
schoo l  i n  response  t o  t h e  growing school-age 
popu la t ion  i n  t h e  Bay Area. Facing s t e a d i l y  
r i s i n g  u t i l i t y  c o s t s ,  t h e  d i s t r i c t  d e s i r e d  a  
b u i l d i n g  which would i n c o r p o r a t e  energy-saving 
f e a t u r e s .  At t h e  same time, d u r a b i l i t y  and e a s e  
of  maintenance had t o  be  cons ide red .  

S i t e  c o n s t r a i n t s  r e q u i r e d  t h e  b u i l d i n g  t o  
be l o c a t e d  on t h e  c o r n e r  of  a  b lock  of  l and  shared  
by a  l a r g e  high s c h o o l ,  and s c h o o l  d i s t r i c t  admin- 
i s t r a t i o n ,  t r a n s p o r t a t i o n ,  maintenance and a t h l e t i c  
f a c i l i t i e s .  At t h i s  l o c a t i o n ,  t h e  b u i l d i n g  cou ld  
s e r v e  a s  a f u t u r e  h i g h  s c h o o l  annex f o r  n i n t h  
g rade  s t u d e n t s .  The b u i l d i n g  a r e a  was f u r t h e r  
decreased by t h e  n e c e s s a r y  i n c l u s i o n  o f  bus  and 
f a c u l t y  pa rk ing  a r e a s ,  t e n n i s  c o u r t s ,  f o o t b a l l  
p r a c t i c e  f i e l d s ,  and space  f o r  a  f u t u r e  m e t r i c  
t r a c k .  

The Houston a r c h i t e c t u r a l  f i r m  of McKi t t r i ck  
Richardson Wallace A r c h i t e c t s ,  I n c o r p o r a t e d ,  w i t h  
t h e  a s s i s t a n c e  of  Grunewald Engineer ing ,  was 
s e l e c t e d  t o  d e s i g n  t h e  f a c i l i t y  f o r  1400 s t u d e n t s .  

1. B u i l d i n g  o r i e n t a t i o n  and o p e r a b l e  shaded 
windows a l l o w i n g  f o r  n a t u r a l  v e n t i l a t i o n .  

2. The i n s t a l l a t i o n  of  a n  e f f i c i e n t  h e a t  
pump system w i t h  a  modular a i r  condi-  
t i o n i n g  des ign .  

3 .  I n d i r e c t  l i g h t i n g  i n  c lass rooms  and t h e  
us.? of  h i g h  p r e s s u r e  sodium (HPS) lamps 
t o  produce maximum lumens p e r  w a t t .  

4.  A vell  i n s u l a t e d  b u i l d i n g  s h e l l .  
5. C o n t r o l  by a n  energy  management system. 
The s c h o o l ,  which opened d u r i n g  t h e  summer 

oE 1982, was des igned  t o  o p e r a t e  a t  a n  energy  
consumption r a t e  o f  approx imate ly  45.000 BTU/SF/YR. 
Ac tua l  energy  usage f o r  1983 r e s u l t e d  i n  a con- 
sumption r a t e  o f  approx imate ly  32,000 BTU/SF/YR. 
The y e a r l y  energy  consumption r a t e s  o f  s e v e r a l  
comparably s i z e d  C l e a r  Creek s c h o o l s ,  u s i n g  
e l e c t r i c  h e a t i n g  and c o o l i n g ,  r a n g e  between 
60.000 and 70,000 BTU/SF/YR. Older  s t r u c t u r e s .  
of  comparable  s i z e ,  u s i n g  g a s  equipment o f t e n  
exceed a  consumption r a t e  of  100,000 BTU/SF/YR. 

PROJECT RESULT -- 
Adhering t o  t h e  r e q u e s t s  of  t h e  s c h o o l  d i s -  

t r ict  and fo l lowing  l o c a l  b u i l d i n g  codes ,  MRW 
des igned  t h e  compact, two-story, 153,000 s q u a r e  
f o o t  League C i t y  I n t e r m e d i a t e  School.  

The p r o j e c t  c o s t  was $8,080,000, o r  $52.75 
p e r  s q u a r e  f o o t .  Due t o  t h e  a r c h i t e c t u r a l  f i r m ' s  
c a r e f u l  p lann ing  and u s e  of a  computer a n a l y s i s  
t o  e v a l u a t e  p o t e n t i a l  ene rgy  usage,  t h e  budget 
was no t  i n c r e a s e d  f o r  energy  e f f i c i e n t  systems.  
No "ex t ra"  c o s t  can be a t t r i b u t e d  t o  e n e r g y  
c o n s e r v a t i o n  measured i n c o r p o r a t e d  i n t o  t h e  des ign .  

BUILDING ORIENTATION 

The long  a x i s  of t h e  b u i l d i n g  r u n s  from sou th -  
wes t  t o  n o r t h e a s t .  L e s s  than  1 0  p e r c e n t  of  t h e  
b u i l d i n g  enve lope  s u r f a c e  i s  g l a s s  o r  i n s u l a t e d  
s k y l i g h t s .  

A l l  E x t e r i o r  g l a s s  is d a r k  g r a y  i n  o p e r a b l e  
s a s h ,  e x c e p t  a t  t h e  lobby where c l e a r  g l a s s  is 
used i n  f i r e d  f rames.  Most windows a r e  l o c a t e d  
on t h e  long, s o u t h e a s t  and nor thwes t  exposures .  
S i n c e  t h e  p r e v a i l i n g  b r e e z e  i s  from t h e  s o u t h e a s t .  
t h e  o r i e n t a t i o n  of  t h e  o p e r a b l e  windows c r e a t e s  
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>ss v e n t i l a t i o n  c a p a b i l i t i e s .  
qreas a r e  shaded by aluminum sun shades 

....--.. -,-.. -2tween t h e  v e r t i c a l  b r i c k  sun c o n t r o l  
f i n s .  o r  by roof  overhangs. Mini b l i n d s  a r e  pro- 
vided on a l l  windows f o r  f u r t h e r  c o n t r o l  of sun 
i n f i l t r a t i o n .  

HVAC 

In  s e l e c t i n g  a  c o o l i n g  and h e a t i n g  system. 
both low o p e r a t i n g  c o s t s  and s imple maintenance 
c a p a b i l i t i e s  were of major importance t o  t h e  
school  d i s t r i c t .  The d i s t r i c t  decided on a  series 
uf  reverse -cyc le  u n i t s  ( h e a t  pumps) connected 
t o  a  wate r  loop which c i r c u l a t e s  tempered wate r  
a t  60 degr'ees t o  90 degrees  Fahrenhe i t .  A l l  u n i t s  
a r e  mounted above t h e  c e i l i n g  and p o s s e s s  s e l f -  
contained h e a t i n g  and c o o l i n g  c a p a b i l i t i e s .  The 
condit ioned f l o o r  a r e a  of t h e  b u i l d i n g  encompasses 
152.500 square  f e e t  of  space.  r e s u l t i n g  i n  a  
maximum cool ing  load oE 298 tons ,  and a  maximum 
h e a t i n g  load  of  2,250 MBH. 

The h e a t  pumps r e j e c t  h e a t  from t h e  spaces  
i n t o  t h e  wate r  loop  when c o o l i n g ,  and e x t r a c t  
h e a t  from t h e  wate r  loop i n t o  t h e  spaces  when 
hea t ing .  Heat energy is no t  wasted a s  long  a s  
i t  i s  needed somewhere i n  t h e  bu i ld ing .  T h i s  
is u s e f u l  dur ing  c o o l  wea ther ,  when some a r e a s  
of t h e  b u i l d i n g  r e q u i r e  c o o l i n g ,  w h i l e  o t h e r s  
c a l l  f o r  hea t ing .  

Water f lows through t h e  system by means of 
30 and 40 horsepower c i r c u l a t i n g  pumps. No 
a d d i t i o n a l  mechanical equipment i s  needed, a s  
long  a s  t h e  wate r  temperature remains w i t h i n  t h e  
o p e r a t i n g  range of  60 t o  90 degrees  Fahrenhe i t .  
When necessary ,  c l o s e d  c y c l e  e v a p o r a t i v e  c o o l e r s  
(coo l ing  towers) can c o o l  loop wate r ,  o r  a  s imple  
immersion wate r  h e a t e r  can h e a t  loop  wate r  t o  t h e  
nominal o p e r a t i n g  range.  

The b u i l d i n g  i s  d iv ided  i n t o  e leven  zones 
providing a d d i t i o n a l  o p p o r t u n i t i e s  f o r  conserv ing  
energy. Each zone can be cooled o r  heated indep- 
endent ly of t h e  o t h e r s ,  a l lowing  e x t r a - c u r r i c u l a r  
a c t i v i t i e s  t o  t ake  p l a c e  i n  one a r e a  of t h e  school  
without  a f f e c t i n g  t h e  e n t i r e  bu i ld ing .  

In  a d d i t i o n  t o  t h e  conserva t ion  f e a t u r e s ,  
t h e  system has  proven advantageous from a  main- 
tenance s tandpoin t .  No more than two c'lass- 
rooms a r e  served by an i n d i v i d u a l  u n i t ;  t h e r e f o r e .  
r e p a i r s  and replacement of  u n i t s  can be accom- 
p l i s h e d  w i t h  minimal i n t e r r u p t i o n  o f  school  
a c t i v i t y .  General maintenance of  t h e  system is 
f a c i l i t a t e d  by t h e  s imple n a t u r e  of  t h e  smal l  
reverse-cycle  machines, r e q u i r i n g  normal f i l t e r  
changes and s e a s o n a l  s e r v i c e .  

The o u t s i d e  a i r  exchange r a t e  is  7000 CFM, 
o r  5 CFM per  person ,  meet ing t h e  s tandard  vent-  
i l a t i o n  requirements .  The h e a t i n g ,  v e n t i l a t i o n  

.. . . 
3st f o r  t h e  p r o j e c t  was 
per s q u a r e  f o o t .  

3 of l i g h t i n g  t h a t  con- 
most v i s i b l e .  N a t u r a l  
p r a c t i c a b l e  and i s  pro- 

s and i n s u l a t e d  s k y l i g h t s .  
r c e  c e n t e r .  l o c a t e d  a t  t h e  
, permi t  borrowed l i g h t  t o  
windows i n t o  i n t e r i o r  c l a s s -  

The primary source  o f  e l e c t r i c  l i g h t i n g  i s  
c o l o r  c o r r e c t e d ,  high p r e s s u r e  sodium (HPS) 
designed t o  p rov ide  approximately 50 f o o t c a n d l e s  
wi thout  n a t u r a l  l i g h t i n g .  Classrooms, gyms, t h e  
commons and r e s o u r c e  c e n t e r  a l l  u t i l i z e  HPS l i g h  
i n g .  One 250 w a t t  and two 400 w a t t  wallmounted 
i n d i r e c t  f i x t u r e s  i l l u m i n a t e  each classroom. 
S e p a r a t e  swi tch ing  a l l o w s  t e a c h e r s  t o  t u r n  o f f  
t h e  400 w a t t  lamps on sunny days,  t h u s  us ing  
t h e  s i n g l e  250 w a t t  lamp and o u t s i d e  l i g h t  t o  
p rov ide  t h e  needed i l l u m i n a t i o n .  

400 watt HPS f i x t u r e s  a r e  used i n  t h e  two 
gyms, t h e  commons. and t h e  r e s o u r c e  c e n t e r .  I n  
t h e s e  a r e a s  rows of l i g h t s  can b e  turned on and 
o f f  independent ly ,  a g a i n  a l lowing  t h e  u t i l i z a t i o n  
of n a t u r a l  l i g h t .  For  example, t o t a l  l i g h t i n g  
i n  t h e  gyms was c a l c u l a t e d  a t  less than 1 .2  w a t t s  
p e r  s q u a r e  f o o t .  By t u r n i n g  o f f  h a l f  t h e  lamps 
and u s i n g  l i g h t  coming through t h e  s k y l i g h t s ,  
t h e  o p e r a t i n g  wat tage  i n  t h e s e  a r e a s  i s  reduced 
t o  approximately 0.6 w a t t s  p e r  s q u a r e  f o o t .  

The a e s t h e t i c  e f f e c t  of  t h e  h i g h  p r e s s u r e  
sodium l i g h t i n g  mixed w i t h  n a t u r a l  l i g h t  i s  
q u i t e  p l e a s i n g .  I n  t h e  r e s o u r c e  c e n t e r ,  f o r  
i n s t a n c e ,  t h e  l i g h t i n g  and t r o p i c a l  l andscap ing  
c o n t r i b u t e  t o  a mood of  warmth and comfort.  
S t u d e n t s  f i n d  t h e  room a  c o n g e n i a l  p l a c e  t o  read 
and s t u d y .  

Four-foot,  two lamp. l ay- in .  f l u o r e s c e n t  
p a r a b o l i c  r e f l e c t o r  f i x t u r e s  a r e  used i n  t h e  
o f f i c e s  and t e a c h e r  workrooms. Hallways a r e  l i t  
by 2 '  x 2 '  l ay- in  p a r a b o l i c  r e f l e c t o r  f i x t u r e s  
w i t h  s t a n d a r d  wat tage ,  U-shaped f l u o r e s c e n t  lamps. 
E n t i r e  b l o c k s  of l i g h t i n g  can  be switched on and 
o f f  from a  c o n s o l e  i n  t h e  a d m i n i s t r a t i v e  o f f i c e s .  
E x t e r i o r  l i g h t i n g  c o n s i s t s  of  400 w a t t  h igh  
p r e s s u r e  sodium lamps c o n t r o l l e d  by a  photo-ce l l  
timer combinat ion.  Incandescen t  l i g h t i n g  is  used 
on ly  i n  smal l  i n t e r i o r  spaces .  

T o t a l  connected load  f o r  l i g h t i n g  is  1.15 
w a t t s  p e r  s q u a r e  f o o t .  

INSULATION 

F a c i l i t y  i n s u l a t i o n  l e v e l s  were c a r e f u l l y  
cons idered  by t h e  b u i l d i n g  d e s i g n e r s  and school  
d i s t r i c t  personne l .  The r o o f ,  designed f o r  bo th  
energy c o n s e r v a t i o n  and e a s e  of maintenance,  con- 
sists of a 3-ply f i b e r g l a s s  b u i l t - u p  roof  s t r u c t u r e  
The s t r u c t u r e  encompasses a  combination of  f i b e r -  
g l a s s  i n s u l a t i o n  board on a  l i g h t w e i g h t  c o n c r e t e  
roof  deck,  w i t h  f i b e r g l a s s  b a t t  i n s u l a t i o n  below 
t h e  deck.  

For  t h e  roof  of t h e  gymnasium, a  2%-inch 
r i g i d  i n s u l a t i n g  board was added between t h e  
tectum deck and t h e  b u i l t - u p  r o o f i n g ,  p rov id ing  
f o r  a  0.6 U-value. A U-value is t h e  measure of 
h e a t  t r a n s f e r  i n t o  a  b u i l d i n g ,  whereas t h e  R-value 
is t h e  measure of t h e  r e s i s t a n c e  of i n s u l a t i n g  
m a t e r i a l  t o  t h e  t r a n s f e r  of  hea t .  A r a t i n g  of  .06 
i s  e q u i v a l e n t  t o  R-17. 

Throughout t h e  rest of t h e  b u i l d i n g .  6-inch 
b a t t - t y p e  i n s u l a t i o n  is he ld  benea th  t h e  roof 
deck by w i r e  mesh. The r e s u l t  is  n U-value of .04 
and a  R-25 i n s u l a t i o n  l e v e l .  

A t y p i c a l  w a l l  s e c t i o n  oE t h e  f a c i l i t y  con- 
sists of  3-inch b r i c k  v e n e e r ,  2-inches of r i g i d  
board i n s u l a t i o n ,  and a  6-inch c o n c r e t e  block.  
r e s u l t i n g  i n  a  .10 U-value. An a i r  space  between 
t h e  b r i c k  veneer  and i n s u l a t i o n  prov ides  an 
a d d i t i o n a l  r e t a r d a n t  f o r  h e a t  t r a n s f e r .  
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f l o o r  and Figure 5 shows the f l o o r  plan f o r  the above. 
second f l o o r .  Figure 6 is an a r c h i t e c t ' s  sketch 
of the resource center .  

Figure 1 Photograph of League Ci ty  
Intermediate School 
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i N E R G Y  CONSUMPTION 

!25.000KNH / 800KVb 

!10,OGOI:kItI / 7SOKVA 

195,000KllH / 700KVP 

l80,XNKWH / 650KVP. 

165,000KWH / 600KVA 

150,000KWH / 550KVA 

135.000KWti / 5OOKVA 

120,00OK!~!!i / 450KVA 

105,0001:!.!!! / 400KVA 

90,000KUlI / 350KVA 

1983 

Figure 2 Energy Consumption for Year 1983 

Figure 3 S i t e  Plan of Junior High School  
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A NEW JUNIOR HIGH SCHOOL 
Clew Creek hdqmdml Shoal h h i c t  

-9 51880 

Figure 4 Floor Plan o f  Schoo l ' s  F i r s t  Floor 

A NEW JUNIOR HIGH SCHOOL 
astvCreekhdependen(SchcdDistricl 

A w l  5.1880 

Figure 5 Floor Plan o f  Schoo l ' s  Second Floor 
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RESnURCE CC'ITE? 

Figure 6 Architect's Sketch of Intermediate 
School's Resource Center 
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