' 200 

$5 ' 1 4 4 

$2 , 8 2 6  

$2 , ill 30 

$62�.J 

$ l  ' 3 7 5  

$ 1 0 , 000 

$7 , 5fZ!0 

$:3 ' 24El 

$ 2 , 000 

- - - - - - - - - ....- - - - .. �· 

$ 2 9 8 , 94El 

$44 , 8 42 
- - - - -------- --

$:�::' :4 :3 ' 79,1 

TH I S  STATE MENT WAS PREPARED U T I L I Z I NG STANDARD COST EST I M ATE P R A C T I C ES . 
I T  I S  UNDERSTOOD AND AGREED T H A T  T H I S  I S  AN EST I I1ATE ONLY , AND THAT 
ENG I N EER SHALL NOT BE L I ABLE T O  OWNER OR TO A T H 1 R D PARTY FOR A N Y  F A I LURE 
T O  ACCURATELY EST I MATE THE C O S T  O F  THE PROJECT , OR ANY PART THEREOF . 

TH I S  STATEMENT DOES NOT I NCLUDE COSTS FOR R I GHT-OF-WAY , ENG I N E E R I NG ,  
SURVEYS F O R  DES I GN AND CON STRUCT I ON STAK I NG ,  A N D  GEOTECHN I CAL 
I NVEST I GA T I ON S . 

B- 1 9  



ALBERT H .  HALFF ASSOC I ATES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X A S  76 1 37 
8 1 7  84 7 - 1 422 

CL I ENT : C I TY OF LUBBOCK 

PROJ ECT : S . LUBBOCK D R A I NAGE STUDY 
FLOOD CONTROL ALTERNAT I V E ,  SYSTEM E - 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 3 7  - FUTURE COND I T I O NS 
ALTERNA T I VE 9 A  

F I LE :  

DATE : 

B Y :  

STATEMENT O F  PROBABLE COST 

C E 26 

9 / 88 

BAF 

I TE M  N O . DESCR I PT I ON QUANT I TY U N I T  P R I CE AMOUNT 

1 F' ump S t a t i o n 1 L .  S .  $ 1 6 7 , 00 0 . 0 0  $ 1 6 7 , 00 0  

2 24 i n c h  PVC P i p e  200 L F  $ 25 . 72 $5 ' 1 44 

-;:' ·-· E:·: c av a t  i on 1 70 C Y  $ 7 . 0 0  $ 1  ' 1 90 

4 S t o n e  E m b e d m e n t  3 0  C Y  $ 1 2 . 50 $375 

5 Se l e c t  Bac k f i l l  1 2 0 C Y  $6 . 25 $750 

6 A i r R e l e a s e  S t a t i o n s  2 E A  $ 1 , 87 5 . 00 $3 , 750 

7 A i r R e l e a s e  V a l ves 2 EA $ 8 1 2 . 0 0  $ 1 , 6 24 

T i e I n t o  M a i n  Tr un k L i n e  1 LS $ 2 , 00 0 . 0 0  $ 2 , 000 

Sub t o t a l  $ 1 8 1 , 833 

1 5 /. C on t i n g e n c y  $ 2 7 , 2 75 

TOTAL $209 , 1 08 

N O T E S :  

TH I S  S T ATEMENT W A S  PRE PARED UT I L I Z I NG STANDAR D  C O S T  E S T I M A T E  P RACT I CES . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  AN E S T I MATE O N L Y , AND THAT 
ENG I NEER SHALL N O T  B E  L I ABLE TO OWNER OR T b  A T H I RD PARTY F O R  ANY F A I LURE 
TO ACCURATELY E S T I MATE THE COST OF THE P R O J E C T , OR ANY P A R T  THEREOF . 

TH I S  S TATEMENT D O E S  N O T  I NCLUDE COSTS FOR R I GHT-OF-WAY , E N G I N E ER I NG ,  
SURVEYS FOR DES I G N AND CONSTRUCT I ON S T AK I NG ,  AND GEOTECHN I CAL 
I N VEST I GAT I ONS . 

B - 2 0  



CL I E N T : C I T Y OF L UBBOCK 

ALBERT H .  HALFF A S S O C I A TES , I N C .  
4000 FOSS I L  CREEK B O U LEVARD 

FORT WORTH , T E X A S  76 1 3 7 
8 1 7  847- 1 42 2  

F I LE :  

PROJ ECT : S . LUBBOCK D R A I NAGE S T U D Y  DATE : 
FLOOD CONTROL A L T E R N A T I VE ,  SYSTEM E - 1  
PUMP GRAV I T Y OUTFALL 
PLAYA 3 1  
ALTER NAT I V E 9A 

B Y : 

S T A T E MENT OF PROBABLE COST 

CE30 

9 / 8 8  

B A F  

I T E M  N O . D ESCR I PT I ON QUANT I T Y U N I T  PR I CE AMOUNT 

1 Pump S t a t i on 1 L . S . $ 1 22 , 8 00 . 00 $ 1 22 , 800 

2 1 8  i n c h  P V C  P i p e  2 , 8 40 L F  $ 1 4 . 1 3  $40 , 1 29 

E x c a v a t i on 2 , 04 4  CY $7 . 00 $ 1 4 , 3 08 

4 S t o n e  Emb e d m e n t  2 6 0  C Y  $ 1 2 . 5 0 $3 , 250 

5 Se l ec t  B a c k f i l l  1 , 6 0 0  C Y  $6 . 25 $ 1 0 , 000 

6 Ma n h o l e 1 E A  $2 , 000 . 00 

7 A i r R e l ease S t a t i o n s  5 EA $ 1 , 8 75 . 00 $9 , 3 75 

8 A i r R e l ease V a l ves 5 E:A $8 1 2 . 00 $4 , 060 

9 T i e I n t o  M a i n T r u n k L i n e  1 L S  $ 1 , 000 . 00 $ 1 , 000 

S u b t o t a l  $206 , 922 

1 5 % C o n t i n g e n c y  $3 1 , 038 

T O T AL $237 , 96 1  

N O T E S : 

TH I S  STATEMENT W A S  PREPARED U T I L I Z I NG S TANDARD C O S T  EST I MATE P R A C T I CE S . 
I T  I S  UNDERST OOD AND AGREED T HAT TH I S  I S  AN E S T I MATE ONLY , AND T H A T  
E N G I NEER SHALL N O T  BE L I ABLE T O  OWNER OR T O  A T H I R D P A R T Y  F O R  A NY F A I LURE 
T O  ACCURATELY E S T I M A T E  THE COST O F  T H E  PROJ E C T , OR ANY PART THEREO F . 

T H I S  STATEMENT DOES N O T  I NC L U D E  COSTS FOR R I GHT-OF-WAY , ENG I N E E R I N G ,  
S U R V E Y S  F O R  D E S I G N AND CONSTRUCT I ON STAK I N G , AND GEO TECHN I CAL 
I N V E S T I G AT I O N S . 

B - 2 1 



A L BERT H .  HALFF ASSOC I A TES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

FORT W O R T H , T E X A S  7 6 1 37 
8 1 7  EH 7 - 1 4 2 2  

C L I ENT : C I TY O F  L UB BOCK F I L E :  

P R O J E C T : S . LUBBOCK D R A I NAGE STUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 27 
ALTERNAT I VE 9A 

D A T E : 

B Y :  

S T A TEMENT O F  PROBABLE COST 

I TE M  NO . D E S C R I P T I ON Q U A N T I TY UN I T  P R I CE 

1 P ump S t a t i on 1 LS $ 9 4 , 50121 . 1210 

,
., 1 2  i n c h  P V C  P i p e  .. � 3 , 2 5 (2)  LF :$ 5 . 80 

·� 
.... • El·: c a vat i on 1 , 9 5 121  CY $ 7 . 0 121  

4 S e l  e!: t  B a c k f i l l  1 , 6 1210 C Y  $ 6 . 2 5  

5 S t o n e  E m b e d m.e n t  1 5 121 CY $ 1 2 . 50 

6 M a n h o l e 1 E A  $ 2 , 0f2l121 . 0 0  

7 A i r R e l e a s e  S t a t i on s  2 E A  $ 1 , 87 5 . 0121 

8 A i r R e l e a s e  V a l ves 2 EA $: 8 1 2 .  1210 

9 T i e I n t o  M a i n Tr u n k L i n e 1 LS :U , 1210QJ . 0QJ 

1 121  S t r e e t  R ep a i r 6 5 0 0  SF �t 3 .  (2)0 

Su b t ot a l  

1 5 % C on t i n g e n c y  

TOTAL 

NOTES � 

CE 1 8  

9 i 88 

B AF 

AMOUNT 

$94 , 50121 

$ 1 8 , 85 f2l  

$ 1 3 , 6 50 

:.U 0 , 00f2l 

$ 1 , 8 7=i 

$2 , 121121121 

$3 , 750 

$ 1 , 6 2 4  

$ 1 , IZHZH2l 

$ 1 9 , 5 0QJ 

- - - - - - - -- -----

$ 1 6 6 , '7 4 9  

$25 ' 0'1 2 
--------- - - - - -

$ 1 9 1 , 7 6 1  

T H I S  STATEMENT W A S  PREPARED UT I L I Z I NG S T A N D AR D  COST EST I M A T E  PRACT I CES . 
I T  I S  U N DERSTOOD A N D  AGREED THAT T H I S  I S  A N  EST I MATE ONLY , A N D  THAT 
ENG I NEER SHALL N O T  B E  L I ABLE TO OWNER O R  TO A T H I RD PARTY F O R  A N Y  FA I LURE 
T O  ACCURATELY EST I MATE THE COST OF T H E  P R O J EC T , OR ANY P A R T  THEREOF . 

TH I S  S T ATEMENT D O E S  N O T  I N CLUDE COSTS FOR R I G H T -OF-WA Y , E N G I NEER I NG ,  
SURVEYS FOR DES I GN A N D  CONSTRUCT I ON STAK I NG ,  AND GEOTECH N I C A L  
I N VEST I GA T I O NS .  

B -2 2  



C L I EN T : C I T Y O F  LUBBOCK 

ALBERT H .  HALFF A SSOC I A TES , I NC .  
4000 FOSS I L  CREEK B OULEVARD 

FORT WORTH , T E X A S  7 6 1 37 
8 1 7  8 47 - 1 42 2  

F I L E :  

PROJECT : S . LUBBOCK DRA I N A G E  S T U D Y  DATE : 
F L O O D  CONTROL ALTERNAT I VE , SYSTEM E - 1  
PUMP GRAV I T Y O U T F A L L  
PLAYA 26 
A L TERNAT I VE 9A 

B Y : 

S T A TE MENT O F  PROBABLE C O S T  

CE 1 9  

9 / 8 8  

B A F  

I TE M  N O . DESCR I P T I O N QUANT I T Y UN I T  PR I C E AMOUNT 

1 Pump S t at i on 1 L . S .  $90 , 9 00 . 0 0 $90 , 900 

1 8  i n c h  PVC P i p e  200 LF $2 , 826 

3 E >� c avat i an 1 3 3 CY $7 . 0 0  $93 1 

4 S t o n e  Emb e d m e n t  1 5  C Y  $ 1 2 . 50 $ 1 88 

5 S e l e c t  Bac k f i l l  93 CY $6 . 2 5 $58 :1. 

6 M an h o l e 1 E A  $2 , 000 . 1210 $2 , 000 

7 A i r R e l ease S t a t i on s  2 E A  $ 1  ' 8 75 . 0 0  $3 , '750 

8 A i r R e l ease V a l ves 2 E A  $ 8 1 2 . 1210 $ 1  ' 624 

9 T i e I n t o  M a i n T r u n k L i n e 1 L S  $ 1  ' 000 . 0 0  

S u b t o t a l  $ 1 03 , 800 

1 5/. C on t i n g e n c y  $ 1 5 , 57 0  

TOTAL $ 1 1 9 ,  �.)nl 

NOTE S :  

TH I S  STATEMENT WAS PREPARED UT I L I Z I NG STANDARD COST EST I MATE PRACT I CES . 
I T  I S  U N D E RSTOOD A N D  AGREED THAT TH I S  I S  A N  E S T I MATE ONLY ¥ AND THAT 
E N G I NEER SHALL NOT BE L I ABLE TO OW NER OR T O  A T H I R D PARTY FOR ANY F A I LURE 
T O  A CCURATELY EST I MATE THE COST O F  THE PROJECT , OR ANY PART THEREO F . 

TH I S  STATEM ENT DOES N O T  I NC L U D E  COSTS FOR R I G H T - OF-WA Y , ENG I NEER I NG ,  
SURVEYS FOR DES I G N A N D  C ONSTRUCT I ON STAK I N G , A N D  GEOTECH N I C AL 
I N V E S T I G A T I ON S .  

B-23 



ALB ERT H .  HALFF A SSOC I A TES , I NC .  
4000 F O S S I L  CREEK BOULEVARD 

FORT W O R T H , T E X A S  76 1 37 
8 1 7  847- 1 422 

CL I ENT : C I T Y OF L UBBOCK F I LE :  

PROJECT : S . LUBBOCK D R A I NAGE STUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - 1 
PUMP GRAV I TY OUTFALL 
PLAYA 2 5  
r:�L TERNAT I V E  9 A  

DATE : 

B Y : 

STATE MENT O F  P R O BABLE COST 

I TEM NO . D ESCR I PT I ON QUANT I TY U N I T  P R I CE 

CE20 

9 / 8 8  

B A F  

AMOUNT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - -

1 Pump S t a t i on 

2 1 8  i n c h  P V C  P i p e  

3 EN c a vat i o n 

4 S t e n e  E m b e d m e n t 

5 S e l e c t  Bac k f i l l  

6 Man h o l e 

7 A i r R e l e a s e  S t a t i o n s / V a l ves 

8 T i e I n t o  M a i n  T r u n k  L i n e  

9 B or e / Tu n n e l  

1 0  S t r e e t  R ep a i r 

Su b t o t a l  

1 5 % Con t i n g e n c y  

TOTAL 

N O TE S :  

1 

1 ' 8 5 0  

1 ' 290 

1 2 2 

950 

1 

2 

1 

200 

4 9 5 0  

L . S .  $96 , 00 0 . 00 $96 , 00 0  

L F  $ 1 4 . 1 3  $26 ' 1 4 1  

C Y  $ 7 . 00 $9 , 030 

C Y  $ 1 2 . 50 $ 1 , 52 5  

C Y  $ 6 . 2 5  $5 , 9 3 8  

E A  $ 2 , 00 0 . 00 $ 2 , 00 0  

EA $ 2 , 68 7 . 00 $5 , 3 74 

L S  $ 1 , 00 0 . 00 $ 1  ' 00 0  

L F  $ 1 00 . 00 $20 , 000 

SF $ 3 . 0 0  $ 1 4 , 85 0  

$ 1 8 1 , 8 57 

$27 , 279 

$209 ' 1 36 

TH I S  STATEMENT W A S  PREPARED UT I L I Z I NG STANDARD COST E S T I M A T E  P R AC T I C E S .  
I T  I S  U N D ERSTOOD A N D  A GREED THAT T H I S  I S  A N  EST I MATE O N L Y , AND T H A T  
ENG I NEER S H A L L  N O T  B E  L I A B LE TO OWNER OR T O  A T H I R D P A R T Y  FOR A N Y  FA I LURE 
T O  ACCURATELY E S T I MATE THE COST OF T H E  P R O J E C T , OR ANY PART THER E O F . 

T H I S  STATEMENT D O E S  N O T  I N CLUDE COSTS FOR R I G H T - OF-WA Y , E N G I N E E R I NG ,  
SURVEYS FOR DES I GN A N D  CONSTRUCT I ON S T AK I NG ,  AND GEOTECHN I CAL 
I N VEST I GAT I ONS . 

B-24 



ALBERT H .  HALFF A S S O C I A TES , I N C .  
4000 FOSS I L  C R E E K  BOU LEVARD 

FORT WORTH , TE X AS 7 6 1 37 
8 1 7  84 7 - 1 4 2 2  

CL I E NT : C I T Y OF LUBBOCK 

P R O J E C T : S . LUBBOCK D R A I NA G E  S T U D Y  
FLOOD C O N T R O L  ALTERNAT I VE ,  S Y S T E M  E - 1 
PUMP GRAV I TY O U T F A L L  
P L A Y A  2 4  
(.iL TEF� NAT I VE 9 A  

F I LE : 

DAT E : 

BY : 

STATEM ENT OF PROBABLE C O S T  

I TE M  NO . DESCR I PT I 01\1 

1 P u m p  St a t i o n 

2 1 8  i n c h  PVC P i p e  

4 S t o n e  Emb ed m e n t  

5 S e l e c t  Bac k f i l l  

6 i"l a n h o l  e 

7 A i � R e l ease St a t i o n s  

8 A i r R e l e a s e  Va l v e s  

9 T i e I n t o  M a i n Tr u n k L i n e  

1 !2!  Bor e / T u n n e l  

S u b t o t a l  

:1. 5 %  C on t i n g en c y  

TOTAL 

N O T E S :  

QUANT I T Y 

1 

3 0 12)  

7 0  

1 0  

5 0  

1 

·� ..:� 

'? 
..:.. 

1 

2(2)0 

UN I T  PR I CE 

L . S .  $90 , 90 0 . 0 0  

L F  $ 1 4 . 1 3  

C Y  �: 7 .  0 0  

CY $ l2 . 512l 

CY $ 6 . 2 5  

E A  $2 , 0 0121 . 121 0  

E?"� $ 1 , 8 75 . 0 0  

EA �'1:= 8 1 2 .  0 0  

L S  $ 1 , 0 00 . 0 121 

L F  :t: :L 121 (2) • 0 0 

CE2 :1. 

9 / 88 

BAF 

AMOUNT 

$90 , 9 12112) 

$4 , 23 9  

$490 

$ 1 25 

:*: 3 1 3  

:t- 2 , 00 0  

:t 3 , 7 51Zl 

:$= 1. ' 62 4  

$ 1  ' 0 00 

$2!ZJ , !ZJ(2)(Z! 

- - - - - - - - - - - - - -

$ 1 24 , 44 1  

:f1 8 , 66 6  
- - - - - - - - - - - -- - -

$ 1 4::::: , 1 07 

TH I S  S T ATEMENT WAS P R E P A R E D  U T I L I Z I N G S T A N D A R D  COST EST I MATE PRACT I C ES . 
I T  I S  UNDERSTOOD AND A G R E E D  T H A T  TH I S  I S  A N  E S T I MATE ONL Y , A N D  THAT 
ENG I NEER SHALL NOT BE L I ABLE TO OWNER DR T O  A T H I RD P A R T Y  FOR ANY F A I LURE 
T O  ACCURATELY EST I MATE T H E  C O S T  OF THE P R O J E C T , OR ANY PART THEREO F . 

T H I S  S TATEMENT DOES N O T  I NCLUDE COSTS F O R  R I G H T-OF-WAY , ENG I NE E R I N G ,  
SURVEYS F O R  DES I GN AND CONSTRUCT I ON STAK I NG ,  A N D  GEOTECHN I C AL 
I N VEST I GAT I ON S . 

B -· 2 5  



C L I ENT : C I T Y OF L UBBOCK 

ALBERT H .  HALFF ASSOC I A TES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X AS 76 1 37 
8 1 7  8 4 7 - 1 4 22 

F I L E :  

�ROJECT : S .  LUBBOCK D R A I NA G E  STUDY DATE : 
FLOOD CONTROL A L TERNAT I V E ,  SYSTEM E - 1 
PUMP G RAV I T Y OUTFALL 
PLAYA 23 
ALTERNAT I V E 9A 

BY : 

STATEMENT O F  PROBABLE COST 

CE22 

9 / 88 

B A F  

I TE M  NO . DESCR I P T I ON QUANT I TY UN I T  PR I CE AMOUNT 

1 Pump S t a t i o n 1 L . S .  $7 1 , 8 0 0 . 00 $7 1 , 8 0 0  

2 1 2  i n c h  P V C  P i p e  300 LF $ 5 . 8 0  $ 1 , 74 0  

Ex c av a t i o n 4 0  CY $7 . 00 $280 

4 S t o n e  E m b e d m e n t  1 0  CY $ 1 2 . 5 0 $ 1 2 5 

5 S e l e c t  Bac k f i l l  30 C Y  $6 . 25 $ 1 88 

6 Ma n h o l e 1 E A  $2 , 00 0 . 0 0  

7 A i r R e l ease S t a t i on s  2 EA $ 1 , 8 7 5 . 0 0 $3 , 750 

8 A i r ' R e l ease V a l ves 2 EA $ 8 1 2 . 00 $ 1 , 62 4  

9 T i e  I n t o  M a i n Tr u n k L i n e  1 L S  $ 1 , 00 0 . 00 $ 1 , 0 00 

1 0  Bor e / Tun n e l  200 LF $ 1 0 0 . 0 0  

Sub t o t a l  $ 1 02 , 507 

1 5 % C on t i n g e n c y  $ 1 5 , 3 7 6  

TOTAL $ 1 1 7 , 8 82 

NOTE S :  

TH I S  STATEMENT WAS PREPARED U T I L I Z I NG S TANDARD COST EST I MATE P R A C T I CES . 
I T  I S  UNDERSTOOD A N D  AGREED T H A T  TH I S  I S  A N  EST I MATE ONLY , AND T H A T  
ENG I NEER SHALL N O T  B E  L I ABLE T O  OWNER OR T O  A T H I RD P A R T Y  F O R  A N Y  FA I LURE 
TO ACCUR ATELY E S T I MATE THE COST OF THE P R O J E C T , O R  ANY PART THEREOF . 

TH I S  STATEMENT D O E S  NOT I NCLUDE COSTS FOR R I GHT-OF-WA Y ,  E N G I NEER I NG ,  
SURVEYS FOR DES I G N A N D  CONSTRUCT I ON S T AK I N G ,  A N D  GEOTECHN I CAL 
I N VEST I GAT I O NS . 

B-26 



A L BERT H .  HALFF A S S O C I A TES , I NC .  
4000 FOSS I L  C R E E K  B O U LEVARD 

FORT WORTH , T E X AS 76 1 37 
8 1 7  8 4 7 - 1 42 2  

C L I EN T : C I T Y O F  LUBBOCK F I LE :  

PR O J E CT : S . LUBBOCK D R A I N A G E  STUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - 1  
PUMP GRAV I TY OUTFALL 
PLAYA 1 9  
ALTERNAT I VE 9A 

DAT E :  

B Y :  

S T A TE MENT O F  P R O B A B L E  COST 

I TE M  N O . DESCR I P T I ON QUANT I T Y UN I T  PR I CE 

1 Pump S t at i on 1 L .  s .  $7 1 , 80 0 . 00 

2 1 2  i n c h  P V C  P i p e 2 0 0  L F  $ 5 . 80 

3 E:-: c av at i on 40 CY $ 7 . 1l1 0  

4 S t o n e  E m b e d m e n t  1 0  C Y  $ 1 2 . 50 

5 Se l ec t  Bac k f i l l  30 CY $6 . 2 5 

6 M a n h o l e 1 E A  $ 2 , 000 . 0 0 

7 A i r R e l e a s e  S t a t i on s  2 EA $ 1  ' 87 5 . 00 

8 A i r R e l e a s e  V a l ves 2 E A  :$= 8 1 2 .  00 

9 T i e I n t o  M a i n T r u n k L i n e  1 LS $ 1  ' 0 (2)0 . (2)(2) 

1 0  Bor e / Tun n e l  1 00 LF $ 1 00 . 00 

Sub t o t a l  

1 5/. Con t i n g en c y  

TOTAL 

N O T E S : 

CE23 

9 / 8 8  

B A F  

AMOUNT 

$7 1 , 80 0  

$ 1 ' 1 6 0 

$280 

$ 1 2 5 

$ 1 88 

$ 2 , (21(2)(2) 

$3 , ? 50 

$ 1  ' 62 4  

$ 1  ' 0 017.1 

$ 1 0 , 00 0  

- -- ---- -- - - - - -

$9 1 , 9 27 

$ 1 3 , 7 8 9  
- -- - - - -- -- - - - -

$ 1 0 5 , 7 1 5  

T H I S  STATEMENT W A S  PREPARED U T I L I Z I NG S T A N D A R D  COST EST I MATE PRACT I CES . 
I T  I S  UNDERSTOOD A N D  A G R E E D  THAT TH I S  I S  A N  EST I MATE ONLY , AND THAT 
EN G I N E E R  SHALL NOT B E  L I A B L E  T O  OWNER DR T O  A T H I RD PARTY F O R  A N Y  F A I LURE 
TO ACCURATELY EST I MATE THE COST OF THE PROJ E C T , O R  ANY PART THER E O F . 

TH I S  STATEMENT D O E S  NOT I NC L U D E  COSTS FOR R I GHT-OF-WA Y , E N G I NE ER I NG ,  
S U RVEYS FOR DES I G N A N D  CONSTRUCT I ON STAK I N G ,  AND GEOTECHN I CAL 
I NV E S T I GA T I ONS . 

B - 2 7  



AL BERT H .  HALFF ASSOC I ATES , I NC .  
401210 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X A S  76 1 37 
8 1 7  8 4 7 - 1 4 2 2  

C L I ENT : C I TY OF LUBBOCK 

PR O J E C T : S .  L UBBOCK D R A I NAGE S T U D Y  
F L O O D  C O N T R O L  ALTERNAT I VE ,  S Y S T E M  E - 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 20 
AL l' ERNAT I VE 9A 

F I LE :  

DATE : 

BY : 

STATEMENT O F  PROBABLE COST 

I TE M  NO . DESCR I P T I ON 

1 Pump S t a t i o n 

2 1 2  i n c h  PVC P i p e 

3 E:-: c av a t i o n 

4 S t o n e  Emb e d m e n t  

5 Se l ec t  B a c k f i l l  

6 Man h o l e 

7 A i � Re l ease S t a t i on s  

8 A i � Re l e a s e  V a l v e s  

9 T i e I n t o  M a i n T� un k L i n e  

1 0  S t � e e t  Rep a i � 

Sub t o t a l  

1 5% Con t i n g e n c y  

TOTAL 

NOTE S :  

QUANT I TY 

1 

4 '  1 60 

1 , 70 0  

1 9121 

1 , 3121121 

1 

3 

3 

1 

832121 

U N I T  P R I CE 

L .  s .  $97 , 700 . 0 0  

LF $ 5 . 8 0  

C Y  $ 7 . 0 0  

C Y  $ 1 2 . 50 

CY $ 6 . 2 5 

EA $ 2 , 121121 121 . 00 

E A  $ 1 , 87 5 . 121121 

E A  $ 8 1 2 . 121 121  

L S  $ 1  ' 00121 . 121 121  

S F  $ 3 . 1210 

CE24 

9 / 8 8  

B A F  

AMOUNT 

$ 9 7 , 700 

$24 ' 1 28 

$ 1 1 , 9 1210 

$ 2 , 375 

$ 8 ' 1 25 

$ 2 , 121121121 

$5 , 625 

$ 2 , 436 

$ 1 , 121 1210 

$24 , 96121 

-- -- - - - -- - - - --

$ 1 80 , 2 49 

$ 2 7 , 12137 
- - - - - - - - - - - - -· -

$21217 , 2 86 

TH I S  STATEMENT WAS PREPARED U T I L I Z I NG STANDARD COST E S T I M A T E  P R A C T I CE S . 
I T  I S  UNDERSTOOD A N D  AGREED THAT TH I S  I S  A N  E S T I MATE O N L Y , AND THAT 
ENG I NEER SHALL NOT B E  L I ABLE T O  OWNER O R  T O  A TH I RD PARTY F O R  A N Y  F A I LURE 
T O  ACCURATELY EST I M A T E  THE COST OF THE P R O J E C T , OR ANY PART THEREOF . 

TH I S  STATEM ENT DOES N O T  I NCLUDE COSTS F O R  R I G H T -OF-WAY , E N G I NEER I NG ,  
SURVEYS FOR DES I GN A N D  CONSTRUCT I ON STAK I NG ,  AND GEOTECHN I CAL 
I N VEST I GA T I ONS . 

B - 2 8  

... 



A L BERT H .  H A L F F  ASSOC I ATES , I NC .  
4000 FOSS I L  C RE EK B OULEV ARD 

FORT WORTH , T E X A S  76 1 3 7 
8 1 7  8 4 7 - 1 42 2  

C L I E N T :  C I T Y O F  L UBBOCK F I LE :  

PROJ E CT : S .  LUBBOCK D R A I NAGE S T UDY 
M A I N  TRUNK L I NE ALONG LOOP 289 
LO WER SYS . E - 1 LAKES F OR ADD I TONAL 
S T ORAGE , 48 I N CH P I PE .  
1 4  DAY D R A I N  
A L TERNAT I VE 98 

DA T E :  

BY : 

ST ATEMENT OF PROBABLE COST 

I TE M  N O . DESCR I P T I O N QUANT I TY UN I T  PR I CE 

1 4 8 " R . C . P .  i n  p l ac e  5 2 , 80 0  LF $ 8 5 . 00 

2 T r en c h  S a f e t y 5 0 , 3 5 0  LF $ 1 . 25 

3 M a n h o l es 1 0  EA $ 2 , 000 . 00 

4 S t r ee t.  R e p a i r 3 0 5 , 24 6  SF :t- 3 .  00 

5 Out l e t S t r u c t u r e  :l LS $ 10 ' IZJ(2)(2) . 0 0  

6 U t i l i t i es A d j u s t m e n t s  1. LS :t- 20121 q 000 a 00 

7 B o r i n g / Tun n e l i n g 2 , 4 5 0  L F  $200 . 00 

S u b t o t a l  

1 5 �� C a n t  i n g en c y  

T O TAL 

N O T E S : 

CE40 

9 / 88 

BAF 

AMOUNT 

$4 , 488 , 000 

$62 , 9 38 

$20 , 000 

$ 9 1 5 , 738 

:$: 1 0 , 0 00 

$490 , 0 0(ZI 

$928 , iZHZl 1 

$7 , 1 1 4 , 6 77 

TH I S  S T A T E MENT WAS P R E P A R E D  U T I L I Z I NG S T A N D A R D  COST EST I MATE PRACT I C ES . 
I T  I S  UND ERSTOOD AND A G R E E D  THAT TH I S  I S  AN E S T I MATE ON L Y , AND THAT 
E N G I N E E R  SHALL N O T  B E  L I ABLE TO OWNER O R  TO A TH I R D PARTY FOR ANY FA I LURE 
T O  ACCURATELY EST I MATE T H E  COST O F  THE PROJ ECT , O R  ANY PART THEREO F . 

T H I S  S T A T E MENT DOES N O T  I N CLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NE ER I N G ,  
S U R V E Y S  FOR DES I GN AND CON STRUCT I O N STAK I N G ,  AND GEOTECH N I C A L  
I N VES T I GA T I ON S . 

B - 2 9  



ALBERT H .  HALFF A SS O C I A TES , I N C .  
4000 FOSS I L  CREEK B O ULEVARD 

FORT WORTH , T E X A S  7 6 1 37 
8 1 7  8 4 7 -· 1 4 2 2  

CL I EN T : . C I T Y OF L U B B O C K  F I L E :  

P R O J E CT : S .  LUBBOCK D R A I NAGE STUDY DATE : 
FLOOD CONTROL ALTERNAT I V E ,  SYSTEM E- 1 
PUMP GRAV I T Y OUTFALL B Y : 
PLAYA 37 - E X I S T I N G COND I T I ONS , 1 4  DAY DRA I N  
A L T ERNAT I VE 9B 

STATE MENT OF PROBABLE COST 

C E 3 8  

9 / 8 8 

B A F  

I TE M  NO . DESCR I P T I O N QUANT I T Y UN I T  PR I CE A MOUNT 

1 P u m p  S t a t i on 1 L .  s .  $66 , 20 0  

�:z 24 i n c h  PVC P i p e  2 0 0  LF $2 5 a 72 $5 ' 1 4 4 

":! 
·-· 1 8  i n c h  PVC P i p e  200 LF $ 1 4 . 1 3  $2 , 826 

4 E}: c a v a t i on 290 C Y  $ 7 . 00 $ 2 , 0312) 

1:' �� S t o n e  Emb e d m e n t  5 0  (" '  J y  $62�5 

6 S e l e c t  Bac k f i l l  2 :7� 0 CY $ 6 . 25 $ 1  ' 3 7 5  

7 Man h o l e 1 EA $ UZI , 0 0 121  • 0121 $ 1 0 , 00(2) 

. 
8 A i r R e l ease S t a t i o n s  4 E A  $ 1 , 87 5 . 1210 $7 , 50121 

9 l� i I"' R e l e ase V a l ves 4 EA $ 8 1 2 . 00 

1 0  T j. e I n t o  Ma i n  T r- u n k L i n e  :L L. S �t2 '  000 . 0lZI 

Sub t o t a l  $ 1 00 , 94B 

1 5 /. C on t i n g e n c y  $ 1 5 , 1 4 2 

TOTAL $ 1 1 6 , 0 90 

N O TES : 

TH I S  STAT EMENT WAS P REPARED U T I L I Z I NG S TANDARD COST EST I M A T E  PRACT I C E S . 
I T  I S  UNDERSTOOD AND AGREED T H A T  TH I S  I S  AN E S T I MATE ONLY , AND THAT 
E N G I N EER SHALL N O T  B E  L I ABLE T O  OWNER O R  TO A T H I RD PARTY FOR ANY F A I LURE 
T O  ACCURATELY EST I M A T E  THE COST OF THE P R O J E C T , OR ANY PART THEREO F . 

TH I S  STATEMENT DOES N O T  I NCLUDE COSTS FOR R I GHT-OF-WAY , ENG I NEER I N G ,  
SURVEYS FOR DES I GN AND CONSTRUCT I ON STAK I NG ,  AND GEOT ECHN I C AL 
I NVEST I GA T I ONS . 

B - 3 0  



ALBERT H .  HALFF A S S O C I A TES , I N C .  
4000 FOSS I L  C R E E K  BOUL EVARD 

FORT WORTH , T E X AS 7 6 1 37 
8 1 7  8 4 7 - 1 422 

C L I EN T : C I TY OF LUBBOCK F I L E :  

PR O J E C T : S . LUBBOCK DRA I N A G E  STUDY DATE : 
F LOOD CONTROL A L T E RNAT I VE ,  SYSTEM E - 1  
PUMP GRAV I TY OUTFALL B Y : 
P L A YA 37 - FUTURE COND I T I O NS , 1 4  D A Y  D RA I N  
ALTER NAT I VE 9B 

STATEMENT O F  PROBABLE COST 

CE39 

9 / 8 8 

B A F  

I TE M  N O . DESCR I PT I ON Q U A N T I T Y U N I T  F'R I CE AMOUNT 

1 PLimp S t a t i o n 1 L . S .  $ 1 6 "7 ' 000 . 00 $ 1 67 , 0012) 

2 24 i n c h  P V C  P i p e  2 !ZHZI  LF $ 2 5 . 7 2 $5 ' 1 4 4 

"'!!' 
·-· E:-: c a v a t  i on 1 7 0 CY $ 7 . 0 0  $ 1  ' 1 90 

4 Stone Emb e d m e n t  3 0  CY $ 1 2 . 5 0 

5 S e l e c t  B a c k f i l l  1 20 CY $6 . 2 5 $75V.'J 

6 A i r- R e l ease S t a t i o n s  2 E A  :t l ' 87 5 . 00 $3 , 750 

7 A i r- R e l ease V a l v e s  2 EA $8 1 2 . 012! $ 1  ' 6 ��4 

8 T i e I n t o  M a i n T r- Lin k L i n e 1 LS �:2 '  000 . 0(Zl $2 � 000 

SLib t o t a l  $ 1 8 1  , 8 3::-�; 

1 5 /. C on t i n g e n c y  $27 , 2 7 5  

T OTAL $209 , 1 0El 

N O T E S : 

TH I S  S T A T E MENT WAS P R E P A R E D  U T I L I Z I NG S T A N D ARD COST EST I M A T E  P RACT I C ES . 
I T  I S  U N D ERSTOOD AND A G R E E D  THAT TH I S  I S  A N  E S T I MATE ONLY , AND THAT 
E N G I N E E R  S HALL N O T  B E  L I A B LE T O  OWNER O R  T O  A T H I RD PARTY FOR A N Y  FA I LURE 
T O  A C CU R A T ELY EST I MATE THE COST OF THE P R O J E C T , OR ANY PART THEREOF . 

TH I S  S T A T E MENT DOES N O T  I NCLUDE COSTS F O R  R I GHT-OF-WA Y , E N G I NE E R I N G ,  
SURVEYS F O R  D E S I GN AND CON STRUCT I ON S T A K I N G ,  AND GEOTECHN I C AL 
I NV ES T I GA T I ON S . 

B - 3 1 



ALBERT H .  HALFF ASSOC I A T E S , I NC .  
4000 FOSS I L  CREEK B O ULEVARD 

FORT WORTH , TE X A S  7 6 1 37 
8 1 7  8 4 7 - 1 422 

CL I EN T : C I TY OF LUBBOCK F I L E :  

PROJECT : S . LUBBOCK D R A I N A G E  S TUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 3 1 , 1 4  DAY DRA I N  
f'-iL T ERNAT I VE 9B 

- DA T E : 

B Y : 

STATEMENT OF P R O B AB LE £0ST 

I TE M  N O . DESCR I P T I ON QUAN T I TY U N I T  PR I CE 

1 Pump S t a t i on 1 L . S .  $72 , 0121121 . 121121 

2 , 8 4121 L F  $ 1 4 . 1 3  r� 1 8  i n c h  PVC P i p e  .. ::. 

�::: EN c av a t i o n 2 , 044 CY $ 7 . 121 121  

4 S t o n e  Emb e d m e n t 2 6 121  C Y  $ 1 2 . 5121 

5 Se l ec t  Bac k f i l l  1 ' 6 121121 C Y  $ 6 . 25 

6 M an h o l e 1 E A  $2 , 121121 121 . 121121 

7 A i r R e l ease S t at i on s  5 E A  $ 1 , 8 7 5 . 121121 

E3 A i r R e l ease V a l ves 5 E A  $8 1 2 . 0121 

9 T i e I n t o  M a i n T r u n k L i n e  1 LS $ 1 , 121 121121 . 121 121  

Sub t o t a l  

:l 5/. Con t i n g e n c y  

TOTAL 

NOTE S :  

CE4�::: 

9 / 88 

B A F  

A MO UNT 

$72 , 0121121 

$4121 ' 1 29 

$ 1 4 , 31218 

$ 3 , 25121 

$ 1 121 , 121121121 

$2 , 01210 

$9 , 375 

$ 4 , 06121 

$ 1 , 121 1210 

-- - - - - --- - - -- -
$ 1 56 '  1 22 

$ 23 , 4 1 8  
- ---- --- ---- --

$ 1 79 , 54 1  

TH I S  STATEMENT WAS PREP ARED UT I L I Z I NG S T A N DARD COST EST I M A T E  P R A C T I CE S . 
I T  I S  UNDERSTOOD AND AGREED T H A T  TH I S  I S  A N  E S T I M A T E  ONLY , A N D  T H A T  
ENG I NEER SHALL N O T  B E  L I ABLE TO OWNER OR TO A T H I R D P A R T Y  FOR A N Y  F A I LURE 
TO ACCURATELY E S T I M A T E  THE COST OF THE P R O J E C T , OR ANY PART T HEREOF . 

TH I S  STATEMENT DOES N O T  I NCLUDE COSTS FOR R I G H T-OF-WA Y , ENG I NEER I NG ,  
SURVEYS FOR DES I G N AND CONSTRUCT I ON S T AK I NG ,  AND GEOTECHN I CAL 
I N VEST I GA T I ONS . 

B-32 



ALBERT H .  HALFF ASSOC I A TES , I N C .  
4000 FOSS I L  C R E E K  BOULEVARD 

FORT WORTH , T E X A S  76 1 37 
8 1 7  8 4 7 - 1 422 

C L I E N T : C I TY OF L UBBOCK 

PRO J E C T : S . LUBBOCK DRA I N A G E  STUDY 
FLOOD CONTROL AL TERNAT I VE ,  SYSTEM E - 1 
PUMP GRAV I T Y O U T F A LL 
P L AYA 27 - 1 4  DAY DRA I N  
ALTERN AT I V E 98 

F I L E :  

DATE : 

B Y : 

STATEMENT OF PROBAB LE COST 

CE3 1 

9 / 8 8 

BAF 

I TE M  NO . DESCR I P T I O N QUANT I T Y UN I T  P R I C E AMOUNT 

1 Pump St a t i on 1 L S  $69 , 00 0 . 0 0  $69 , 00 0  

2 1 2  i n c h  PVC P i p e  3 , 250 LF $ 5 . 8 0  $ 1 8 , 8 50 

E x c av a t i o n 1 , 950 CY $ 7 . 0 0  $ 1 3 , 6 50 

4 S e l e c t  B a c k f i l l  CY $ 6 . 25 

5 S t on e  E m b e d men t 1 5 0 CY $ 1 2 . 50 $ 1 , 8 75 

6 M a n h o l e 1 E A  

7 A i r R e l ease S t a t i on s  EA $ 1 , 8 75 . 0 0 $3 , 750 

8 A i r R e l e a s e  V a l v e s  E A  $ 8 1 2 . 0 0  $ 1 , 624 

9 T i e I n t o  M a i n T r u n k L i n e  1 L S  $ 1 , 0 0 0 . 0 0  

1 0  S t r e e t  R ep a i r 6 50 0  SF $ 3 . 0 0  $ 1 9 , 5 00 

S u b t ot a l  $ 1 4 1 , 2 49 

1 5% C o n t i n g en c y  $2 1 , 1 8 7 

TOTAL $ 1 6 2 , 436 

N O TE S �  

TH I S  STATEMENT W A S  PREPARED UT I L I Z I NG STANDARD COST E S T I M A T E  PRACT I C ES . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  AN EST I M A T E  O N L Y , A N D  THAT 
ENG I NEER SHALL NOT B E  L I ABLE TO OWNER O R  TO A TH I R D PARTY FOR A NY FA I LURE 
T O  ACCURATELY E S T I M A T E  T H E  COST OF THE P R O J E C T , OR ANY P A R T  T H E REOF . 

T H I S  STATEMENT D O E S  N O T  I N CLUDE COSTS FOR R I GHT-OF-WA Y , E N G I N E ER I N G ,  
S U R V E Y S  FOR D E S I GN AND CONSTRU CT I O N STAK I N G ,  AND GEOTECHN I C AL 
I N V E S T I GA T I ONS . 

B - ­-�� 



ALBERT H .  HALFF ASSOC I A T E S , I N C .  
4000 FOSS I L  C R EEK BOULEVARD 

FORT WORTH , T E X A S  76 1 37 
!3 1 7  8 4 7 - 1 42 2  

CL I EN T : C I T Y OF L UBBOCK 

PROJECT : S . LUBBOCK D R A I NAGE STUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - l  
PUMP GRAV I T Y OUTFALL 
PLAYA 26 - 1 4  DAY DRA I N  
I�LTERNAT I V E 9 B  

F I LE : 

DATE � 

B Y : 

STATEMENT OF PROBABLE COST 

C E 32 

9 / 88 

B A F  

I TE M  N O . DESCR I P T I ON QUANT I T Y U N I T  PR I CE AMOUNT 

1 Pump S t a t i o n 1 L .  S .  $72 , 000 . 00 $72 , 000 

2 1 8  i n c h  PVC P i p e  200 L F  $ 1 4 . 1 3  $2 , 826 

'":!" E>: c a v a t  i on ·-· 1 33 CY $ 7 . 0 0  $93 1 

4 S t o n e  Emb ed m e n t  1 5  C Y  $ 1 8 8 

5 S e l e c t  Bac k f i l l  9 :'!;  CY :t-6 . 25 $ 5 8 l. 

6 M a n h o l e 1 E A  $2 , 00 0 . 0 0  $ 2 , 000 

7 A i r R e l ease S t a t i o n s  2 EA $3 , '750 

8 A i r 'Re l ea s e  V a l v e s  2 E A  $ 8 1 2 . 0 0  

9 T i e I n t o  M a i n T r u n k L i n e  1 i C  _ ._,  $ 1  ' 000 . 0 0  $ 1  , eJ0IZI 

S ub t ot a l  

1 5 % Co n t i n g e n c y  :$: 1 2  ' 73:'i 

TOTAL 

N O T E S : 

TH I S  STA TEMENT WAS P R E PARED UT I L I Z I NG STANDARD COST EST I MATE P R A C T I CE S . 
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  AN E S T I MATE ONLY , AND T H A T  
ENG I N E E R  S H A L L  NOT B E  L I ABLE TO OWNER OR T O  A T H I RD PARTY FOR A N Y  FA I LURE 
T O  A CCURATELY EST I MATE T H E  COST OF THE P R O J ECT , O R  ANY P AR T  THEREOF . 

TH I S  STATEMENT DOES N O T  I NCLUDE COSTS FOR R I G H T -OF-WA Y , ENG I NEER I N G ,  
SURVEYS FOR DES I G N AND C O N S TRUCT I O N STA K I N G , AND GEOTECH N I CAL 
I N VEST I GAT I O NS . 

B-34 



ALBERT H .  H A L F F  A SSOC I ATES , I N C .  
4000 F O S S I L  CREEK BOULEVARD 

FORT W O R T H , T E X AS 7 6 1 3 7  
8 1 7  8 4 7 - 1 42 2  

C L I E N T : C I TY O F  L U B B O C K  

P R O J E C T : S . LUBBOCK D R A I N A G E  S TUDY 
FLOOD CONTROL ALTERNAT I VE ,  SYSTEM E - 1 
PUMP GRAV I T Y OUTFALL 
PLAYA 25 - 1 4  DAY DRA I N  
AL TERNA T I VE 9 B  

F I L E : 

DATE : 

BY : 

STATEMENT O F  PROBABLE COST 

CE3�::. 

9 / 8 8 

BAF 

I TE M  N O . DESCR I PT I ON Q U A N T I TY UN I T  P R I CE AMOUNT 

1 PUmp S t a t i o n 

2 1 8  i n c h  P V C  P i p e  

3 E>: c av a t i on 

4 S t o n e  Emb e d m e n t  

5 Se l ec t  B a c k f i l l  

6 Man h o l e 

7 A i r R e l e a s e  S t a t i on s / Va l ves 

8 T i e I n t o  M a i n T r un k L i n e  

9 Bor e / Tun n e l  

1 0  S t r e e t  R ep a i r 

1 

1 , 85 0  

1 , 2 90 

1 22 

9 5 0  

1 

2 

1 

200 

4 95 0  

L .  s .  $ 8 5 , 4 0 0 . 0 12)  $85 , 40 0  

L F  $ 1 4 . 1 3  $ 26 , 1 4 1  

CY $ 7 . 0 0  $9 , 121 3 0  

C Y  $ 1 2 . 50 $ 1  ' 5 2�j 

CY $ 6 . 2 5  $ 5 , 9 38 

E A  $ 2 , 00 0 . 0 0  $ 2 , 0 0 0  

E A  $ 2 , 6 8 7 . 00 $5 7 37L� 

L S  $ 1 , 00 0 . 00 $ 1  ' 0 0 0  

LF $ 1 00 . 00 $20 , 00 0  

S F  $ 3 . 00 $ 1 4 , 8 5 0  

- --- --- - - - - - --· 

Sub t o t a l  $ 1 7 1 , 2 57 

1 5/. C on t i n g en c y  $ 2 5 , 68 9  
- - -- - - - - - - - - - -

TOTAL $ 1 9 6 , 9 4 6  

N O T E S : 

TH I S  STATEMENT W A S  P R E PARED U T I L I Z I NG S T ANDARD COST E S T I M A T E  PRACT I CES . 
I T  I S  UNDERSTOOD A N D  A GREED T H A T  T H I S  I S  AN EST I MATE ONLY , AND THAT 
E N G I N EER SHALL NOT BE L I ABLE TO O W N E R  OR TO A TH I RD PARTY FOR ANY F A I LURE 

� �  T O  A CCURATELY EST I M A T E  THE C O S T  O F  T H E  P R O J E C T , OR ANY PART THEREOF . 

TH I S  StAT�MENT DOES N O T  I NCLUDE COSTS F O R  R I GHT-OF-WA Y , E N G I N E E R I N G ,  
� SURVEYS FOR DES I GN A N D  C O NSTRUC T I ON S T A K I NG ,  AND GEOTECH N I CAL 

I NVEST I GA T I ONS . 
B - 3 5  



ALBERT H .  HALFF ASSOC I ATES , I NC .  
4000 FOSS I L  CREEK BOULEVARD 

FORT WORTH , T E X AS 7 6 1 37 -
8 1 7  8 4 7 - 1 4 2 2  

C L I EN T : C I T Y OF L UBBOCK F I LE :  

PROJECT : S . LUBBOCK DRA I N A G E  STUDY 
FLOOD CONTROL ALTERNAT I V E ,  SYSTEM E - 1 
PUMP G R A V I TY OUTFALL 
PLAYA 24 - 1 4  DAY DRA I N  
ALTERNAT I V E 9 B  

D A T E : 

B Y : 

STATEMENT OF PROBABLE COST 

I TE M  N O .  DESCR I P T I ON QUANT I TY U N I T  PR I CE 

1 P u m p  S t a t i on 1 L . S . $ 7 1 , 70 0 . 00 

... , 1 8  i m.: h PVC P i p e  300 L F  $ 1 4 .  1 3  .r:.. 

::::: E>: c: &. v a t  i o n 70 CY $7 . 00 

.<f S t o n e  E m b ed me n t 1 0  C Y  $ 1 2 . 50 

I:' �· S e l e c t  Bac k f i l l  50 CY $6 . 25 

6 Man h o l e 1 E A  $ 2 , 00 0 . 00 

7 A i r R e l e a s e  S t a t i on s  2 . E A  $ 1  ' 8 75 . 00 

f3 A i r R e l e a s e  V a l v e s  2 E A  $ 8 1 2 . 0 0  

9 T i e I n t o  M a i n Tr u n k L i n e  1 L S  $ 1 , 00 0 . 0 0  

1 0  B o r e / T u n n e l  200 LF $ 1 00 . 0 0  

Su b t ot a l  

1 5 /. C on t i n g en c y  

TOTf-)L 

NOTES : 

CE34 

9 / 88 

B AF 

AMOUNT 

$ 7 1 ' 70 0  

$ 4 , 239 

$490 

$' 1 25 

$3 1 3  

$2 , 000 

$3 , 7 5 0  

$ 1  ' 62 4  

$ 1 , 0 0 0  

$ 2 0 , 0121 0  

---- ----- ------

$ 1 05 , 24 1  

$ 1 5 , 78 6  
- - --- -- - -- - - --

$ 1 2 1 , 0 2 7  

TH I S  STATEMENT WAS PREPARED U T I L I Z I NG STANDARD C O S T  E S T I MATE P RACT I CE S .  
I T  I S  UNDERSTOOD AND AGREED THAT TH I S  I S  A N  EST I MATE ONLY , AND THAT 
EN G I NEER SHALL NOT B E  L I AB L E  T O  OWNER OR T O  A T H I RD PARTY FOR A N Y  F A I LURE 
TO ACCURATELY EST I MATE THE COST OF THE PROJECT , O R  ANY PART THEREOF . 

TH I S  STATEMENT DOES N O T  I NCLUDE COSTS FOR R I GHT-OF-WA Y , E N G I NE ER I N G ,  
SURVEYS FOR DES I G N AND CONSTRUCT I ON STAK I NG , AND GEOTECH N I CAL 
I N VEST I GAT I ONS . 

B-36 



ALBERT H .  HALFF ASSOC I AT E S , I N C .  
4000 FOSS I L  CREEK B O U LEVARD 

FORT WORTH , T E X A S  7 6 1 37 
B l 7  847- 1 4 22 

CL I EN T : C I T Y OF L U BBOCK 

PRO J E CT : S . L U B BOCK DRA I NAGE S T U D Y  
F L O O D  CONTROL ALTER NAT I VE ,  SYSTEM E - 1 
PUMP GRAV I T Y OUTFA LL 
PLAYA 23 - 14 DAY DRA I N  
ALTERNA T I VE 98 

F I LE :  

DATE : 

B Y : 

S T A T E MENT OF PROBABI_E COST 

I T EM N O . DESCR I P T I ON 

1 P u m p  S t a t i o n 

2 1 2  i n c h  PVC P i p e  

4 S t o n e  Emb e d m e n t  

5 Se l e c t  B a c k f i l l  

6 l"l a n h o l  e 

7 A i r R e l ease S t a t i o n s  

8 A i r R e l ease V a l v e s  

9 T i e I n t o  M a i n T r un k L i n e  

1 0  Bor e / T u n n e l  

Sub t o t a l  

:1. 5/� C on t i  n g e n c: y  

NOT E S �  

QUANT I T Y 

1 

300 

4 0  

1 12!  

:3 0 

1 

2 

�, ..::. 

1 

2012! 

UN I T  P R I CE 

L . S .  $66 , 200 . 00 

L F  $5 . 80 

CY $7 . 00 

CY $ 1 2 . 512! 

CY $6 . 2 5  

E A  �2 ,  QHZH21 .  12!0 

EA $ 1 . 8 75 . 00 

E A  $ 8 1 2 . 00 

L S  $ 1 , 00 0 . 0 0  

L F  :$ 1 00 .  12HZ! 

CE3�5 

9 / 8 8 

BAF 

AMO UNT 

$66 , 200 

$ 1 , 74 0  

$280 

$ 1 25 

$ 1 88 

$2 , 00(2) 

$3 , 750 

$ 1  ' 6 2 4  

$ 1 , 00 0  

$20 , 0 121121 

_ _ _ _ _ _ _ _ _ _ __ _ _  ... 

$ 9 6  907 ' 

::�:� 1 4  ' 5 3 6  
- - - - - - - - - - - - --· 

$ 1 1 1 , 4 42 

TH I S  STATEMENT W A S  PREPA RED U T I L I Z I NG STANDARD C O S T  EST I MATE PRACT I CES . 
I T  I S  UNDERSTOOD AND A G R EED T H A T  TH I S  I S  AN EST I M A T E  O N L Y , AND THAT 
ENG I N EER SHALL NOT BE L I ABLE T O  OWNER OR T O  A T H I RD PARTY FOR ANY FA I L URE 
TO ACCURATELY EST I MATE THE COST O F  THE PROJ ECT , O R  ANY PART THEREOF . 

TH I S  STATEMENT D O E S  N O T  I NCLUDE COSTS F O R  R I GHT-OF-WA Y , ENG I NE ER I �G ,  
SURVEYS FOR D E S I GN AND CONSTRUCT I O N STA K I N G ,  AND GEOTECHN I CAL 
I NV E S T I GAT I ON S . 

B-37 



A L BE R T  H .  HALFF ASSOC I A T E S , I NC .  
4 0 0 0  FOSS I L  CREEK B O ULEVARD 

FORT WORTH , TE X A S 7 6 1 37 

8 1 7  8 4 7 - 1 4 2 2  

CL I ENT : C I TY O F  LUBBOCK F I L E : 

PRO J E C T : S . LUBBOCK DRA I NA G E  S T U D Y  
FLOOD CONTROL ALTERNAT I VE ,  S Y S TEM E - 1  
PUMP GRAV I T Y OUTFALL 
PLAYA 1 9  - 14 DAY D R A I N  
ALTERNAT I VE 9B 

D A T E : 

B Y : 

STATEMENT OF PROBABLE COST 

I TEM N O . DESCR I P T I ON QUANT I T Y U N I T  P R I CE 

CE36 

9 / 8 8 

BAF 

A M O U NT 

�- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 P u m p  S t a t i on 1 L . S .  $ 6 6 , 20 0 . 00 $ 6 6 , 200 

1 2  i n c h  PVC P i p e  200 L F  $ 5 . 80 $ 1 , 1 6 0 

3 E x c a v a t i on 4 0  cv $ 7 . 0 0  $ 2 8 0  

4 S t o n e  Emb e d m e n t  1 0  C Y  $ 1 2 . 50 $ 1 25 

5 S e l e c t  Bac k f i l l  30 CY $6 . 2 5  $ 1 88 

6 M a n h o l e 1 E A  

7 A i r R e l ease St at i on s  2 E A  $ 1 , 8 7 5 . 0 0  $ 3 , 7 5 0  

8 A i r � e l ease V a l v e s  2 E A  $ 8 1 2 . 00 $ 1 , 6 24 

9 T i e I n t o  M a i n T r u n k L i n e  1 l r  - w  $ 1 , 0 00 

1 0  Bor e / Tu n n e l  1 00 L F  $ 1 0 0 . 00 

S u b t o t a l  $ 8 6 , 327 

1 5% C on t i n g en c y  $ 1 2 , 9 4 9  

T O T A L  $ 9 9 , 275 

NOTES : 

TH I S  S TA T E MENT WAS PREPARED U T I L I Z I NG STANDARD COST EST I MATE PRACT I C ES . 
I T  I S  U N DERSTOOD AND AGREED THAT TH I S  I S  AN E S T I MATE O N L Y , AND THAT 
ENG I N EER SHALL N O T  BE L I ABLE T O  OWNER OR TO A T H I RD P A R T Y  FOR A N Y  F A I L U R E  
TO ACCURATELY EST I MATE T H E  C O S T  OF T H E  P R O J EC T , OR ANY PART THEREOF . 

TH I S  STATEMENT DOES NOT I NC L U D E  COSTS FOR R I GHT-OF-WAY , ENG I NEER I NG ,  
SURVEYS FOR DES I G N AND CONSTRUCT I ON STAK I N G ,  AND GEOTECHN I CAL 
I N VEST I GA T I ON S . 

B- 3 8  



A L B E R T  H .  HALFF . ASSOC I AT E S , I N C .  
4 0 0 0  FOSS I L  CREEK B O U LEVARD 

FORT WORTH , T E X A S  76 1 37 
8 1 7  847- 1 42 2  

C L I ENT : C I TY O F  L U BBOCK 

P R O J E C T : S . L U B B O C K  DRA I N A G E  S T U D Y  
F L O O D  C ONTROL ALTERNAT I V E ,  SYSTEM E - 1 
PUMP G R A V I T Y OUTFALL 
PLAYA 2 0  - 1 4  DAY D R A I N  
A L T E R NA T I V E 9B 

F I L E : 

D ATE : 

B Y : 

S T A T E M E N T  OF PROBABLE C O S T  

CF37 

9 / 8 8 

B A F  

I TE M  N O . DESCR I P T I ON QUANT I T Y  U N I T  P R I CE AMOUNT 

1 PLlmp S t a t i on 1 

2 1 2  i n c h  P V C  P i p e  4 '  1 60 

E :·: c av a t i on 1 , 70 0  

4 S t o n e E m b ed m e n t  1 90 

5 S e l e c t  Bac: k f i l l  1 , :3; IlliZI 

6 M a n h o l e 1 

7 A i r R e l e a s e  St a t i on s  -:r 
·-· 

8 A i r R e l e a s e  V a l v e s  3 

9 T i e I n t o  M a i n T r Ll n k L i n e  1 

1 121  S t r e e t  F: e p a i  r 832121 

S Llb t ot a �  

1 5 /. C on t i n g en c y  

T O T A L  

N O T E S : 

L . S .  

L F  

C Y  

C Y  

C Y  

E A  

E A  

E A  

L S  

S F  

$ 6 3 , 4 (2)0 . 0121 

$ 5 . 80 

$ 7 . 1210 

$ 1 2 . 50 

$ 6 . 25 

$ 2 , 00 0 . 00 

$ 1  ' 8 7 5 . (2)(2) 

$ 8 1 2 . 00 

$ 1 , 0 0(21 . 00 

$ 3 . 00 

$ 6 3 , 400 

$ 2 4 ' 1 2 8 

$ 1 1 , 9 (2)0 

$8 , 1 2e.'i 

$ 2 , !ZHZJ0 

$ 2 ' 4:-.::: 6 

$ 1 , 0 00 

�t- 2 4 ' 960 

$ 1 4 5 , 9 4 9  

$ 2 1 ' 8 92 

$ 1 6 7 , 84 1  

TH I S  STATEMENT W A S  PREPARED U T I L I Z I NG STANDARD COST EST I M A T E  PRACT I C E S . 
I T  I S  UNDERSTOOD A N D  AGREED T H A T  T H I S  I S  AN E S T I MATE ONLY , AND THAT 
ENG I NEER SHALL N O T  B E  L I ABLE T O  OWNER O R  T O  A T H I RD PARTY FOR ANY F A I LURE 
T O  ACCURATEL Y EST I MATE THE COST O F  THE P R O J EC T , O R  A N Y  PART T H E R EO F .  

TH I S  STATEMENT D O E S  NOT I NC L U DE COSTS FOR R I G H T-OF-WAY , ENG I NEER I NG ,  
SURVEYS FOR D E S I GN AND C O N S T R U C T I ON STA K I N G ,  AND GEOTECHN I C AL 
I N VEST I GA T I O N S . 

B-39 





APPE NDIX C 

PROFILES AND COMPUTER SUMMARIE S  OF HYDROUOGIC AND HYDRAULIC MODEL'S 
(Pr i nted i n  Sepa rate Vol ume ) 
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