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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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'WIPP SITE POPULATION 

BUILDING OR AREA 

Shift 
1 

Shift 
2 

Shift 
3 

Administration 

Control/Computer 

Security - Gate House (Site Entrance) 
- Security Office & Gate House 

(into B area) 

- Fire Protection 
- Security Control Center 

- First Aid 

Warehouse 

Sewage Treatment 

. . Water Treatment 
\ 

Truck Drivers 

Railroad Personnel 

Motor Pool 

' ' Waste Treatment Area (Site Generated) 

- - Liquid Solid 1 
- Laundry 

TRU' Waste ~uilding 

- Administrative/Supervision 
- Tnventory/Inspection 
- Waste Handling Personnel . 

- Health Physics 
- Forklift/Equip. Operators 
- Waste Handlers/Repair 

TOTAL 



WIPP SITE POPULATION 

BUILDING OR AREA (Contd) 

Shift Shift Shift 
1 2 3 

-Container/Vehicle 
Preparation 

- Floaters 
- Hoist Operator (s) 
- Health Physics Lab 

RH Waste Building 

- Administrative 
- Inventory 
- Waste Handling Personnel 

- Health Physics 
- Cask Handlers 
- Cask Preparation & Decon - Waste Handlers-Remote 

- Hoist Operator ( s )  /Crane Op 

Cafeteria (Mgr. - cashier - food prep. - 
dishwash) 

Grounds - Landscape 
Area clean. (roads - tracks - tailing 

area) 

Janitorial (Office - labs - shops) 
Power Plant (not coa l )  

General Maint. (total 8) 

Plumber 
Carpenter-painter 
Electrician 
Air-Cond. & refrig. 
Lube & P.M. 
Helpers 

TOTAL 



WIPP SITE POPULATION 

BUILDING OR AREA (Contd) 

Shift Shift Shift ' 
1 2 3 

Vehicle Maint. - (Motor pool - forklifts) 
(Mechanics, lube; hydraulics) 3 1 - 

Machinery Maint. (above ground machinists 
and millwrights) 3 1 - 

Mine Mach. Maint. (below ground) 6 - 

- Administrative 
- Health Physics 
- Salt Disposal 
- Hoist Operator (s) 

Mine Personnel 

TRU Level 

- Supervision 
- Miners 
- Waste Handlers 
- Maintenance 
- Health Physics 

RH Level 

- Supervision 
- Miners 
- Waste Handlers 
- Maintenance 
- Health Physics 

TOTAL THIS SHEET 

I' SHEET 1 
11 

'I 2 

TOTAL SITE POPU1,ATION 

GRAND TOTAL 
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Remote Handling Facili ty Shielding ~ a l c u l a t i o n s  - WIPP - 
Conceptual Dc. si gn 

PURPOSE: The layout of the r emote  handling facility is in p rogress .  P r e -  
l iminary shieldi l~g calculations were  performed in o r d e r  to a s s e s s  the ' . 

adequacy of hot cel l  shielding in  the cu r ren t  design. 

SIGNIFIC-IZNT RESULTS, CONCLUSIONS AND RECOMhlENDATIONS: . 
Current  plant capacity requir  cmcnts  will probably requi re  the t ranspor ta  - 
tion of three  high level waste canis te r  a t  a t ime to the mine. It is, therefore,  
conceivable that. t h ree  can i s t e r s  could be in  the hot cel l  at one t ime  placed 
next to  the control room o r  catwalk shield wall. F o r  calculational purposes 
i t  was a l so  assumed that a canis ter  was located a t  the viewing window being 
inspected. An open, loaded shipping cask  was assumed to be open to the 
hot cell. 

The dose r a t e s  received f rom these th ree  sources  a r e  tabulated below: 

CONDITION DOSE RATE (mK/hr)  

4 f t  - 516 f t  - 4 f t  - 
ordinary  ord inary  Barytes.  
concrete  concrete  concrete  

(1) T h r e e  can i s t e r s  s tored 
along shield wall awaiting 
t ranspor t  

P r i m a r y  g a m m a  
Secondary gamma 
Neutrons 

(2)  Single canis te r  being 
handled in front of 
viewing window 

P r i m a r y  gamma 
Secondary ganlnia 
Neutrons 
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(3)  Dose fro'lm open loaded 
shipping ca sk 

P r i m a r y  gamma 
Secondary gamma 
Neutrons 

Approximate Totals 

DOSE RATE (mR/hr \  

4 ft - 5 /6  ft - 4 f t  - 
ordinary ordinary Barytes 
concrete concrete concrete 

These ca1cu:ations show that four feet of ordinary concrete is not sufficient 
t o  reduce dose ra tes  below the design level of 0. 5 m r / h r .  Increasing the 
shield thickness to between 5 and 6 feet of ordinary concrete would reduce 
radiation levels  to within allowable l imi ts  but would tend to increase  the 
cost  nf the viewing windows. Four feet  seems  to be a practical shield 
thickness.  

F o r  plznning purposes it i s  recommended that four feet af Barytes  (or  
equivalent heavy) concrete be used for the shield walls of the hot cell. 

As expected, designing the shield for  attentuation of p r imary  gamma radia-  
' tion was the most  important  aspect  of the problem. Contributions due to 

neutrons and secondary gamma radiation was negligible. 

Again as expected, dose r a t e  f rom fuel stored in  the hot cell  s torage por ts  
calculated a t  the side of the s torage monolith was negligible. A shield 
thickness of cight feet was assumed for these calculations. 

ADDITI0NA.L WORK: Additional shielding calculations will be performed 
at a l a t e r  date to determine the dose r a t e s  in  the cask preparation and 
decontarrlination a r e a s  due to s treaming through the shield plug when the 
plug design is completed. These calculations will determine the design of 
the isolation doors on the t ransfer  passage. I£ the floor of the hot cel l  
over  the t ransfer  facility is constructed of ordinary concrete, there  will 
be  a n  additional contribution to dose ra te  which will be included in  the ca l -  
culation. 
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Streaming up the mine shaft a s  well a s  calculation of dose ra te  in  the hoist  
control room will a lso have to be considered in the near  future when this 
location of the control a r e a  is fixed. 

DISCUSSION: 

(1) B U I L D U P  FACTORS: - Dose buildup factors  were  calculated using two 
formulas; one from Glasstone and Sesonske (paragraph 10.70 and a lso  
in  the I.Iandbook, Vol. 111-B, page 115) and the second taken f rom 
Reference (b) . 
Although 0. 8 M.EV monoenergetic gamma radiation was assumed since 
no g a m m a  energy spectrum upas specified for the high level  waste, 
for 0. 5 MEV gamma was assumed to add a degree of conservatism. 

Dose buildup factors  for a four foot thick ordinary concrete shield were  
calculated a s  follows: 

Although the G& S formula supposedly calculated dose buildup factors  
to within 5% accuracy, the HhX 8200.1 formula wa's used in  a l l  dose 
calculations in o rde r  to be conservative. 

(2) VERIFICA'rION O F  SANDIA SUPPLIED DATA: Sandia supplied data 
is  shown on Attachment 1. 'She accuracy of this data was checked in 
the follou.ing nlanncr: 

(a) Line source geometry was assumed. 
(b) Average gamma energy o 0 .8  MEV was assumed. i 
(c) An energy flux ( ~ ~ V / c r n  / s e c )  was calculated f rom the dose 

ra te  data given and Table 9 .  2, Classtone h: Sesonske. 
(d) An equivalr:nt line c o u ~ c e  flux (biEV/cm/ sec )  was calculated, 

using the  zcometry of a iylindrical 16 in. diameter  X 10 foot 
long I-1.1,. waste  cask. The a r e a  of the cylinder ends was 
included to produce a s  high a l ine source flux as  possible. 
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(e) The equivalent dose r a t e  was a t  a distance of 10 feet in  
a i r .  

The resu l t s  a r e  l isted a s  follows: 

Source Basc Rate (mR/hr )  @ 10 ft 

Sandia Data 
3 

6 . 5 X 1 0  
Line Sourcc Calculations 3. 72 X 10 

These resul t s  sllowcd good correlat ion with Sandia data and 
verif ied the use  of s imple linc geometry source t e r m s .  Most 
of the calculations used a line source. Calculated resul t s  
were  multiplied by two to initialize them to Sandia data. 

(3) ASSUMPTIONS: The assumptions made in  the calculations had some 
conservat i sm included in their selection. These factors  a r e  sum - 
mar ized  a s  follows: 

(a) Monoenergetic 0. 8 MEV gamma. According to H&N 8200.1, 
m o s t  of the gamma energy in  one yea r  old HTGR spent fuel 
1 s 0.8  MEV gamma. 

(b) Buildup fac to r s  were  conservatively calculated. See previous 
discussion. 

( c )  Attenuation coefficients for both neutron and gamma radiation 
were  conservatively selected. Values for ordinary concrete 
which were  used: 

-1 
Neutrons = .083 c m  - 1 
Gamma = .I26 cm 

(d) Line source geometry calculations were  modified by: 

(1) Multiplying calculated resu l t  by 2. 
(2) For  th ree  canister  calculations, l ine sources  were  

superimposed to maximize dose rate .  
(3) F o r  calculational purposes,  line sources  were  assumed 

to be on the "edgeM of the cyl.indcr ra ther  than on the 
center  line in o r d e r  to maximize dose ra te .  
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(4) - COMPARISON WITH PREVIOUS FIOL,hlES E; NARVER WORP;: - The 
methods and leve l  of de ta i l  used in  these  calculations i s  s imi l a r  to 
that  used in previous company work (Reference  b).  Ln that  study, 
a gamma energy s p e c t r u n ~  and mul t i -ma te r i a l  shicld was used. 
Self-absorption i n  HTGK fuel assen lb l ies  was a l s o  used i n  8200.1 but 
was  not needed i n  th i s  study. 

(5)  PRINCIPAL REFEREXCES: - 
. (a) Nuclear F.eactor - Engineering,  S. Glasstone,  A. Sesonske.  

(b) IITCR Rcactor  Serv ice  13uilding Alternate Fuc l  FIandling and 
Storagc S n d y  3000 hfUr( t )  Referenc<Pla?t  NSS - 3200.1- August 
1974, Holmes 8: Xa rve r ,  Inc. 

(c)  P rocedures  for Shielding Calculations - Technical  Repor t  No. 1 
AECU - 3510, January  1957, R. Dennis, S. N. Purohit, L. E. 
Brownell. 



HIGH L E V E L I I N T .  L E V E L  SOURCES 

CASE; WT WATT DIMENS! Y S U R F  y \$ n SURFACE n \d NO P E R  

( lbs)  R / h r  R / h r  R / h r  R / h r .  CASK 

ERDA HI 7000 230 2' X 10' 5000 40 0 1. 5 0.1 
(TRUCK) 

EKDA I-II 7000 230 2 '  X 10' 5000 400 1. 5 0 .1  
(RAIL) 

. . 

N F S  ( INTER) 7500 110 4' X 4' 700 30 - - 
(TRUCIi)  

AGNS INTER 15000 220 4' X 8' 700 60 - - 
(TRUCK) 

AGNS IL 15000 220 4' X 8' 700 60 - - 
(RAIL 

H L  (TRUCK) 3000 3500 16" X 10' 1. 3 X lo5  6. 5 X lo3 33 1. 6 

Attachment 1 
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ALSO 0€ D U I U E D  ro LIQUID U 1 A s - r ~  



86 ABLE TD USE, oe ~JEGD IULETA~P P B ~ W C I -  

IN A V D ~ ~ I J  f)clLm FkUS A-MS OM V ~ A L  BUS AMD 

A MEAUS OF m o e E O  %kT PEJ€cnoll vlCI me 
G W M  s V s ~ ( u n u t e ~  v m c  1s 
EQU\EED - 











LRS STEAM = 6 - 3 % 1 0 ' ~ 3  
Y e  









......................................................................... 
$$$$ LIFE-CYCLE COST COMPARISONS S$S% 

BLDG: RH LOCfiT I ON: CA:SK COOL 1 NG 
PROJ. D IR.  NO. :.. IJIPF' IZOP~CEPTUAL DESIGN DESIGNER: K.  BROWN ::4 

COST OF ELECTRICAL ENERGY. USED9 PER MILL ION BTU = 58 .9300  
C:OST OF :STEAM, GH:S OR OTHER ENERG'$ lUSED9 PER METU = %7. 3 0 0 0  
YEHELY E:"- LLHLHTION RHTE FOR ELECTRICITY 1 6  5 . 7  2 
YEHRLY ESCHLHTION RATE FOR STEAM? GAS OR O I L  I S  8 . 0  2 
'.i'EF+HkLoy' DI:SC:OIJ!'{T RYTE 1 S 8. 0 :.: 
PiUMPER OF HLTERNATI VE:S RE I NG CONS1 DERED ARE 2 HLTERNATES 

HLTERNHTE NO. 1 DHTH (EASELINE:) ........... 1N:STHLLHTION F I R:ST 1ZOS:T. $ . 0 0 ... HNNClHL 0 $.: t l  CO:ST i:LE:SS ENERGY>. 5 .00 ............ ELECTRIlZHL ENERGY IJSED. O MILL ION BTlJ ........ STEHM9 GAS HND .+.. OR O I L  U:?:ED. 6 3  MILL ION ETIJ ....................... ECONOMIC: L IFE. .  Z5 'r'EHRS 

RE:SULT:S 
TOTHL FIRST YEAR ENERSY CO:ST I S  :r;45:3. 6 0 
TOTAL HNNl-lHL I ZED CO:Z:T 1:s $19 062. 3 3  
TOTHL PRESENT MOHTH I S  $11,:340. 00 

HLTERNHTE NO. 2 DHTH (HEAT RECO1v1ERY> 
INSTALLHTIOPi F IRST IZOST.. .......... $1 0, 000. 00  
ANMI-IHL o 8: M IZO:ST (LE:S:S ENERGY). ... seoo. o g  
ELE1:TRIlZHL ENER1;'r' USED. ............ 3. 7 MILL ION kTl-1 ....... :STEAM? GHS AND.2"OR O I L  U:SED.. O MILL ION ETU 
ECONOMIC LIFE.......... ...?.......-.... 25 YEHRS 

RE 3 lJL T .T 
TOTAL FIRST VEAR ENERGY COST I S  :f;:3:3. 04 
TOTHL HNNUFjL IZED COST I S  $19 195.44 
TOTAL PREZENT NORTH I S  L ! g l ~ 9 7 6 6 . 9 1 1  

*+*B I :sI:OUP~TED PHi'BHlZK PER I ODS*r* 

.TO GO FROM HLT 1*  TO ALT 2 PAYOFF PERIOD I S  GREATER THAN '$5 YEARS!!!! 
:~:H1$1 t{Ij:z.,'It{VE8T[Er{T I;I'HT 1 0  15: . :397 
ENERGY SA1.:' I NIS:: 1'5 14:39 24'3 BTCl PER APINClHL D I  SCOUPiTED INVESTMENT IIOLLRR. 

- LOMEIST 1Nl:REMENTAL 1M:Z:TALLHT ION F IRST COST ALTERNATE 

:S R 1-1 1. 330 UPITS. 

RUN COMPLETE. 



7 - i ..... I] 2..' 0:s . 1 0 . 1 5 . 09  . 
PROGRHM L IFCY 1 

....................................................................... 
$!%5% L IFE-CYCLE COST COMPARISONS SSSS 

BLDI;: RH 
PR0.I. D IR.  NO. :, l.dIPP l:ONCEPTCIHL DESIGN 

LOCAT I ON: CASK COOL1 NG 
DESIGNER: K. BROWN ::3 

COST OF ELEIZTRICHL ENERGY, USED? PER f l1LL.ION ETIJ = $4.6800 
I:O:Z:T OF 9:TEHHr ISAS OR OTHER ENERGY USED? PER METCl = $7.2000 
'fEHRLY ESIZHLHTION RPTE FOR ELECTRICITY I S  5 . 7  2 
'T'EARLY ESCHLHTIUN RATE FOR STEHM, GAS OR O I L  I S  8 .0  :< 
'y'EHRL'r' D1:SC:OUNT RkTE 1:s 8.0 ,Y 
NUMBER OF HLTERNAT11v'E:5' BEING CONSIDERED HRE 2 HLTERNHTES 

+**RESULTS OF ECONOMIC STUDY *++ 

HLTERNHTE NO. 1 DFfTA (BHSELINE) 
IN:STHLLHTION,FIRST COST............ $. 0 0  
HNNIJHL 0 $< M COST (LESS ENERGY:). ... $. 0 0  
ELECTRICHL ENERGY USED............. O MILL ION BTIJ ........ :::TERM? 15fl:Z APID..~.OR O I L  IJ:SED. 63 M I L L I O N  HTlJ 
ECONOMIC LIFE............;............ 2 5  YEAR:? 

RE.XULT:S 
TOTHL F IRST 'I'EAF: ENERGY COST I:S $453.6 0 
TOTHL HNNljHL 1 ZED cO:ST 112 $ 1 9  Oc02. :32 
TOTAL PRESENT !JORTH I S  :5119340. 00 

AI,TERNHTE NO. 2 DATH (HEHT RECOVERY:) ........... INSTHLLHTION F 1R:ST C:U:ST. :%I 0 9  000. O U  
YtJPiI-lflL q ::.: M II:OST <LE:s:s ENERGY) .... $200.00 ............ ELECTRICAL ENERGY USED. 3 .7  M I L L  ION BTU 

.... :ZTEHM? GH:S HPiD OR O I L  U:SED.. ....... 111 MILL ION ETU ....................... EIZOI.iOMIC L IFE. .  25 'i'EARS 

RE:SULT:S 
TOTHL FIR:5'T 7EAR ENERGY COST I S  $17.:32 
TOTAL HNNUHLIZED C'ClS:T I S  $1 7 167.  B l  
TOTHL PRESENT MORTH I S  $129 466.14 

***D 1:SCOIJNTED PAYEHOK PER I OJJS*** 
. . 

TO GO FROM HLT i* TO ALT e PHOOFF PERIOD IS GREATER TWHN e5 YEARS!!!! 
.? .,nl.:'IN - I~:~;...'IN~~,.'ESTMENT RHTIO 112 . :387 
ENERGY :SH1.) I NG:z 1 S 1459 2 4 3  BTU PER ANNUAL DISCOUNTED I NVESTVEWT DOLLFIR. 

- Lol,,,iEST INCREwENTHL INSTA~LHT ION F I R:ST COST ALTERNATE 

:S R 1-1 1 . 2 2 8  IJNTS. 
. -4" 

RUN COMPLETE. -.* 



I . . .  VL.' ....... *:, .:........ 
PROGRFiM L I F C Y  1 

BLDl3: RH LDC:HT I ON : CHSK. C:ODL I NG 
FR0.J. DIR.  NO. : W I P P  C:OPil::EPTIJAL DE:SIGN DESIGNER: K. BROWN ::E 

II:O:ST OF ELECTRICRL ENERG'! U:SED, PER M I L L  ION. RTU; = .!I;4.6% 00 
Co:s:T OF STEHR~ SHS OR OTHER ENERGY USEDY PER MBTU = ! g 5 .  ~10011 
'.,'EHRL\,' ESIZALHTION RHTE FOR. E L E C T R I I ~ ~ T Y  1:s 5.7 >; 

, . . . YEHRLY ESCALATION RHTE FOR :sTEHM. GA:S OR O I L  1:s 8 .0  7.: 
YEARL'r' DI:3IZOI_INT RATE 1::: 3 . 0  2 . . . .  . . 

NllFlBER OF HLTERNHTI VES bE ING CON:SI IIERED HRE 2 HLTERNHTES -. , 
. . 

***RE:~l-lLT:~: OF E[:oNQwIC: STlJB'r'***, . . 

ALTERNATE NO. 1 DHTH 1:;EiA:Z:EL I HE::# 
1N:STHLLAT ION F 1R:ST COST. ........... $. 00 
HNPtUHL q & M CO:ZT (LE:zS ENERGY:>. . , , 3.00 
ELECTR1C:HL ENERG'r' IJSED. ..... : ...... O Fl I L L  ION BTCl 
:STEHMy GA:Z: HNJj.>'OR O I L  I-ISED.. ....... 133 M I L L I O N  BTlJ 
EC:UPiOPlIC L I F E .  ............. ;. ......... 25 'V'EAWS 

TOTHI, HNNI)fiLI,TED C:o:;T 1:s : f ;737,7~> 
TOTAL PRESENT I.ilORTH 115 !STY B75.  00 

ALTERNATE NO. E' DHTH (HEHT RE1ZOiIERYzi ........... INSTHLLHTIOP~ F IR:ST COS:T. $1 i 1 9  1:11?0. 00 
HNNI-lHL q h CO:sT <LE:S:s ENERG'1':s .... $200.  n o  
ELE1:TRIC:AL ENERG'? IASED. ............ 3. 7 M I L L I O N  BTU 
:STEAMr 13n:z RP{D ... ..Oft O I L  U:TED... ...... O M I L L I O N  ETlJ . 
ECONOMIC: LIFE......................... 

25 '.,JEHP:r: . -. 
I :  . 

TOTAL HNNlJ#LIZEu C'O:zT 1% $1 7 167 .81  , I 

TOTAL PRESENT UORTH 15: $129466 .14  .. 
. - 

- L-~I,,!E:~T 1piC:REMENTAL Ip4:5:TALLHT ION F I R:ST COST HLTERNH'TE . . 

RUN il:OMPLETE. 



E:CDI~: RH LOCATION: CHSK COOLING 
PROJ. DIR,  NO, : W ZPP 1;OMC.EPTUHL DESIGN DESIGNER: E. BROWN ::I 

I=g:$T OF ELECTRICAL ENERGY ClPEDz PER N I L L I O N  PTIJ = :fi8.9:3[1[1 - 7 .-. CO:$T OF STcHMr 1 ~ l - t . ~ .  4 R  OTHER ENERGY 1J:SEPs PER METI1 = :$5, 0[101] 
YEARLY ESCHLMTJON RATE FOE ELECTRICITY 1 9  5 . 7  :.: 
'I'EWRL,'I' ESCALHTICIN RATE FOR :Z:SEHM, GH:S Of? OIL I S  :3.O 
VEePL'i' PI$CQIJNT RMTE I S  8.0 ?.; 

P~~JPIBEF: OF HLTERNHTI VES BE INF I::ONS:I DEREII HRE 2 HLTERNATES 

FtLTER,NHTE PiQ. 1 DHTA (BA$SL INE> 
INSTRLLHT ION F 1 R:ST COST. ........... $ . [I o 
ANNLlfiL O ::: P l  l=:O:ST l:LE!S:$ ENERG'f:,. , . . g. 0 0  
ECECTf?ICH& EriERGY USED. ............ O M I L L  ION BTlJ 
sTEAMr GR:5 HND.!'Or;! O I L  I-I:~EJI. ........ M I L L I O N  BTIJ 
ECONOMIC L I F E .  ........................ 25 YEHRS 

F1LTFRNFj'IG  if. Q DHTA ltMEAT RECOVERY:? ............ . XN:ITMLLflTPON F I R S T  CDST !E11:1~000.015 
HNNIJHL :$ N cu:$:T 1::LEZs: ENERG'+> ! , -Q - . .... S;=ljO. l]8 . 
EL~C:T~TI:AI,. ENERGY U S E ~ .  ...,,....... 3. 7 MILLION BTU ........ !$TS;flM,r FAS WND..,qPR O I L  U:SED. O M I L L  ION ETlJ . ..... tFL;IritlM!F LIFE. ......,........ , ,. 35 '.iEHR:$ 

RESI-IL T:: 
TOTHL F IR:$T . YEAR ENERI~P IZOST 1:s $:3:3 . 0 4 
TOTHL HNNIJWCIZED COS:T I S  $ 1 r 1 9 5 . 9 9  
T ~ T F ~ L  PRESENT I .~ I~RTH I S  : ~ 1 2 ~  766. 9~ 

70 130 FRPM GILT 1* TO PLT 3 PRYOFF PERIOD I S  l;REHTER THHN 25 YEARS!!!! 
:::MY I N 5 3  ..... ~PilU'E:ITMENT RHT 1 0  I :9 . 5 1 1 
ENERS'f I N G S  ;I :% 1489 249 ETIJ PER RNNUWL DISCOUNTEP INVESTMENT DOLLHR. 

.* - LOVEZT INI~REMENTI~L INSTALLHTION FIR;$T CO:ST HLTERNHTE 



C H O L M E S  & N A R Y E R .  IN;. 
E N G I N E E R S  - CONSTR'UCT,ORS I , 

PIIONE - TALK 

TO: K. R. Brown . .  ate: September  3, 1976 

. . 

FRCX: B. Stcinbaugh, Sandia Labs. Page 1 o f  1 

SUBJECT: IIJIPP - ENERGY COSTS AND I V ~ T C R  SUPPLY 
I 

Bob called wlth thz following energy costs: 

X;..tural Gas \ . 
Fuel  Oil 
Electr ici ty 

Sar:dia currently favo 
to car ' ry both Double 

,rs the Dou 
Eagle and Carlsbac! through thc cost  e 

UCP 

would iiire 
s t ima  te 

~ l ~ a s c  of the. project. 

I requested thzt Rob investigate fur any available rainfall 'data :Y? 
the vicinity of ti;e s i te  for  ukc in hydrology studies. 

Dr2wixrgs of the Supcr Tigel* and 600 s e r i e s  ATMX c a r s  a r e  being 1 

sent  in .the rnail to F & S  and I lLN.  

cc: L. Scully, Snnd in  J ~ b s .  
B. S t c i n b a u ~ ~ I ~ ,  S? r ~ r l i a  L;L~J.+. 
J. Ash, F e n i s  b Scisson 
M. XS1,ttakin.r' 
A.  Dunhain  



. ' . ERDA S ~ A N G I  3TU C~NVERSI! N f A C T O R  
. FGFl E N E R G Y  COI;SERVA.TION - REPOT.T1:4G (fi 

! ;;,=I 
I ..4:. 
I . .  ;j'; I '. ... , . ,. : 

4. a , - .  >. ' .'. - -. . .. ..; .. 
3: .. 

* %. .-. 
.<. ?. . .. . . : ... . . : 
.:' . 
.< -: 
' C .  

' L. -.:- . . -. 
k ,. 

' ,'C . 

5-y. 
* .. - i,.. 1 . I 

. ( .- . 

Fora o f  Eneray Btu Cantent 

. . Elec t r i c i t y  (2)  11,600 Btu/KWl( I..'' ' 

Fuel Oil 138,700 B ~ U I G ~ I .  " '." - . .  . . 

Nztural Gas . . - .  1,031 Btu /C.F .  ;' : ' . ' .  , 
. . - ! ,  . 

LPG (3) . . 95,500 Btu/Gal . I/'- 
,:. ' . 

Cool . . .  . 24,580,000 Btu/Short ton 

Other (Exznpl e s )  - ~ t e a h .  (4) . . 1,390 Btu/Lb.  1 : ' " '  . . - Chi1 led Water. (5) 24,000 BtuITon-hour . . . 
' - Methanol 63,500 Btu/Gal. . . 

9 B i u  x 10 Der Reporting Unit 

Xl.0116 per K!iH (Megawatt hour) 

0.1387 per  1003 Gal i on  . . 
. . 

O.OC1031 per 1OGO C.F. 
. .  . . . 

0.0955 per 1000 Gal. 

0.2458 per short  ton 

0.00139 per 1000 Lbs. 
0.024 per .  lC00 ton-hours ' . I 

0.0635 per 1009 Ga 1 . ' i .. . . .. 

125,000 8 t u / ~ a l . . ~ l  ' 0.125 per 1009 Gal. Autcco t i v e  Gas01 i n e  . . 

.'C '. . . m .,. Diesel 138,700 a t u / ~ a l .  :.' . 0.1387 per 1000 Gal. LE - 
... - 

/ *  ' - . . w 
.' . .-.. . . Aviation Gas01 in2 125,000 BtulGAl . be 0.125 per 1000 Gal. U 

. . -4 

. . .  . . ... 
::.. ): 

' .:. . 
.--.* . . -. 
.i J .  
; .: . . . , -. . .. . . 

: .:* ; ! .  . .- 
. C .  .. - . 
: .. . 

a -. . 
> .  

. . 
, . .  . . 
, . 
' .  . . 
( : : 
, '. 
. .. .. 
: :. . 
, :. 

. ' U  
&t Fuel . 130,000 Btu/Gal . i-' . . . 0.130 per 1000 Gal. 

. . . . 

(1) The use o f  different conversion h c t o r s  is  pqrmi t t ed  only where .such fac tors  a r e  ident i f ied  and justi .f ied. 
and i s  subject t o  FCM approval. . . .. . 

' 

(2)  Electr ic i ty .  - Assunes 10,536 B t u  per KWH generated a t  s t a t i on  and 9% 1 ine loss .  
. . ( 3 ) .  Includes Propane aad Butane. 

( 4 )  ' kssuzes l O G O  6tu per pound of steam generated at boi le r  plant. '80% boi le r  e f f ic iency  a t  11% i l n e  ioss .  . 
(S! Assuc;s 12,000 B t u  per ton-hour, and overall  eff ic iency and 11% l i n e  loss .  m .  

;J - w-. 
b . . ..? . . . . 

. . 
. . > 

-a 
J 

. . c .. - 2- 
d. j:; . : X 

1 -.; :.-. .: CI 
: . . .  . c. 

s* - 1 7.: . . 
0 

, \ - .  





14050 DATA " . . Ri-o w n a* 1 P r  . Dr. No. - P$ 

1 )  I &H+ BR~WAI n Designer - D$ 

INPUT DATA 

-40 070 DXF.1 $8.93 :'4-.88 j \Cost  of E l e c t r i c i t y ,  P e r  H3TU - C2 

080 D.:.TX $ 5.00 (7.20) !Cost of S t e m .  pas  and lo r  o i l ,  p e r  mTtf-C3 

090 D?.??, 5.7 % !.bnual E l e c t r f c i t y  E s c a l a t i o n  Rate, Z - R1 

4 . L - -8% ]Annual Steazt. Gas o r  051 E s c a l a t i o n  Rate, 2 - It2 

I10 F>.T.4 8 % !Annual c o s t  of Voney (discount  r a r e ) .  2 - I 
120 DATA 2 Number of Al te rna tes  ba ing  considered - H 

[ 4030 D.4?A " 7-RU & ~ / ' / j $ 7  ** 

Carlshdrl. rn 

.B , ( e / i ~  ? " I ~ t e r n a t e  s a n e  
I 

Bldg. Name -- K$ 
Location - JS 

4140 DXTX' ' d I n s t a l l a t i o n  F i t s t  Cost - C 
, 

0 Annual ObY Cos: ( l e s s .  energy) - ,ZI 

P. - 
4 ..? Economic L i f e ,  Years - N 

1 

A l t e r n a t e  sane - AS 

- 
6 3  

I n s t a l l a t i o n  ~ i r s t  ~ o s i  - c 

Annual OdY Cos: ( l e s s  energy) - H 
3.  69t6 m"mlAElectriral Energy L'sed. STJ - E 

S t e z ,  Gas and/or O i l  used,  E5Tt' - S 

E l e c t r i c a l  Energy CseG, XBTU - E 
+6 

St+=, Gas a ~ d / o r  Cil used, !-!3iU - S 63 . 

25 ] E c o n c i c .  ~ i f e ,  Years - N 

.. 



FOlrW A T . 6 6 I l )  ( 1 . 7 5 1  

CHECKED - DATE 
HOLMES 6 NARVER. INC. ,,, 

ENGINEERS-CONSTRUCTORS 
.DO 

400 E ORANGETHORCE AVE 
APPROVED DATE ANAHEIM, CALIF. 82801 

T I T L E  WJPP-HVAC f b i 4 ~  & L ~ w L ~ ~ t / f d ~ i / i t i e l )  BV DATE 1-2 0-77 

"v" ~ a t k r r  
LJa/I$ 0 ~ 0 9 7  I 

R b 0 f  0, o r  
5-1 ah. 0 , / 6  

7 0 t a  } E ~ v i  ve TP h p  Dig. Correeh'o, 

/ n s i d ~  75-32 = --7' ~ u f s ; d t  9 9 -  8 5  = /do 
hfr/ ~ o r / c r / ; ~ r  = 14-7- 70r  

.- . -- 
H j j A  C e v e  l Fa(*  (dip B& 

51, rimer / r ~ i d t  t +7. = 
2 9-*i = 9r.s 4 T r  1 0 . 5 " ~  

Wifittr / M S ; ~ P  +7; - 2-5.43 
2 - 07: 22 .0  O F  

iz 



F O M  AT-6alll 1 ! - 7 S l  
- .  . 

HOLM5 6 NARVER. K , ,, 51, 
IECKED DATE ENGINEmCOMiTRUCT006 

400 E. ORANGETHORPE AVE. 
'PROVED DATE AWA~EIM, CALIF. ~ 2 8 0 1  . r * ~ ~ r L o i  

3 

Roo f $0 0.25 

R o o j  ;.J 0 . 3 3  
/. r v / l r +  ;o)r (AS id-3 %".I 9 . 6 8  

S l a b  ( ~ o r c r t k - I z " )  / a  32 
4 5.92 

~ 2 . 5 ~  



FORM AT. 8 6  ( 1 I ( 1 - 7 5 )  

CHECKED DATE 
HMMES 6 NARVER. MC. ,,, fil 

ENGINEERS-CONSTRUCTORS 
8 PO 

400 E. ORANGETHORPE AVE 
APPROVED D A T E  ANAHEIM, CALIF 92801 S H E E T  3 OF 3 
T I T L E  WIP? - -H VAV BY DATE 1-20'77 

M u I f i p l y , ' n g  f a rh r~  494:ooRN- J v m ~ l * ~  

S w D o o r  6.65 (zY+?') 2 2 . / 
/S o a i  0.0 03+7  2.4  

I W i w  t e r  

------.- .--.---..--- -.-----.--.-. ---- ....---.---.----- 

i A Level ( ~ d i g ~  Day) 8 4:oo P . 4 .  SS,, T i m e  

W a  rl 
9 

0. 5 0 2 5  ( 1 4  -/*5J 6.28 

A/w wa 11 0 . 5 0 2 5  ( 1 3 - j . 5  5 7 7 9  

A / W  Door 1. o ( z / -  h5J / 9.5 

SF b/al lc  0 . ~ 0 2 5  ( 1 5 - ) . 5 )  6. 784 

S E  Door 

SW W a l l  



P O W  A T - 6 6 l O  1 1 - 7 s )  --.-.-- . 

CHECKED DATE ~~OLMES' ENGINEERS-WNBTRUCTORS 6 - A  , 00 
460 E ORANOETMORPE AVE. 

APPROVED DATE ANAHEIM, CALIF. 92801 ' SMEETI or /. 

I -f?' P r e a  Area 



CHECKED DATE HOLMES ENGINEERS-CONSTRUCTORS 6 NARVm* m* ,,, ,a St q/. ,oo 
400 E ORANGETHORPE AVE. 

APPROVED DATE ANAHEIM. CALIF. a m 1  ' SHEET- or L 

on load inr  V / Loa4iwl J A y e &  .-- 



- 

HOLMES & NARVER.'MC. , ,, ,,; . . g~ . 5 CHEClED . . DATE 0 0 .  , 
ENGINEERS-CONS7 RUCTORS 
400 E. ORA~NQETHORPE AVE. , . 

APPROVED DATE ANAHEIM, CALIF. 92d01 ' SHEET - 0 F. 

NW Wall 6 4 ~ 2 4  / 5 3 6  /* 94 
S W  'H/cxll / O O > c 2 4  2 400 A ,  13 4 
SE Ma!/ / & D ~ z S  3 844 2 e 134 
Roo f 37,000 @ 3 7, bop' 2*.4 : 

L ; j h + ~  e4d /+ '  3;: O M  13 .05  
f l o b r ~  ( 2 - 2 0 k  s*,'p$t?o @ f s %  v s a p  . " . 

/360+326 @ / a d  
?poP/t' ZS@ 300 8 ~ 6 ~ ~ s )  
O ~ / J  &/I'LCOVJ 12 0,000 4 6 x /.oS 



F01* A T - O O ( 0  t 1 . 7 9 )  
7- , , 

CNfClhO v D A T E  , 
HOLM€S 6 NARVER. IK- ,,, ,. $A 51 

ENGINEERS-CONSTRUCTORS 
* PO 

400 E. ORANOETHORPE AVE 
APPROVE0 , , . . D A T E  ANAHEIM, CAI,IP 82801 

N w  wall 4 6 S 4 0  3 840 
$ N  k / d  33h40 1320 
SWWa11 33~25 8 25 
$ E  Wall 64x15 9 b O  
R o o f  5 2 3 0  
L ;gk t s  g 4 4 9  5230 
/Yo f o r $  40 1P I-OZ ord 



CHECKED ' DATE 
HOLMES 6 NARVER. MC. ,,, ,,. 

ENOINEERS-CONSTRUCTORS 
82 $1. do 

400 E. ORANOETHORPE AVE. 
APPROVED D A T E  ANAHEIM, CALIF. 02801 ' s " i r 7 5  or 6 



CMECRED DATE 
HOLMES 0 NARVflL M. ,m **-/ 

E N Q l N E E m - m m m  
, bb 

400 E. ORANOETMORPE AVE. 
APPROVED DATE ANAHEIM, CALI?. 92801 . q i E r 6 o r  6 

T I T L E  TA V Wa.~1 n M or~r /a-77 

Loagihg Area 5 5 2 , 0 2 0  r o ~ ;  3 5 1  

I h v 4 / ~ r e p .  Area /, 67bJ40o 2 ,  240 

Area 



CWECIED OATE HOMES ENGINEERS-CONSTRUCTORS & NARVER. INC. ,,, ,,. 8~ 51, 40 . . 
400 E. ORANGETHORPE AVE. 

APPROVED D A T E  ANAHEIM. CALIF. 92801 SHEET / ' o F 6 
ti F ~ c , / ~ ) Y  

. 
T I T L E  Mi P P - - BY  DATE^-/^-%? 

/ h  { C T  n r / A err f g a i n  a s s  v hp  f ; * n ~  

53 679 
573 384 

Ho;str - 160 H @ / D ~  u s s g f -  /60;3072*,1 = - 45' IJZ . 
 car*^ 1@ lo  I&% " S c t f e  - 2 0 ~ 3 s ~  xj.0 = - 6 1  440 
T ~ r n t a b l e -  5P@ / ~ % o s q ~ e -  5 * 3 0 7 2 ~ . 1  - / 536 . .  

& f ~ r  Wark 2 0  q@ So% osage - 20r3072r .S = 30  720 
peep le -- 4 wort ;WJ @ 6300 g ~ v  ~ e ~ ~ i b k  - I . z o o  - 

I mod. acf.0 250 BTU ~ c ~ i b k  
- - 5 0 0 .  

7.71 0.11 

J - c & ~ r  - 8 cans @/OO%+/O@S% - 13 ~ 3 . 5  K W  - /r529/ 
H o i s t  - - # O k P @ / o o Z  u r a g e - 4 0 * * s o l t x 1 * 0  - - 122 Sao 
Elevafor - Z S P Q  Io% t ~ s . r j e - Z s ~ ~  072 r . I  - 

- 7 680 
f l i ~ c . f l ~ f a p ~ -  1 0  #@ 9% u S Q j f -  l o  x367Ls*s  - /5 360 

324 146 



FORM 1 1 . 6 6 1 0  1 1 - 7 5 )  

mXMES 6 NARVER. INC. ,,o. 32 51. 00 CHECKED DATE ENGINEERS-CONSTRUCTORS 
400 E. ORANGETHORPE AVE. 

APPROVED DATE ANAHEIM. CALIF. 92801 SHEET 2 0 F 6 4 

TITLE W l P P  - , G V A  C- /?H F a c / ' ) / t ~   DATE^-/^'^ 

A rea Fnc f o r  G01ir9 F a c t o r  &ntihg 
c)r 8 ru B T u  

S E  W U ~  5 4 ~ ! D =  2700 2.134 5 r6l  4.267 /) 520 
Roof  54x72 3888  2 *4 9 3 3 1  3.52 13 484 
L i g h t s  3 88% /3.052 53 627 

573 384 Cash 40 x /I74505 
)S 0 js f-3 / G O %  3072 x . I  +? 152 
c 2 0  x 3 0 7 2  x l . 0  61 6'40 
7urn habke 5 g 3 0 2 2  x 8 )  / 536 
W q h r  lJash 20% 3 07g % #s 36 720 
P@ op /P / & O o  + 5 0 0  I 700  

OM (w/rrc ~ v e r j )  19,440 4 h%).oB 125 97/ )s.(xl .o8 3 2 3 3 2 6  
912 074 348 532 



CHECKED DATE 
HOLMES 6 NARVER. MC. ,,, ,, 

ENGINEERS-CONSTRUCTOR8 
8ZS/. 00- 

400 E. ORANGETHORPE AVE. 
APPROVED D A T E  . ANAHEIM, CALIF. 82801 . SHEET o F 6 

S E  LJa I I .  
A o o f  
L ;  A t :  c f 

4s k 5  
4 o i s  t 

k-le vatb v 
fl;, c.- f l o  fba 
0 SA 



DATE HOLMES 6 NARVER NC ,, ,. ENGINEERS-CONST RVCtORS 
g z u *  0 0  

I 400 E %RANGETWORPE AVE. 
APPROVED DATE ANAHEIM, CALIF. W t  ' 

TITLE W/PP HvA 
L 

.I L- ~ a c i ' / ; h  n orrrZ- I4-77 



_ . .. ' FORM A T -  6 0  I 1  P I I-.7 S) 

CHECKED DATE 
mKMES & NARVER. INC. ,,, ,,.. 5) 

ENGINEERS-CONSTRUCTORS 
00 

400 E. ORANGETMORPE AVE 
APPROVED DATE ANAHEIM. CALIF. 92801 SHEET 5 OF -4- 

* # 

T I T L E  W /  P P - N v 4 C  - R H  f g ~ /  /re or /W - ' D A T E Z - ) ~ - ' Z ~  

Area F a c t o r  'Coai;ng Facfor  #&;nj 
/VW Wa lI 
S W  Mall 
f w Door 

\ 

NE wall (ko  ti^,) 
/I/€ Do07 

R oof 
L i!, k t r  
HO , s t  
Pebp le 
0 5 A  (w/recovery) 23, 466 f 



CHECKED DATE 
HOLMES C NARVER. M. ,,, ,, 825/, 0 0  

ENGINEERS-CONST RUCTORS 
400 E. ORANGETHORPE AVE. 

APPROVED DATE ANAHEIM. CALIF 92801 SHEET- OF 6 

A p e a  Fs~tor 
dr 

NV U a I l  / b J x / S  2505  1e94 
Std 'idall 8Z ~ 1 . 5  1 2 3 0  2.134 
3 E   all 37 TI35 2. /34 
R o o f  E ~ z  $ 3 9  3 / 9 8  2.9 
L kfr 3/9 8 @3 ~ ~ f t ~ / s C  10,237 

L t ? ~ , ~ m ~ n f  3 / 4 8  B 2  WAS/*  6.826 
Pe op k /o t ~ ?  25-0 ~ r u  s e ~ ~ ; b I .  
& A  73004@/0% = 7304 1 7 x b 0 8  - 



CHECKED DATE 
HOLMES 6 NARVER. INC. ,,, ,,,.me J 0 

ENGINEERS-CONSTRUCTORS 
400 E. ORANGETHORPE AVE. 

APPROVED DATE ANAHEIM, CALIF. 92801 . SHEET 1 OF 1 
I T I T L E ~ J ~ / !  ol Hint E x b .  A i r  LVA  HE+&^ S i n k  DY M(  DATE,!/-/^-^^ 

A S : V M P  e g h a v ~ t  air U S  8 5 ' F  - $ 4 8  R.H. 
(with sprayed to;) = 73OF -90% R.H.) 

Sink r e ~ u ; r e d  p e r  bn o J  P ~ S O P ~ ~ ; O M  ~ C / p ; ~ ~ ~ . d ) l b m  

= l 2 , o O O  + /B,aa, -- 30, om nn, 

* Took 1 s i h k  available = / 0) roo, a0 
--= 360 L s  





A d n i n i s f r a  P I I ~  814. 
1- 2-  w L ~ e o i p .  Aea+puyz 29- 
2-  2 -?s k, ecslivy t o w f a  82,300 
3- 4-10rp P Y C C ~ S  @ rss 
4- / heat r x c  k-pcr @-7m 
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A l f . 2 -  Base  + & ( w / r ~ r c v p ~ ~ )  . 
" '?'YY use ut/ 89r J 636 ww = 3057 

L he& - l&: 37'2 



,.-.- 2: 

i \ ' 
These cham represent t h e  avenge BTU's per day p r  month that can be mllecnd a Rwpak solar p d .  For loutions 
shown, merely pick the amount of heat you need a d  thr Ant a n  toll y w  how many p m l 8  m ~oded.  

i 
E~ample - arerags home - family. of four - 140' hot water uuga - 18 ~ 1 .  per Penon 

Amount of w8te.r needed - 60 w1./140° 
Incoming water temperature - 6 0 ' ~  
60 gal. X 8.33 wt. per gal. water499.80 Ibr. 

' 1 BTU will heat one Ib. of water lo per hr. Thus 1 0.81. of wanr can be heated 

1 X 499.80 Ibr. = 499.8 BTU's for 60 gal. at lo 

Thus. 499.8 X 80 = 39,984 BTU'r needed to  heat 60 gai. of water to 140'~. 

EXAMPLE MAY NOT BE APPLICABLE IN  ALL LOCATIONS 

APPROXIMATE BTU PER DAY FOR ONE MODEL 
MBTU 

PER DAY SG-18P SINGLE GLAZED COLLECTOR 
. AVERAGE 

APFROX. LATITUDE 

~ l f Y  SUPPLY 
FINAL WATER TEMP 
PANEL FACING 
WIND VELOCITY 
AMOUNT OF SUN 

PER DAY 

140.F 
SOUTH 
LIGHT . . 
U.S. 

WEATHER 
BUREAU 

----- PHOENIX 
- .  

LOS ANGELES . .. 
. ....... ... ... SAN DlEGO 

---- ALBUWERQUE ' :."; 

- C A R L S B A D  

J F M A  ,r,.y,-'7r/M'2r/J 2405 $A"L-S-O-NyD 
MONTHS 

' ., 23.5 23 2I*?s 6 5  ' .:? 15 " Lz3 '75 ~ 8 % ~  
; . .I , I 

. .-a C ., .. .-.' ;*-::. .. .!',.;,r5 ::' 
J nl ,!. ., , *! ,- 2 !> +!.. f I ; ' . .:.,<w.,:,+, .-, . , I  :/ ?a :, .8 C; .,, !: :> :.P(;: ik ,;, -!*,: 

-. . 
L. 

, + ,. : . 51- kl) - - 1 3,646 BV/W 



Civil  Calculations 



WIPP - WATER SUPPLY AND SEWAGE 

TREATMENT 

DESIGN BASIS 

The WIPP facility include; a water  supply and distribution sys t em and a sewage 

t reatment  plant. The s i te  population i s  approximately 400 on a 24 hour basis ,  

and the sys tems a r e  designed on the following basis: 

Gal lons/Day/Person 

Water Supply 

Sewage Treatment  

The capacity of the sewage t reatment  plant exceeds the water  supply sys tem 

capacity in o r d e r  to account f o r  sys tem surges.  If the two sys tems were  designed 

for  the same capacity the sewage t reatment  process  would be unable to accept  

surges  in flow. The effluent control would suffer a s  a result. Using a des ign  

philosophy which allows f o r  surges  resu l t s  in  a higher quantity sewage t reatment  

plant. 

The W I P P  facility peak water  demand will be based on a combination of f i r e  control 

flows, personnel demand flows and process  requirements.  The peak 8 hour demand 

flows and process  requirements.  The peak 8 hour demand will therefore be: 

Lapacity Gallons 

F i r e  System Make-Up 

Domestic Demand - 400 x 50 

P r o c e s s  Demand 

Total Peak Demand 160,000 

Pealc Syetcm flaw iii Llle eight hour period will therefore be: 

Peak Flow = 160,000 gallons1480 minutes 

Peak Flow = 332 gpm during f i re  water  make-up 

::: F r o m  Sandia Design Cr i te r ia  



Page  2 

Average  dai ly  demand will  be  based on total  s i t e  population pe r  24 hours  day 

plus p r o c e s s  r equ i r e~nen t s .  

Average Demand = 400 people (50 gpd ) + 5000 gpd ( P r o c e s s )  
person  

= 20,000 gpd + 5000 gpd 

Average Demand = 25,000 gpd 

Average Peak  flow during 8 hour period = 25,000 = 52 gpm Average 
400 

Due to thc sma l l  s i t e  approximately 1000 fee t  by 2000 fee t  and containing 11 

buildings having 164 plumbing f ix tures  and a kitchen with a total  of 902 f ixture  

uni ts ,  the 902 f ixture  units requi re  a peak flow of 200 gpm. 

A duplex constant p r e s s u r e  water  sys tem with 2 - 100 gpm pumps a t  60 psig 

will  dis t r ibute  the domes tic water  to the buildings. 



I UICCKCD DATE HOLMES & NARVER.INC- TECHNOLOGY- CONSTRUCTION 
A ? ? ~ O V E O  DATE 400 E. ORANGETHORPE AVE. 

ANAHEIM, CAUF. 92801 
s n s .  or - IT,, d l p p  - W A ~ F E -  BV.-DA 2-22-77 

L/SE DL/?LEx C O N S T A N T  P I E S S U k 5  S y S r d ~ .  ' 

200 6 Y f i f  A T 60 PSI F ~ i f  O I J t R ! B  d f10) . ) ,  

MO 

5 
2 
LO 
3 
I. I 
4 

I 
2 I 
16 

, 6 
12 

-- 

PEAK W A T E R  DEMAjqQ B Y  F I K T U P E  ; u N i f s  
770 7% L s r rt'. 

W A  T E #  C L b d C f  40 % /a = 400 
U R  / N  A . 1  24  5 = 1.20 
L A V A T O R Y  40 ~ ' 2  = 8 0  i ~ t i 0  W ~ - K  4 0 ~  4 = 1.60 

1 D R I N K  lo x I 
1 10 

I JAt-4, S t & &  t - 3  = 2 4  
FOOT flAS1.I 2 ~ 6 .  =a E 

i K I T C H  E N  - = ZOO . . 
. . 

B U ' I L D  I N G  

M A N / M A T C - R I A L S  

A D M  IN JS T R A  TI0d 
rrPU W A S T E  
\ N ~ R E H ~ L I ~ E / S H O P S  
N O / S T  HOUSE 

V E H I C L E  MAIfYTEEICF 
G 4 r e  H ~ V S C  
M I N E  f / L f E <  

E M E R G E N C Y  P o W E e  
RAD. WASTE LAr/r/DRY 

R .  H .  ) ~ V A S T P  
----- -..-- .- . 

7-D T A  L 

I i 
! 

i 
FN& D.F 

1 

I 

/ b  
. . .  

PJ G 
SH. 

. l O . 2 3 - 2  

2 

. I  

I 

4 0  

PllJlvlB I 

2 :  
' . .  

. . 
. . . .  
. . . . "  

. c  

/ 

J.S 

2 
3 
1 .  
1 

- 
g 

. . . .  ' .  1 

. . .  . . :  . . . . . . . . .  . . . . . .  . . .  
.... . . . . . . . .  . . 

. . . . . . . .  . . 
. , 

LAV 

I5 
5 s  
6 
2 
I 
I 
t' 
/ 
I 

7 7 5 2 1  

4 0  

W.C 

10 
/5 
. 5 3  
6 
2 
I 
.I 
I 
/ 
I 

4a 

:,2:: -'..: 

," - 

.. ..- 

U. 

6 
6 

3 

1 

24 



CWCKKD DATE 
HOMES & NARVER. INC. 

TECHNOLOGY- CONSTRUCTION 
JOB N a < / , 0 6  

APPlOVCO D ATC 
400 E. ORANGEMORPE AVE. 

ANAHEIM, CAUF. 92801 
e n 2  ar 

TI- I P P  - W A T e R  D F M / . \ N D S  BV- DA&- 22 - Z?! 



HOLMB & NARVERJNC. cmcrro DATE Jon NO X251- 0.0 
TECHNOLOGY- CONSTRUCTION 

400 E. ORANGETHORPE AVE. s n z a r L  or I P P I O V P D  DATE 
ANAHEIM, CALIF. 92801 

a- W A T E R  DEM'AE~/O tm. W 1  BY E R Q  ' 2-22-72 

W A R E H O U S E  4 SHbfS  
/ / Y l U / z E  1 / N / T S  

. . W C -  6 r 60. 
. . . . . . .  
. . .  u -  J x 5  = ' I  s . . . .  

. . . .  L A V -  6 x 2 = 12 ! .  

.. , . 
. . . . . .  SHOW&&! - 2 x 4 8 : . . . .  . ,  . 

. .I. .:.. ...... 
. . . .  . . . . . .  J, SIN k' / 4 3 - 3 I 

C . . -  , . : :  - 
t b T A L  = v g  F/XJL/RE U N I T S  

m 7 A L  LDPMAdD r 67 6 P M  P E A K  

0 HOUSE 
F I x T U R t -  
W C  - 2 % lo - = 20 
L A V O  2 * 2 = - 4 

7-0 T A  L 24 r t x r m e  V N I T S  
1 T O T A L  O E M A H D -  4 6 4 ~ ~  PEAIC. 

F I . < T u R E  U H I T S  
W C -  I w 10 10 

u -  1 x 5  s 
C A V -  I X: 2 d 

il T O T A L  = 17 f /YT&RE L/NUS 

TOTAL D E M A H D  = 33 GPM PEAK.  - 
G A T E  I f o U S t -  

F / x ~ I / R € '  O N I T S  
. . .  c / = co 

L A V -  ) 2 = 2 .  , , . . 
. . TD7AL  /2 

TOTAL D ~ F / I A ~ J U  26LjPM Pea-< 
- -..- --- - 

E F/LJER 
F / % r U R E  U N / ? S  

I N C -  1 K / O  = 10 

L A V -  / X 2 ;. 2 



CHECKCD DATE HOLMES & NARVER. INC. 
TECHNOLOGY- CONSTRUCTION 

APPROVED DATE 400 E. ORANGETHORPE AVE. 
ANAHEIM, CALIF. 92801 

s n r r r L  or 

Tln = INI P P  - A DFMAAfC),  
BY-- DATE 2- 27 - 21 

R A D ,  W A S T E  L A U N D I Z Y  
T-IVrURE J N J T S  

w c -  / % l o  = I 0  
L A V -  2 - 2 
S H o w r R -  1 4 = 4 

D , f  - 1 8 1  =I 
7 0 7 R L  / j r '  E U  

TOTAL O G M A ~ / D - -  3 3  G P M  PEA#. 

R . H ,  W A S T E  
F I X T U R E  L ~ N I ~ S  
WC. - 7  x r o  = '70 
- 5 g  = 2 5  

LAV.-- 7 A 2 14 
I 
I s+/or/rk15rc 4 = 20 
I - 2 x 1  = 2 
I 
I 

& $ / N k -  j X J  2. 
PTAL = 134 150 

I 
7-07AL D E M P d 1 3  = 76 G P P t  PEA k ,  









Electrical Calculations 



I cwclrco ~ A t l  HOUMES & NARVER.INC 
' TECHNOLOGY - CONSTRUCTION JOlr NO 

APPROVCD D A t l  - +Q) E. ORANGETHOAPE A M .  
1 1 ~ * n ~ t ~ ,  CAUF am1 .w.rr 

TI R€FGL?EMs Ed€C?e" &Cub mus DV 
r - 



RH WASTE FACILITY 

NOTE: These calculations were originally performed 
for the dual preparation/decontamination room 
concept. Room sizes have changed. Lighting 
loads are conservative. 



ILLLSMI~VAYIC;'.! CALCULATIQ"SHEET ., - 
. . For Use with IES Zonal-Caviiy h t h d  . . .  

(See individual data sheets on luminaires for toolticianir Of utilkrlkn) ,; . . . . 
: * 

GENERAL IIJFORMATION . ' 

. . - .  . . . 
Zompany name and address. ............... .&,'A,, !?fr!?$. ................................... .;. ..: 

~ e i i g n  level of illumination ......... ; ... !0; F C .  ... .fhftMj (malntalnsd) 

Calculated by. ..............:... .Date. ........ .Checked by.. ................... .b&e.. ..... .'. . 
> . .  

DESCRIPTION OF AREA AND LUMINAIRE 
, , 
i' , 

Dimensions I ;  

53 8 :i ................ ; Room Length . I 

3Z .Room Width ............... 
..... .'?&. .... .Height of room Between lurninaire 6 work plane (hrc) 

D,S .Distance from luminaire plane to ceiling (hcc) I ............... 
.... 0 .Height of work plane above floor (hfc) ............... . . 

. . .  

Room Surface Reflectance 10 
. 

L u m l ~ l m  

70 . . . .  ................................ ................ Ce111ng Manufacturer 
A 

......... ................ .Walls above luminaire plane Catalog No. ...2 49.9 
.... .Walls between luminaire 8 No. 6 Type lamps ..... A :.e .*.5?. ...'........ 

work plane 4200 . . 
LumensCbmS .......................'........ 

.Walls below work p lme ............... ................ ........ 
20 

Light loss Factor r z . .  ...... ......... ., .Floor. (LLD x LDD) 
. - 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 1.8 ; Ceiling Cavity Ratio =- . 1 ; Floor Cavity Ratio = o 

2. Obtain effec!ive ceiling cavity reflectances (,apr) from Table.8; *= 1; 7 .  
3. Obtain effective floor cavity reflectance (,,,,) from Table 6; m. = 2 0 

4. Find coefficient of utilization from published data (for ,,,, = 20%) C.U. =' . 67 
. . .  

\ 
. . 

N R  O F  - F C O ~  C A N O L I S  x A e I A  

r-lr(?dn~ s L ~ M P J / F I ~ ~ ~ J I L C  I( I U M ~ ~ )  /-p 8 C3 1 ALF 
. ' .  



' (See individual data sheets on lfhb8be~tUr , , , ~. . . 

. . . . .  . - -. I 
GENERAL II\lFORMATION . ' . . , .,. . ., . . . . .  . . . .  . .. ..; ... *.,..- :-.. . . .  . -  - . .  :,:. . .,. . - . . .  . ." ,-' 

' . I  
. A  . - i ' .  I 

. H L , * J L D ~  ................................** . .. ................ ...... ,ompany nameand addreu. .r , .; 
7 4  -*; ..-" ..,. '.e . . . ....... .. ....................................... .............. ..*..*..*..(... Area to be lighted.. , .- 

~esign level of illurilinath.. ........... ,.1 f i  R k c , , a . @ & W d J  .,, .h-l-- c, .--- .; . . . .  
. . 

. I .  

Calculated by. ................ ; . .Date.. ....... , C l m W  w.. ..................... .-. ......... . . 
DESCRIPTION OF AREA AND LUMINAIRE 

. , 

. . Dimensions 
1 . 4 .  . , 

/ 0 :Room Length ' ................ 
I.?. ..... .Reem Width ...... 

..... ..].$;As.. . .Height of room between luminaire 6 work plane (hrc) 
kt.$. Distnnce from luminaire plane to ceiling (htc) ...... ..... 

0 .Height of work plane abovo floor (hfc) ............... 
. . 

L d n  ~ o d m  Surhce Rafleetanm 10 % . . 

.Walls above luminrira pkne 

.Walls between lumlmiro~i  ... 
work plmo 

............... .Walls below work plane 

..... .aQ... ...... .Fieor 

....... ................... c,l.t@g No. .?/?.?. 
.............. .. No. & Type limpa L'. .? .% .G!?! 4 

LrrmsmChmg .... .3.!0.5.. ................... 
78 .. ..................... Ught 1088 Pwtar , ?. ;. 

(LLD r LDO) I 

. . 
SELECTION OF COEFFICIENT OF UTILIZATION , '  

1. Determine cavity ratios using Table A or by formula 

Room Oevity "atio = )3 1 Ceiling Cavity Ratio m ; d ; floor Cavity Ratio m 0 

2. Obtain effective ceiling cavity reflectanccs (p.) from Table 0; p,.= 4 9  . . 
3. Obtain effective floor cavity rellectance from Table 8; M. = SO 

4. Find coefficient of utilization from published data (form = 20%) C.U. =' . ,OG 
. . 



ILLUMINATION CALCULATION SHEET 
For Use with IES Zonal-Cavity Mdhod 

. . 

' (See l nd lv~ua l  duta Meet. on lumlnalrn f a  ceo((ici0ftb'~d u(lll-) 
.. , .. , 

GENERAL IlJFORMATtOAl - .  ... 
, . 

. . . . . . .  
. . . . . .  . . . 

. .  .. ............... .... ........... ' H. A,: e*.... ..; ..........:..... - .-... Company name and addmm. ..; 
. . . + .. ... . .  . . . . .  . . :.. . . 

. . . ,Area to be l lghtd.. ;. .......................................... 
. . 

. . . . .  ........ ... .... . Design level of iltumlnatton; : /.q%%!, ."-"'-'\ (maintatnrd) 
- . . .. , . :. . . ............. ... ;...:.... ........:.............. '08t8. ..:.. .'. Calculated by. :.. .Date. .Checked by. 

, . 

' DESCRIPTION OF AREA AND LUMINAI'RE 
. . 

~im.nsiom 
J 4 ..... ...I )9 ..... ; Room Length . . 

/o  ............... .Room Width ------ 
hlc ....... ..... /3 ,>. ' .Height of room between luminaire & work plane (hrc) . . . .  

. . 
, .  . ..... .Q,.sT. ..... Dist~nce from luminaire plane to ceiling (hcc) " . . .  

.9.. .Height of work plane above floor (hfc) ...... ..... 
I Room Surface ~eflect.n" 10 % ' ' . . L d &  . 

. . 
7 6  

. . .  ............... .Ceiling Manufacturn. ............................... 
...................... ..... .Walls above luminaire plane Catalog No. .Cf l~ ; .  1 

... .Walls between lumlnaire 8' No. 6 Type lamps . ?;:!=.??.5:.. ............... 
work plane L u m e n s ~  ..... . 3  1.99.. ................. 

.Walls below work plane . 7 0  .............................. Light loss Factor 
-2 0 .......... . f loor  (LLD x LDD) .. 

. - 
SELECTION OF COEFFICIENT OF UTI~ZATION . : '  

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 11 ; Ceiling Cavity Ratio = 4 ; Floor Cavity Ratio = 0 

2. Obtain effective ceiling cavity reflectances from Table B; p.. =: 6 g .  . . 
I 

3. Obtaln effective floor cavity reflectance (,,,,) fram Table B; p,, = 2 o 
4. Find coefficient of utilization from published data (for , ,  = 20%) C.U:=" ; Z L  

NO. o f  - FCOT C A N D L E S .  X AerA - 
F I K ~ J R ~ ?  s L * M P S / F I Z ~ J R C  LVMBCO / u w p  A CL) X 



. . . . .  - .  . 
. . . '  . I  a: , . . -  . . . . . . . .... . i  . .+. ;r ~ L L ~ ~ ~ ; v A T ~ c ; ~ J  c ' f i L C U ~ g ~ ~ : ~ ~  . . .  

. . . . .  For Use with ' I E S  Zonal-CIvf/y:M.thbd . . . . 
. . .  

(See individu~l data sheets on l um ln i i r ~ r  foreaofficCi8nh . al'utlIh8Wn) . I 
. . 

GENERAL II\IFORMATION . 
I . . 

.' 

. . . , . .  
6.4. n ~ o c  ,ompany name and address. ................ ............................................... 

.a:* .Distance from luminaire plane to teiling (hcc) ...... .... I 

2 IS ............... .Height of work plane above floor (hfc) 

Areato be lighted ............ : . ~ % I G ! ?  ...... /.,.?r..9.3 ................................... 
besign level of illumination.. .......... . A  P. .%. ... n-"'"' (maintalncrd) 

\ 
Calculated by. .................. .Date. ........ .Checked by. ............. ..... .Otto. ......... 
DESCRIPTION OF AREA AND LUMINAIRE b 4 t 1 

Room Surface Reflectance 10 2 " Lmlnrin 

Dimensions 

........ ./2.. ... Room Length * 

I !. ,Room Width ........ .... 
/ /  

. . . . .7.0. -Ce111ng Manufacturer ................................ .... ...-.- 
...................... ....... .Walls above luminaire plane Catalog No. .?20Q. 

t .. .Walls between luminaird a No. b Type lamps ..A P. .f!t?.GW ............. 
work plane 4200 

\ ........................ :.... Lumens- .; 
.Walls below work plane .?A- 

Light loss Facfor .......................... .;. 
(LLD x LDD) .f la.,. ...... ,Fleer. .... 

............... .Height of rbbfii between luminaire h work plane (hrc) 4 

- - - 1  

4--f--L 
-- 

k 

------- L - J ! ~  
111 

SELECTION OF COEFFICIENT OF UTILIZATION 

IY 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 10.3 ; Ceiling Cavity Ratio = . 5 : Floor Cavity Ratio = 1, -3 
t .  Obtain ellecllve ceiling eav~ty reflectances from Table B; c, = 43 . . 
3. Obtain effective floor cavity reflectance (,,I,) from Table 8; c*, = / 8 

4. Find coefficient of utilization from published data (for = 20%) C.U. =' , 2 G  
I 



. . . . . .  . . .  ... - - - - - - --.-- - . -- 
. . 

. . . . .  
, . 

' :i: SLLLsNiliVATlC~! CALC~LAT~ON SHEET . . 1 .  . - 
' 1 

.if 
, ,  . . . .  . . . . .  For Use with IES Zonal-Cavity Me1hod , '  , ,. .. 7 

. : .  
' (See individual data rhoets a luminairo~ for rooffieiontro( \ 

. . . . .  , . .  . . ... GENERAL IlJFORMATION . ' . . . . . .  , 4' 9 
. .  . ? 

' i.. 1 
. . . , h  

. 
;ompani name and addnu.. ......... ...,.'. . .#,A,. t?kD.*.. ........................................... ; 

C N C E  . ' . . Area to be lighted.. .. .. ...... .& , ............. !?. x.. ...........:........................ .' I . 
. . 

' ~ e s i ~ n  level of illcrmination~ ........ : .?*. fs. ..... .I&wm) (msint8lMd) 
1 

. l  ... ........ .. ........ Calculated by. .............. ; .Date. .Checked .by.'. ............... :. .Dab.. 

DESCR~PTIOFI OF AREA AND LUMlNAlRE 
. . 

Dimensions 
. 

13 ;Room Length • k 13 ................ 
't .Room Width ------ -- ............... 2, ' 

I ua 
.'.1/. .Height of room between luminaire 6 work plane (he) I ..... ...... b 
.?s.. .Distance from luminaire plane to ceiling (kc)  ..... .... 

.Al.q.. .Height of work plane above floor (hft) .... .... 
Room Surface Reflectance % L m l d n  

7 e  .Ceiling ............... ................................ - Manufacturer 
.Walls above luminrire plane ................................. 7/0& 

.... ... 
c a w  NO. 

.h'alls between luminaire B No. 6 Type lamps .. g.: c??.$.??!. ............ 
work plane 6200 . . Lumens- ................................ 

.Walls below work plane ............... .7r . Light loss Factor ............................ ;. ........ .... .LQ. .Floor. (UD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION , '  

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = I2 ; Ceiling Cavity Ratio = , yS ; Floor Cavity Ratio = 2 , 3  

2. Obtain effective ceiling cavity reflcctances (p,.) from Table B;',,, = 4 3 
3. Obtain effective floor cavity reflectance (,,,,) from Table 8: R, = 18 
4. Find cocfficient of utilization from published data (for ,, = 20%) C.U. =' . 2G . 



For Uw, wilh #&&f@ 
. . 

, A . , .. ;++.-%&.A& , 
ir - 

(See individual data rhohtr.&.:ft9mr~i &.,.,* . . -:fc-c; &*+'&: -. 

. _ .  . 
GENERAL II4FORMAT16N . . ' 

*. .... ' ' - ' .. 'H)s*"~"? ., .: . - - C  , . ' ' 
L: ..Pa. 

,ompany name and addre-. .............. a: k;.,.@.G?!? ,........ .* ..................... a: .... 
- - -d.- .... Area to be lighted ........... m w  ... i ? ? P ; f ;  ,%.=I ........................... 

/ O  F C  Design level of illumination.. ..................... ..,,.Itnffk))@aWh@- - .  ----- . _ . ,  
- .  

........ .......**......*... ........ '\ Calculated by. .Date. .CheckW by.. .D8k.. 
. . ( .  

Dimensions . . 

. ..... TR.. .... .Room Length 

J . 2  ...... .Room Wtdth -----I ..... 
..... ..! f ......... .Height of room between luminaire & work plane (hrc) 

-4~s.. .Distance from luminaire plane to ceiling ( h a )  ..... .... I 

2.  s ............... .Height of work plane above floor (hfc) 

Room Surface Reflectance IR  % - Lurninrh . 

..... -20.. ... .Ceiling 

.Walls above luminrirs plane 

... ... .Walls between luminaira i 
work plane 

.Walls below work plane 

..... -2.O.. . . .  .:, . F imr  

................................ Manufacturer 

Catalog Ha. ...... ?.kt??. ..................... 
I 

No. 6 Type lamps ..Z.=.R.W.C.%. ............ 
Lumens- ..... !c.?*?. .................. 

7 5  ............................... Light toso Factor 
(LLD x LPD) 

. . 
SELECTION Of  COEFFICIENT OF UT 1LlZATlON 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Retin - ,T.5 ; Ceiling Cavlty Ratio = ,2= ; Floor Cavity Rat10 = 1 , 25  
. 2. Obtain effective ceiling cavity reflectanccs from Table B; &. = L 7 .. 

3. Obtain effective floor cavity reflectance (,,,,) from Table 8; =: 2 0  
4. Find cocfficient of utilization from pubtisheddata (for ,,, = 20%) C.U. =' , 3  8 



ILLUMI~\!ATIGNCALCULATION . . 'SHEET 
For Usc w i t h ' l ~ ~  Zonal-Cavity ~ b l h o d '  

(See individual data sheets on luminaires fqr cocfficicnts of utilization) 

GENERAL IlJFORiMATlON . . ' . . . 

....... ,ompany name and address. ... ;. 6: &. .d@.~. ...................................... ; ..... 
. . Area to be lighted.. .......... ;. . .C;QH.T.~.?~-. . ..%???. ...................................... 

70 FL . Def ign level of illumination. ......................... (tdW) (malntalned) 

Calculated by. ............ ; .:... .Date. ....'.... .Checked by. .................... .Dab. :........ 
I ' .  

DESCRIPTION OF AREA AND LUMINAIRE 
. . . . . .  

Dimensions -,-f - - 
5% ., ;Room Length ' ..... ........ 
/O .Room Wtdlh ............... 
0 .: .... I . .  ...... .Height of room between luminaire 6 work plane (hrc) 

..... . s$ .  ..... .Distance from luminaire plane to ceiling ( ~ c c )  . . .  
, . .  ..... .3:K.. ... .Height of work plane above floor (hfc) 

Room Surface Reflectance tn 2 Luminrira . ' 

...... .;?R ..... .Ceiling Manufacturer ................................ .c. .Walls above luminaire plane 7400 .......... .. Catalog No. .................................. 
... .Walls between luminaire 8 No. 6 .Type lamps . -2  . .EY.9. .G.W.. ......... 

work plane .................. ...... Lumens-. X?O.CI'. 
.Walls below work plane 

Light loss Factor .*.7x.. . ..... ................. .... .&Q., ...... .Floor (LLD x LDD) 
. - 

SEtECTlON OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios uslng Table A or by formula 

Room Cavity Ratio = S, 9 ; Ceiling Cavity Ratio =O, 3 ; Floor Cavity Ratio = /, 5- 

.2. Obtain effective ceiling cavity reflectances (,,.,.) from Table B; = L 6 . . 
3. Obtain effective floor cavity reflectance (,,,,) from Table B; = / 8' 

4. Find coefficient of utilization from published data (forr,,. = 20%) C.U. =' , 39 
. . 

\ 



.!. . . . . , . .  . . 

IGPJ CAD-CUL~CTTON, SHEET I h C U n / r ? i ~ 2 7  
. 4 

I 
. . . i 

'; For Uscwith IES ~onal-~avi~-Mthad . . . . . # 

. . 
(See indiv'idual data sheets on lumthoimr for cocf f ic ie f?~ Of ~ Z S l k R )  . . 

1 
. . , . 

. . .  
GENERAL IiJFORMATION . . . . . . . 

, 

I 

H. L, . . J~mpanyname.andaddress ....................................................................... 
Area tobelighted ............ S.ff!.?.?!fi.~ # .................... RECEfv1*' . ......................)... 'ac*) . . , .  / .... 

'%O FC Design level of illumination. ......................... .(lnlttal) (malntalnd) I 

Calculated by. .................. .Date.. .... ; .. .Checked by.. ................... .Date.. ........ 
. I .  

DESCRIPTIOEJ. OF AREA AND LUMINAIRE 
. . ..rl 

Dimensions 
1 

G S  . ..... .... .&.! .(:. .Room Length . \ 
i" -3. k .Room Width ------ -- ..... ...... 

H 
5-6,s .Height.of room between luminaire 6 work plane (hrc) ............... 

..... -2.5.. .... .Distance from luminaire plane to ceiling (hcc) , 
.. . . A..  .Height of work plane above floor (hfc) . . ...... ..... . ,  . . 

Roqm Surface Reflectant. ifl Sb 
.Ceiling ' 

.Walls above lurninaire plane 

.. .\tlalls between lurninaire 8 
work plane 

.Walls below work plane 

.LO. .Floor .. .......... 

~ u m ~ n r l n  .. 

HOL- i PHA /VP ................................ Manufacturer 
* r p u 7  E G - P I * ~ ~ ~ .  c 8 t h g  No. ................................ 

' I 

No. 6 Type lamps ...... RMK.. .................. 
LumenstLamp ....... .X29!?4.. .......:...... - 

. ? . A  , 9  - 8 1  ...... . .................... Light loss Factor ..: 
(LLD x &PC?) _ .  

SELECTION OF COEFFICIENT OF UTILIZATION , '  I 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 9.0 ; Ceiling Cavity Ratio = . 9 ; Floor Cavity Ratio = , 9  
. . .  2. Obtain effective ceiling cavity reflectances (re,.) from Table B; = & 6 

3. Obtain effective floor cavity reflectance (,),,) from Table B; ,,,, = t q 
4. Find coefficient of utilization from published data (for p,. = 20%) C.U. =' ' ~ , S ' G  , . . 



ILLGMliVAT!C,".il CE.kCUL&Z[ON SHEET :I 
. . 

For Use with IES ~onol-cavity M&W i . . 
. . i 

(See individual data sheets on luminoirqs for cwfficiontr of u(ili28tiOn) I 
. . . . I ( GENERAL IIJFORMATION , ' ! 

f l ~ c c y * l s ~ ~ c  - P O O H  .c:/&.'.lr.'lv.%.+~ ..... .,..;. Area to be lighted.. .............,............................. 
. . 

i 
~ e s i g n  level of illumination. ........ L.Q. .C. ....... ..@dW) (maintained) I 

. '  
Calculated by. ............... ; .. .Date. .... I. .. .Cheeked by.. ................... .Date.. ........ 

4 . .  

DESCRIPTION OF AREA AND LUMINAIRE 

Dimensions 

T 3  ................ .Room Length . 
3 5  .............. : .Room Width 

16 
W.P. ------ 

9, r I hf. 
.Height of room between luminaire 6 work plane (hrc) I ................ b 

f .S .............. .'.Distance from luminaire plane to ceiling (hca) 
Y .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance lo 2 Lumlnako . J 

................................ .Ceiling Manufacturer 
/ 930 .Walls above luminaire plane CItalog No. ................................. 

.. ..... .Walls between luminaire 8 No. 6 Type lamps ..... I .o ?. .w.. ............. , 

work plane ............................... C 9Sb0 . . LumensILam;, 
.Walls below work plane .............. ' .  ~ g h t  loss factor ..... r $1.. ....... :. ...... ;. ... .39. ......... .Floor (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 . 2 5  ; Ceiling Cavity Ratio = , 5 ; Floor Cavity Ratio = ,8 . 
. . . .  2. Obtain effective ceiling cavity reflectances (,,,,.) from Table B; ,,. = qf, 

3. Obtain effective floor cavity reflectance (,,,,.) from Table B; = 7 9 "  
4. Find coefficient of utilization from published data (for pr, = 20%) C.U. =' , G L 



l ~ ~ L ! i ' $ i l i k ~ ~ f  c?.! CALCULATION SHEET 
For Use wijh IES Zonal-Cavily hfuthod 

(See individual data sheets on luminaires for cocflicicnts of utiliZatI0n) 

GENERAL IIJFORMATION . . . 
- .  

H . 4  RLDG .................... ompanynameandaddress ................................................. 
C A S K  ............. .... ....*................. ................... ( -16 ' LEvEr Area to be lighted.. ., .c-&Ew:. .,.. 

' 1 0  FC Design level of illumination. ........................ .m) (maintained) 

'! \ Calculated by. ................... .Date. ......... .Checkad by. ................... .Date.. ......... 
DESCRIPTION OF AREA AND LUMINAIRE 

Dimensions 

" .Room Length 27 ................ . W.P. 

1 7  .Roam Width ............... 
'2 0.5 ................ .Height of room between luminaire 8 work p!ane (hrc) 

...... .%r .... .Distance from luminaire plane to ceiling (hcc) 

.9.. .Height of work plane above floor (hfc) ....... .... 
Room Surface Reflectance 10 % ' . ~uminaire 

.7.0.. .Ceiling Manufacturer ................................ YOLO' ..... .... 
r -4.. .Walls above luminaire plane * !730 .......... .. Cataice No. ................................. 

... ... So. -4. .LValls between luminaire 8 No. 8 Type lamps ... .I. : !.??.!/y.. ....... 
( work plane 950 o Lumens/Lam ;,............................... 

......... .'=I.. . .Walls b.elow work plane 8/ Light loss Factor ...........................:. ..... .?=.?. ....... Flocr?. [LLD x LDD) 
. . 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by f6rmUIa 

Room Cavity Ratio - 7 9 : Ceiling Cavity Ratio = . 9g : Floor Cavity Ratio ;z /,a- 
2. Obtain effective ceiling cav~ty reflectances (,,,.) from Table 6; = 38 . . 

3. Obtain effective flaor cavity reflectance (,,,,) from Table 0 ;  @, = l b  

4. Find coefficient of utilization from published data (for = 20%) C.U. =' 45 

NO. O F  - FCOr G A N D L F S  X A d l A  - 
Flr (7dRE 5 L A M P S / F I Z ~ J I C C  L I I M C H ~  /u,,qp X CL) X L L F  



. . . . .  For Ule wifh IES Zonal-Cavity Mothad . . .. . 

, ' (See individual data'shoctsonl~minairc~ for cwf f i c ia ts  Of Uti1&0ti&) : 
. . . . GENERAL IidFORMATION . ' . .  . . . 

H.L;  R L D G  .ompan; nome and addnu .  ...;........................................................ .. .. .: ....... . .  
. . . . . .  . . 

Area to be iighted. ........ .c&A .... ~ R ~ " w , T . ~ ~ ? . Y ~ ~ ~ w . .  ;.Rw.&. ...:.. .. . ... . .  
"CO F t  . . 

Design level of illumination.. ........................ (lnittrl) (rnrlnblnd) . .  

. . 
Calculated by. ..............:... .Date. ...:.... .Checked by. .................... .me, ........... 

. . , . 

... DESCRIPTION OF AREA AND LUMlNBlRE 
. . 

Dimensions 

90 'UG ......... ..... ., Room Length 

.&?. ...... .Room Width .... 
. . .  ..xf), A ..... .Height of room between luminaire 6 work plane (hrc) 

1 .  . - 
.L3. .Distance from luminaire plane to ceiling (hcc) I ..... ..... - 

. . . .  .q.. .Height of work plane above floor (hfc) ....... ..... 
' Roam Surface Reflectance 10 .% . . Lumindn 

................................. Z 0. ...... .Ceiling Manufacturer ..... 
, ............... .Walls above luminaire plane Catalog No. .... ! P.q7. A fi .7.?!:.4??. ......... t I ............ , .Walls between luminaire B . NO. 8 l y p e  lamps . &M.. ??.?.'+?!. fi??. ....... 

work plane I :  

LumenslLamp ..... .44, .i?q .9 ............ ; ..... 
.Walls below work plane .............. 

Light loss Factor ...... :El . .  .............. .;. 
AQ .Floor (LLD x LDD) ..... ......... 

. . .  

SELECTION OF COEFFICIENT OF UTILIZATION , '  . . .  . . 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = y. 3 ; Ceiling Cavity Ratio = , 2 5 ; Floor Cavity Ratio = , 4.: 
2. Obtain effective ceiling cavity reflectances (,..) from Table R; I*, = 16 . . 
3. Ob!ain effective floor cavity reflectance (,,,,) from Table B;yl. = 9.0 
4. Find coclficient of utilization from published data (for p,, = 20%) C.U. =' , , ~r 



. I .  

. . Fur Use with IES Zonal-Cavity 
(See individual data ihcets on luminaircr for c o ~ t i c i ~  ( d m )  

. . .  
1 

, . , , 
GENERAL IIJFORMATION . ' - 
Lompany name and address.. ..;.... Y:.C. .G.L.Q.G,:. .............................. .'. ... .: ..... t 

. . 
Area to be lighted. ........... ~ e f ? ~ ~ .  ;. x~&(~F(J.P.F.G. ..(clo~;. c€c.L~!. .................... ; 

Dejipn level of illumination.. ....... ; . so .?.$ ..... ;Pwr) (malntalnad) i 

Calculated by. ............... .;. . .Date. ......... .Checked by. .................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMINAIRE. 

t 

Dimensions I 

9 0 .  
. ., 

49 ................ .Room Length * w.?. i . . 
.$! 9. Rhnm Width ..... . . . . . .  

rC ..... ?.>tF.. ... .Height of room between luminaire 6 work plane (hrc) 

.A&. .Distance from luminaire plsoe to ceiling (hcc) ..... .... I i 
't ' .Height of work plane above floor (hfc) ............... 

. . 

Room Surface Reflectance in % . lumlnaln . 

-70 ..... .Ceiling H ~ L o ' P ~ ~  ...:.. Manufacturer ................................ 
.. .......... .c. .Walls above luminairr p lam catalog NO. ....... IP .  9.Z z gf? r.~?.?: .k? .? .. 

.... .Walls between luminaire 8 No. i Type lamps .... .+VU.. ...Y . .\r?kV. W?3 
work plane t 8  000  ................................ Lumens/Lam? 

.Walls below work plane 
" 61 ..... Light loss Factor .t .................... ;. 

....... .... .3. Q... Flmr (LLD x LDD) . 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by f6PfnUia 

Room Cavity Ratio - 7,3 : Ceiling Cavity Ratio = .5 ; Floor Cavity Ratio = , R 
2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,. G 9 

3. Obtain effective floor cavity reflectance (,,,,) from Table B; pl, = 19 
4. Find coefficient of utilization from published data (for ,,,, = 20%) C.U. =' . , 4 



. . .  . L  .' . . . . . , . 
For use with I'ES z o n o ~ . ~ t i  AWM. ' . . .  . . . . .  . . ) , .  

. . 
(See individual data sheets on luminoira fa eocfficlmfS d -19, 

. : .. ( . GENERAL IIdFORMATION . ' . . . 
: . ' . 

L @ ~ p . . f i . '  '. ' ,ompany name and address.. ..................... ..,................. ............... .i...: . 
. . .  . .te4 Area to be lighted. ....... .?.??.wG.~. . ;&,!?q/rt.. . , ...................................... , . ... 

~ e s i b n  level of illumination. ......... ; ... ?.o.~F:. .:.. .@Mot) (malntalnd) 

Calculated by. .............. .l. . .Date. .... ; ... .Checked by. ..................... .-. ...... .' .. 
. ;. 

DESCRIPTION OF AREA AND LUMINAIRE . 
. . . . . . .  , .... 

Dimensions 

........ 3.9. .... ; Room Length I 

. I, " 
.! 6 . .  ... .Room Wtdth ------ ...... 

..... .'.?:z.. .. .Height of room between luminaire a work plane (hrc) 
.a: .Distance from luminaire plane to ceiling (hcc) , ...... .... 

L. .Lf.. .Height of work plane above floor (hk) ........ ... 
Room Surface Reflcctanc. 10 % .' L u d n 8 h  :. 

.......... i. ... .Walls above luminaireplrns Catdog Wo. ........... LT9.Q.. .............. 
...... .................. .Walls between luminaire 8 No. a Typo lamps .(.. 0 0 4  

. work plane . . Lurnens1Lamp .......... .?KC?. ......'........ 
.Walls below work plane 

i ight  lots  actor r .?!. ;. - ...... ................ 
%. ......... .Floor. .... (LLD x LDD) 

. . . . 
SELECTION OF COEFFICIENT OF UT ILlZATlON . . 
1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = LS. S : Ceiling Cavity Ratio = I ,  i : Floor Cavity Ratio = I, 8 
2. Obtain effective ceiling cavity reflectances (,..) from Table B; p,. = 4.f .. , . . 
3. Obtain effective floor cavity reflectance (,,,,.) from Table 8; ,,,, = 7 . ...' 
4. Find coefficient of utilization from published data (for ,,. = 23%) C.U. =' S* 

.... 



. , , b .  . . . .  
. ,  . . , . , . * ,  

. I IJ M'm A m a ,  *;A l.cu . . .  

For Un with '&S &tml-Cmh. uY ; . . .  . . . .  . . . . . . . . . . .  . . . .  . . 
' ( S n  ind1viUual dat~~.hoC(sm )Omma1fo t6r C D b ( f i d W W d ~  

. . . .  , GENERAL .II\IFORMATION . ' . .  . _  . -  , ; . . .. 
. . . ' .  

'H. L. COG . dompanynamoandaddreu ....................... ...........,............................. ;;... 

Design level of illumination.. .......... (Oft.. .... .....(I nllial) (NlnWnO .. 

Calculated by. ..............:... .Dab. ...:.... .Chbckod by. ....................... .-. ......... 
, . 

DESCRIPTION OF AREA AND LUMINAIRE 

Dimensions 

.57. .Room Length ........ ... a w.?. 

.! x .  ... .Room Width ....... 
..... ...... .'!?! * .#eight of room between luminaire & work plane (hrc) 

...... .F:?T.. .. .Distnnce frpm luminaire plahe to ceiling (hcc) I 

....... .4.. .... .Height of work plan8 above floor (hfc) 

Room Surfae. Reflectance 10 % - Lumln8Im 

..... -20.. .... .Ceiling Manufacturer .'. .............................. 
I 9 3  0 ........... .. .Walls above luminaire plens Catalog No. ................................. 

... SP.. .... .Walls between lumindre'& No. & Type lamps .... ../?Q. YY.. ............... 
work plane ................................. t S S b  LumensILam;, 

.Walls below work plane :............. . ~ g h t  loss factor E!. ;. - ......: ................. 
.39,. .Floor. ..... ..... (LCD x LDD) 

i . . 
SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 8', 8 . ; Ceiling Cavity Ratio, = I I AS ; floor Cavity Rat10 = 3, 0 
2. Obtain effective ceiling cavity reflectances from Table B: &. = 5 4  - ' . .. . 

3. Obtain effective floor cavity reflectance ( p r , )  from Table B; m, = 18. 
4. Find coefficient of utilization from published data (for ,,, = 20%) C.U. =' ,,W 



- .  
. . .  . . .  . . . . 

. . . . . . . . . . . . . .  . . .  . . * .  1' 

ILLLIMI~VATIGN C A L C U C . ~ T ~ ~ ~ ' S H E , ~ .  . . .  .!: ' :  . . . : . .  . . .  
I 

\ . . .  . . . . . .  . . . . .  For Use w i l h l ~ s  Zonal-Civily M;rlhod 
' (Sea individual dat'a rhoets on~lurnlnairer in coffficion.ts Of Utlllu~m) . ' 

' . . . . 
. . . . .  GENERAL'IIJFORMATION . ' . . 

. .  
. . . . 

.' H .  L-; . -&LOG ........ ..... ...................................................... ,ompany nameand address.. ;. ..,;. 
.M  EcH / z C ~  t/l' ~ s v i r  - . ' . . . Area to be lighted ....................................................................... =+-..' 

Design level of illumination. ; ......... &I? E.L.. .... .(W) (maintainrd) . 

Calculated by. ..............:... .Date. ...:. , .. .Checked by.. .................... .-. ......... 
I ' .  

DESCRIPTIOPJ OF AREA AND LUMlNAlRE 
. . 

Dimensions 
I . .  

7 3 hm 
.Room Length ................ I 

.b.Lf. .Room Width ..... .:..* 
h fa 

1.9 ,,$. . ' ~ e i ~ h t  of room between luminaire 6 work plane (hrc) ..... .... 
kkx .... .Distnnce from luminaire plane to ceiling (hct). . .  . . , ...... 

. . 
. . 4 .Height of work plane above floor (hfc) ............... 

. . 
Roam Surface Reflectance If? % - . Lumlndro, . . 

.Ceiling Manufacturn ...... ................................ 
/93 0. .Walls above luminaire plane . . ... C m M  .No. .................................. 

.Walls between luminaire 8 No. h Type Iampr ............................ /oo w 
work plane 9roa . ' Lumem/Lam;, ........................ .:. ....... . . 

.Walls below work plane . . . 
LightlossFactor tvL - ...... ....................... 

(LLD x LDD) ......... .... A.9 .Floor. 
. - 

SELECTION OF COEFFICIENT OF UTILIZATION . . 
, a. 

I. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = /, us ; Ceiling Cavity Ratio = 2 5 ; Floor Cavity Ratio = , * 
2. Obtain effective ceiling cavity reflectances from Table B; p.. =: .48 . . .. . . 

3. Obtain effective floor cavity reflectance ( , I , , )  from Table 8; ,,,, r 2.7 
4. Find coefficient of utilization from published.data (for , ,  = 20%) C.U. =' . G 9. 



. . . .  . , ". . . . .  . . . . . . . .  , . , \  , . . x&. 

e,LLcMIiUkTI=N =AhcULEm$,;&nEn '. . ?.:, .- 

\ . . 
F o 1 , V n  with /ES Z a n a I - e  . . . . . . . . ..< .. 

(See individual data shoetr a lumfnaim for coofft&MWd m k )  
' I  

GENERAL I1dFORiVlATION . ' . 
H L ~ L P G  ~. ,ompany name and address. ................ ;. . :. ................................'....... .:. ...: 

. . 
-i . . Area tb be lighted.. .......... :. . ., .Q.~R(  .??.'L .. ............................................. 

:....... ..  0e&gn level of illumination. : .1.9. .%. ..... .(IWlr)) (ml- 

Calculated by.. .............. ; . ..Data.. ....... .Checked by.. ................... .m.. ........ 
:. . . 

DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

.x3. .Room Length ..... ..... I 

h .Room Width 
mr 

....... ...... 

..... ? p , q . .  .... .Height of room between luminaire & work plane (hrc) 

.Qig.. .Distance from luminaire plane to ceiling (hct) , ..... ... 
.o.. .Height of work plane above floor (hfc) ....... .... . . 

........ .................. ......... ./. .. .Walls above lumh6irs plane Catalog No. 4.1. W... 1 

.. ... SO.  .L'C1alls between luminaire 8 No. 6 Type lamps ... (.-.f%Q .q.?!. ............ 1 

work plane 
. LumenslLarn;, .,...... ?.!Q*. .................. 

.Walls below work plane -73 . ...................... Light loss Factor , , ., ;, 
.2 Q,, ,Floor. (LLD x LDD) .... ..... 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 8 ,  ; Ceiling Cavity Ratio = , ub : Floor Cavity Ratlo = 0 . 

2. Obtain effective ceiling cavity reflectances (,,) from Table 8; ms 4'4 . . .  

3. Obtain effective floor cavity reflectance (pr,) from Table B; pl, r: 2 0  . . 

4. Find cocflicient of utilization from published data (lor ,,,, = 20%) C.U. =' - 3 2 
t 

I .  



. . . . . . . . . . .  . T -  .; - .  . - -.--. 

. . 
' . .*.... . 

I L L ~ M I ~ U A T ~ ~ N  c A L C ~ U L ~ ~ - t ~ : ~ ~ ~ ~  b 
. : .  , - . ,  

. . . . . . . .  
For Us. with IES 2onat.Cwfiy Mrtl)rd ,. .. . 

' (See individual data on tuinh~kws (or'cWkiamr-.d 
. . .  

GENERAL lfJFORMAl7ON , ' . . 
. . 

; .  . . . -  fi A,  , :'. @ LOG. ..... .... ,ompany name and addma. .................., .:. ; ..,.,........................:.... ,. ; : 

m ' .._- 
. . .e4 I ................................ .... * .Area to be lighted ............. ; &fi.;...? ............e.t..-. -. k . ., , .LA."& 

Design level of iluminrtion. ....... .>.Q. !%. ........ ; (MlrO) (mrlntalrrrd) ;. :. 
, .. 
... . d '  , 

Calculated by. .................. .Onto. ........ .Chrclrsd by. .:. .................. .hk.. ........ ,..r .. 
. . .  LG..:..l 

DESCRIPTION OF AREA AND LUMlNAtRE 

0imcn;iens. 

1 0  !Z. .... .Room Length * ........ W.P. 
1 I .Room Width ................. 

......... .7.. ... , ,Height of room between lumlnaire & work plan0 (hrc) 
s.?. .Distance from luminaire plane to ceiling (hcc) ...... .... 
Z,$.. .Height of work plane above floor (hk) ...... ... 

. .  - i 
. + 

Room Surface Reflectance 10 % . Lumkrdn 
, , 

Z Q. .Ceiling ....... .... M8nutntunr ................................ 
......... .(r.. . .walls above lwninain pi- Catalog No. ......... f .1.C. ................... 

I i .... S?. .Walls between l u m i ~ i r e  6 No. & Typa lamp8 .A .WQ. .%.%. ... .......... 
work plane . . 4200 p - c  L ~ m 8 n 8 h m p  ............................... : , ,  

.Walls below work plane ............... 7s . L i ~ h t  1-8 Factor .......................... .;. ...... ...... It? .Floor ( U D x  l&D) 

SELECTION OF COEFFICIENT OF UTILIZAnON 
" 

1 

1. Determine cavity ratios using Table A or by formula 1 
Room Cavity Ratio = 5. L4 : Ceiling cavity ~ a i 0  = s. Y : Floor Cavity Ra t ion  1 ,  f 

.f 
:1 

2. Obtain effective ceiling cavity reflectances (r..) from Table B; c, =: 4s . . 
; 

3. Obtain effective floor cavity reflectance (,,,,) from Table B: ,-- 18 . - I  
:;q 

4. Find coefficient of utilization from published d2ta (for, = 20%) C.U. =' ,43 



. . . . .  (Seo individual dotr sheets m.lumtAl)m-d ,, . 
. . . . . .  % :,, *.-:-;..- - , . . .  GENERAL IiJFORMATION . ' . 
&$#&&. : ..: ............ iompany name and addma. ~ . . ~ r . . o l r r r r r r . c c u l . c L I I ~ c o . ~ o r ~ + .  . 

Aroa to be lighted. .......... LAB .... &~...b..k$.~~.~...~.*~ ...*--.o---o-.-oo_o--. 

Design level of illuminatian.. ...... .1. zg .Eq, ..... :(tnHiaJ)~(maintdmd) 

Calculated by. ................... .Dab.. .... .-. .. .- by., .................... ..-. ......... 
. . . . 

DESCRIPTION OF AREA A,ND LUMfNAtRt 

~irnonrionr ' 
. . 

-i $0 

..... .,z !? ..... . ~ o o m  Longtt~ . 
/ 5  .Room Width ----__ _ _  . . ............... 

7 L(C ................ .Height of room between luminaire A work plrno (hrc) 
. . ...... .*A:. .... .Distance from luminaire~plane to ceiling (hcc) . . .  . . .  

. . . . +  .'.&.q.'. .Height of work p l a k  above floor (hfc) . . . . . ... ... . 

Room Surfrc.e Reflectrmo If? % .. Lumfndn . 

............... 70 ................................ .Coiling Manufacturn 
........ .................. .Walls above luminriro plane C- No. ?.he 

I ... .Walls between luminairo & No. & Typo lamps .. 2 E . e . w .  i . . .  ......... 
...... ................. work plane LumensKur,. k-. ............... ,Walls bdow work plans -7s ............................. ugnt mr Fsttbr 

An.. ...... .Floor (LLD x LDD) ..... 
SELECTION OF COEFFICIENT OF UTILIZATION 

1'. Determine cavity ratios using Table A or by formula 
Room Cavity Ratio = y,  3 ; Cdllng Cavity Ratio = , 3  . ; Flaot Cavity Ratio = 1.  S 

2. Obtain effective ceiling cavity reflectmces (,,,,.) from Table 8; ,,. = 1L . . 
3. Obtain effective floor cavity reflectmce (,,,) from Table B; ,,, = 18 

4. Find coefficient of utilization from published data (for ,, = 20%) C.U. =' , *8 .. . . . .  
\ 



. . . . . . .  For Use with .IES Zonal-Cavity Met- , . . . 
I 

(See individual data abets  on lh lno i res 'for coofficianh d . . 

. . 
. GENERAL I1~dFORiVlATION . . . . - .  

* ' .  .H L .  8- . . .  . . ' ,ompsny name and address. .................... ;. .:.......... ......a,. ....... ..e.. ...... ..,. ... ... .,' 
. @ & $ E ~ . v & T ~ o . H . .  @ O M  . . .......................................................................... Area to be lighted. 

' 7 0  F C  . . Design level of illumination.. ........................ :(inltlal) (malntairtod) . . .  
. . 

Calculated by;. .................. .Date. .:....... .Checked by. ..................... .DM@. ......... 
. . 

DESCRIPTION OF AREA AND LUMINAIRE 
. . Dimenriont . 

k . ...... ..... .,(?-.? Room Length 

J. b .Room Width ...... ..... . . 

......... -7.. .... ,Height of room between luminairr & wark plane (hrc) 
a s  .Distance from luminaire plane to ceiling (hcc) ............... 

. . .  
. T . o ~ .  .Height of work plane above floor (hfi) ...... ... 

. . 
. . 

Room Surface Reflectanca In % ' Lumlnrlm 

.? O . .  .Ceiling Manufacturer ................................. ...... ... 
................................. .Walls above luminaire piam 7/00 Cttalog No. 

.Walls between luminaire 8 ... ..... No. 6Typslamps ..A:.?.Y?.ZI.~ ............. 
work plane Lumensbhwp : ... .6.?0?. ................... ......... .. .Walls below work plane 

2 0  ................. .Flour 
7 5  ...............*..... . .... Light loss Factor .t ;. 

(LLD x LDD) 
. - 

SELECTION OF COEFFICIENT OF UTILIZATION , '  

I. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 37 2 5  : Ceiling Cavity Ratio = 0, Y, : Floor Cavity Rrtlo =c. I .  9 
2. Obtain effective ceiling cavity reflectances (,,) from Table B; r, = G3- . -. . 

. . 
3. Obtain effective floor cavity reflectance (,,,,) from Table B: r /8'  

L 

4. Find coclficient of utilization from published datz (for = 20%) C.U. =' .u3 
. . . . .  



ILLU'MINATION E A L C ~ L L ~ P W  . , .  . . ... . 

' Far Ute wtth IPS Zonal-Crvtty w.  , 

- ' \ ' .  . . 
... 

(Seo individual data sheets on luminaires fa ooo(liclUt'ItS d .(-I 
GENERAL IidFORMATION . . - . . 

' - Q?RRI@aR ....................................*... ... ....................... . Area to be lighted. ,. ,... V- 

Design level of illumination.. ...,... ; .. .F.C.. ... .- (rmln(.lr*O 

Calculated by. ................... .Dale. ........ .Checked *. ..................... .W. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 4 

Dimensions . . 

1'3 .Room Lenglh J'+ . ................ 
K . .  .... .Room Width ...... 

.13.e.q.. .Height of room between lurriinaire & work plane (htc) .... ... ' . 

.9rx. .Distnnce from luminaire plane to ceiling (hcc) ..... .... 
. . i 

0 .Height of work plane above floor (hfc) ............... 
.t 

Room Surface Reflectance la 5b . Lumindn . ,k 
1 

.XO.. .Ceiling Manufactur.r ................................ ..... .... . a 
! 

............... .Walls above luminaire plane Catalog Na. ...... .6:49.9.. ........ i.. ........ C ... -59.. .... .Walls between luminaire 8 NO. 6 ~ y p e  lamps ... f.:!?~P..c.?. ........... 
work plane ................. Lurnsns/Larn~ ....... .g !!.L?. 

.Walls below work plane .............. Light loss Factor !?.re.. - ..... .................~ 
.?.?. ........ .Floor . (LLDx LDD) .... 

. 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cav~ty rarlos uslng Table A or by formula ;1 

Room Cavity Ratio = /7, b ; Ceiling Crvity Ratio = .6 ; Floor Cavity Ratio = 0 

. .  2. Obtain effective ceiling cavity reflectances (&) from Table 8; F, =: 4.3 
3. Obtain effective floor cavity reflectance (,,,,) from Table 8; p,. r 2 0 

. 
...: . : 

4. Find coefficient of utilization from published data (for r(, = 20%) C.U. =' ,2r * , 



ILLLSMINRTIGN EALCULLTSION'SHEET . 
= 2, 

%=; 

' 2  
For Use with IES ZW=CwUy AWMd * - &  :@ 

4 &/ (See Individual data rhcets on i?mlmWm ~~~ M 
. . 

GENERAL IIJFORMATION . ' 

. . 
. . . .  . , .  a I . . '  

- .  , -  . . . ,.- . . . , . V .  . . , :.$ 
PG ::, 

.!. ~ompany name and address. ................ *..... * ............................. ..* oea.o... . .  .- .h : ,4 
jt . . I 

Area to be lighted. ........... :. . .C .QRR!R !?I!;... ..... I.. .................................. . t  .... 
, $. ,!:.' 

. . 
Design level of illumination.. .......... it? E c . .  .,.. .. :(lnfHJ) ( m a l n t a i ~  - P .. :.. 

lit ch.enrrl tiy. ..................... ma.. ........ Calculated by. ................... .Date. ........... +,,. : 
.., 
...... - .  
. - .*. > .-.' ...... . . 

DESCRIPTION O f  AREA AND LUMlN4lRE , 
.- *' *-,> - .. , - . - . . -. c: 

. . ' -3  

a :: + Dimensionr . . . .  - .  

1 9  
(2;. .Room Length .. . ..... ...... • 

L .Room Width .+ ............... 
a ..? 

.113.3:. .Height of room between lupirinalre 6 work plane (hrc) , ,a . . . .  .... , .?- 

Q.S ............... .Distance from luminaire plane to ceiling (hcc) 

z:?:. .Height of work plane above floor (hfc) ..... .... . , 

Roam Surface Reflectanem ln % krmhfn . 

. . ................................ .... ...... .?.c?. .Ceiling Mmnulrttum 
................... .walls above luminsh. Clh)og No. ........ &.@. 

... ... .Walls between l u m l ~ i r e  & No. & Type lamps ... /r.f.W.G.%. ............ 
work plane ................. ...... Lumnr/l.amp .3./.?P... 

.Walls below work plane 75 ...................... ...... Ught loss Factor r.. 
.2.Q..'. .Floor. (LLD x LOO) ..... ..... 

. -. 
SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 
f 

Room Cavity Ratio = / T, 7 : Ceiling Cavity Ratlo = ,4 : Floor Cavity Ratio = e 
2. Obtain effective ceiling cavity rcflectances (,..) from Table 8; ,,, = 6 3  
3. Gbtain effective floor cavity reflectante (,,,,) from Table 9;- r 20 
4. Find coefficient of utilization from published data (form r 20%) C.U. =' , f l  

' , # 
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lLLLJMl;QATrC,N ~ ~ ~ u ~ ~ ~ : ' ~  . . 

 or U8e with t=lonrrl.~+riy w . . . . ' .  

(See individual d r t r  sheets on luminoksr tot  coo^^ d . . 

GENERAL IiJFORMAlION . ' 

;omparty name and ad-. .......... M.-&&%!LL-,. ..-. -:.- ........A.W. :. ... ' 

Pa&lDorC *I;( . Area to be lighted.. ............. ,... .... ....,,,,,.,.. .,..,.,...... ........................... 
Design level of illuminrtion. .......... .19. .%. ....... ,'-) (mrintrlnd) 

Calculated by. .................. .Date. .... ., ;,,.Cbcbd 6y.. ................... .-. ......... 
DESCRIPTIOFI OF AREA AND LUMINAtRS 

Dimensfont 

..... !p. ?4 ...... Roam Lcvpth . 14 

-5. .Room Width ...... ..... 
..... .'f 3.sX.. .. .Height of room between luminaire & work p l r m  (hrc) 

.q*.s.. .Distnnce from luminrire plana to ceiling (hcc) ...... ... 
' .- o .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance tQ % LurnInrIm . 
. _  

70  ................................ ............... .Coiling Mmufrctum 
................ Walls above lurninrire plum Cat- NO. ......... A !? ?. ................... C .... . ~ g . .  ... .btalls between lumirulra & No. & Type l a m  ... . 1  r.t.99. A*. ............. 

work plane ........ ....,............ Lumens/- A! ?.? 
.Walls below work plane 7 1  .... Light lo t8  Factor .i .................... :. 

.A 0.. .Floor (LLD x LDD) ..... ...... 
. - 

SELECTION OF COEFFICIENT OF UTILIZATION 

' 1. Determine cavity ratios using Table A or by formula 
Room Cavity Ratio = I 4 ; Ceiling Cavity Ratio = , :Floor Cavity Ratio m 0 

2. Obtain effective ceiling cavity reflectance6 (p.) from Table B; p., t 4 9 

3. Obtain effective floor cavity reflectance ( l g , )  from Table 0; p,, z 20 

4. Find coefficient of utilization from published data (lor ,, = 20%) C.U. =' ,ZG . 



ILLUMI;W.TION CALCLIL~;;IQN SHEET , :  . . '  

For Use wilh IES Zonal-Cavily Melhod . . 

(See individual data sheets on luminaires for cocf f i~ icnts of utilization) 

Area to be lighted. 

Design level of illumination.. ....... : . .LO. .%'. .... .o (maintained) 
. . 

Calculated by. .................. .Date. ........ .Checkad by.. .................... .Date. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

...? .y. .Room Length 
2 2  ...... .... . W.C. 

/ 2 .Room Wldth . . ............... 
! k ~ x .  .Height of room between luminaire 8 work plane (hrc) .....:. . 

...... ..4:5. .. .Distance from luminaire plane'to ceiling (hcc) 
3 :Height of work plane above floor (hfc) ............... 

Room Surface Reflectance 10 9' Luminaire 

' 70 ................................ ............,.. .Ceiling Manufacturer 
r ......... .:,. ... .Walls above luminaire plane Catalog No. :. ... /.?3.0.. ...................... 

.- ,3 No. 8 Type lamps ./. .-. !OF. .Y. !!?+. ., .Walls between luminaire 8 .... ........ .. :. ........ 
work plane i Lumens/Lam? ..... 9.5??9.. ................... 

.Walls below work plane ............... . Light loss. Factor ..... .: $1.. .................. 
.i-.4.. .Floor ..... ...... (LLD x LDD) 

. - 
SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 8.7 ; Ceiling Cavity Ratio = / , g  : Floor Cavity Ratio = 1.4 
2. Obtain effective ceiling cavity reflectances from Table B; ,,,. = S6 
3. Obtain effective floor cavity reflectance ( , , I , )  from Table 8; m, = / 8  
4. Find coefficient of utilization from published data (for ,,, = 20%) C.U. =' , 3 . . 



IhLfdNiI i\!ATIC;?.i CALCUL.GTIQN SHEET 
For Use with IES Zonal-Cavity Method 

(See individual data sheets on luminaires for cocfficicnts of utilization) 

GENERAL IiJFORikIATION . . . . 
. & c D C  ompanynamcandaddress ..................................................................... 

D c c 0 U  ~ A ' Y I  N C I T l O M  . Area to be lighted.. ........ C3S.K. ...................................................... ,... 
3-0 F t  Desigr! level of illumination. .......................... (M) (maintained) 

\ .... ............. ........ .................... ........ Calculated. by : .Date. .Checked by. .Dlle.. 

DESCRIPTI~N 

Dimensions I 

OF ,AREA AND LUMlNAlRE 
I' 

1 

90 .Room Length +b ................ . 
-4.7.. ... .Room Width ---- -, i,L ...... 

hfa 
.'??.. 5 .  .Height of room between luminaire & work plane (hrc) ..... ... 
.?.IS. .Distance from luminaire plane to ceiling (hcc) ...... ... 
-9.. .Height of work plane above floor (hfc) ....... .... 

Roonl Surface Reflectance I 0  9' Luminaire 

70 .Ceiling Manufacturer !?Q~P. t?Y!?q.c.. ............... .... ............ 
..-, ........... , .... .Walls above luminaire plane Catalog No. .... !ou.?; .c.G.-:.?! r.? ?.?. ...... 
.... .Walls between luminaire & No. 8 Type lamps ... .?.?.?. .Y-.~. . .? !'?. .... [ y r k  pign= Lurner~s/Larnp ... -2.-?'.*?. ................... 

.Walls below work plane ............... 
Light loss Factor .,.8!. - -... .................. 2 o (LLD x LDD) ................. .Floor 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 4.3 ; Ceiling Cavity Ratio = , 2 S ; Floor Cavity Ratio = . I$ 

2. Obtain effective ceiling cavity reflectances from Table B; = 6L 

3. Obtain effective floor cavity reflectance (,,,.) from Table B: A, = 2 o 

4. Find coefficient of utilization from published data (for ,,,. -; 20%) C.U. =' ,SJ- 

FC6r  C M H O L C S  % AerA No, O F  - - 
P l x T d f t a  % L A w P ~ / ~ ~ ~ f ~ ~ ~  L U M L ~ S  /-,*p 8 CL1 I L F  





For Use with IES Zonal-Cavily Method 

(See individual data sheets oh luminaires for cocfficicnts of LJtIllZati~n) 
' .{ 

GENERAL IIJFORMATION . . . - . . 
. L L   LOG Company namcandaddress .... ;................... .............................................. 

Area to be lighted.. ......... .;. .... Afl8.6 x.. .............................................. 
1 0  t=c .......................... Design level of illumination. (w (maintained) 

.................. Calculated by. .Date. ........ .Checked by. .................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMINAIRE , 

Dimensions 
h u  ' I  0 

.,!-! I-/. . . . .  .Room Length WJ. ..... - 

.?-. 2 .  . . . . .  .Room Width ..... 
h1C 2 ; r  

7 ............... .Height of room between luminaire h work plane (hrc) 

.q:.T .Distance from luminaire plane to ceiling (hcc) ..... . . . . .  
2 , 5  .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance IC, 70 . Luminaire 

7 0  .Ceiling Manufacturer ............... ................................ :* 
..- .........'...... .Wal!s above luminaire plane Catalog NO. ........... ?.! ?*. ................. 

.... ........ . . . .  ...... - .. :-o. j . ; .Walls between luminaire 8 No. h Type lamps ?-. .: .?.'!.? k'!::. t 
/: work plane 3 / 0 0  Lumens/Lamp ............................... 
L .&. .Walls below work plane ,75 ....... . . . .  Light loss Factor ............................... 

(LLD x LDD) .. .; ?. ........... .Floor 
. . 

SELECTION OF COEFFICIENT 0F.UTILIZATION 

1. Determine cavity ratios using Table A or by formula - -- - ... Room Cavity Ratio = 2.2 ; Ceiling Cavity Ratio = , 13 ; Floor Cavity Ratio = . . -.. 

2 Obtain effective ceiliiry cavity reflectances (,,,,.) from Table 0; pee = &a" . . 

3. Obtain effective floor cavity reflectance (,,,,.) from Table B; ,, = 1 4  

4. Find coefficient of utilization from published data (for rrr ---- 20%) C.U. =" ,6 I 
1 

NO. O F  - FCoT C A N D L E S  % h e r A  
C 

f= lX?JRF S L . ~ H P S / F ~ # ~ J R C  L J I . A E N )  /-,.*I. % CL)  X L L F  
1 ' 



For Use wilh IES Zonal-Cavily Melhod 

(See individual data sheets on luminaires for cocfficicnts of utilization) 

GENERAL INFORMATION , 

.... Area to be lighted.. ................... . . . C '3 r! ?.=.st? .~k!$.€, : ................................... 
Design level of illumination. ............ .4:0. . G  . . . .  (M) (maintained) 

........ ........ Calculated by. .................. .Date. .Checkod by. ..................... .Date.. 

DESCRIPTION OF AREA AND LUMlNAlRE 

Di~iicnrions 

-7, a- noem Congth hle /O ................. 
l.4.. .Room Width ...... . . . .  .... . . hfc 2, r ....... .:: ...... .Height of room between luminaire & work plane (hrc) 

.... . P I X  ...... .Distance from luminaire plane to ceiling (hcc) 

. 2 , X .  .Height of work plane above fioor (hfc) .... ..... 

Room Surface Reflectance I Q  90 Luminairo 

.... .??; ....... .Ceiling Manufacturer ................................ 
.Walls above luminaire plane ,.'! 3 0 Catalog No. ............... .................................. 

.<:? ;... .'. .Walls between luminaire 8 2 -  F 4 o C w  ... . . . .  No. 8 Type lamps ............................ I 
work plane 

Lvmens/Lamp ...... .3.!?.?. ................. ., . !,. .Walls halow work plane ....... ..... . . . .  .....;. .......... . 
8" ) Light (033 Footor .r. 75, :. ... :.. ............ .Floor (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2.4 ; Ceiling Cavity Rntio = , 2 7 ; Floor Cavity Ratlo = 1 ,  2 
. . .  2. Obtain effective ceiling cavity reflectances (,,,..) froai Table B; p,. = b~ 

3. Obtain effective floor cavity reflectance (,,,,) from Table 8; plr = 2. a 
4. Find coefficient of utiliza!ion from published data (for ,,,,. --- 20%) C.U. =' ,L, 5& 

No, B F  - FCOr $ . L ~ ~ D L E S  % A c r A  - 
F : X 7 3 R E  $ L ~ M F S / F I  V T J R C  )( L J r A P r ( s  /-,*p A CL) % LLF 



. . 

ILLLJCVIINATICN CALCULATION SHEET - , 

For Use wilh IES Zonal-Cavity Method 

(See,indiv.idual data sheets on luminaires for'cocfficients of utilization) 

GENERAL I IJFORMA~~ON .. ' 

4 - 
. . 

..................................................................... I 
' L:L, ~ L D C  ' Company name and address. 

I Design (eve1 o f  illumination. .; .. .+'. . ; . .,A'?. ./EC ..... ((nmdt(maintain~d) I 
.................. ........ .................... ......... t Calculated by. .Date. .Checked by.. .Date.. 

I DESCRIPTION OF AREA, AND LUMlNAlRE 
, . 

Dimensions 

95' .Room Length ................ 
# ...... ?.a. .... .Room Width 

..... .'7,2. . . . .  .Height of room between luminaire 8 work plane (hrc) 
r 1 .... ;?. 9. . . . . . .  .Distance from luminaire plane to ceiling (hcc) 

I 
I ..... ,r!. ....... .Height of work plane above floor (hfc) 

I Room Surface I*  30 . Lumindro 

?. d ...... .Ceiling Manufacturer ..... ................................ 
.Walls above luminaire plane 7/00 ............... Catalog No. ................................. - z. - F U O C W  . 5 .  C! ; .Walls between luminaire 8 .... . . . . .  No. 8 Type lamps ............................ f 

............................... work plane 3 / 0 0  Lumens/Lamp 
.Walls below work plane , 75' ............... 

Light loss Factor ........................... ;. 
.L  V. .Floor (LLD x LDD). .... ;....,. 

I . . .  
j SELECTION OF COEFFICIENT OF UTILIZATION 
I 
1 '  1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 ,  2 ; Ceiling Cavity Ratio = . 3 : Floor Cavity Ratio = , 6 
2. Obtain effective ceiling cavity reflectances from Table B; pc. = 4 5 . . 

3. Obtain effective floor cavity reflectance (,,,,.) from Table B; m, = 01 9 
4. Find coefficient of utilization from published data (for ,,,,. = 20%) C.U. =' 0 



ILLUMIIUATION CALCLDLAT~ON SHEET " ,  

For Use with IES Zonal-Cavity ~ e f h o d  ' ' . . 

(See individual data sheets on luminaires for cdcfficicnts of utlllzatlon) ' . 
. . 

GENERAL INFORMATION . 
. . . 

. . 

L .  BL.BC Company namcandaddrew .... ......................................................... ...'..... 
. L ~ L ~ o R / ~ T O R Y  Area to be lighted ............................................................................ 

. Design level of illumination. :........ 1 ..... ,??. .%. . . .  ( ~ ( m a i n t a l n ~ d )  

Calculated by. .................. .Date. ........ .Checkad by. .................... .Data.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 
/ 0 

./.?. ; .. .Room Lonptk ..... . .  W.C. 

..... A ...... .Room Width 
ht0 2 ..r ..... .7.. ...... .Height of room between luminaire 8 work plane (hrc) . . 

0.5. .Distance from luminaire plane to ceiling (hcc) ............... 
... .A?.:$:. ...... .Height of work plane above floor (hfc) 

Room Surface Reflectance lo ?e Luminairo 

70 ............... .Ceiling ................................ - Manufacturer 

i ............... .Walls above luminaire plane Catalog No. ....... .,+.. ....................... 7/00 

.xo. .Walls between luminaire 8 . 2 - F u o c v d  .. .:..... No. 8 Type lamps ............................ 
/ work plane 3100 

LumensILam~ ............................... 
.L .Walls below work plane ....... ..... 

2 n ................. .Floor 
7 5  Light loss Factor ............................... 

(LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table 4 or by formula 

Room Cavity Ratio = 2 ; Ceiling Cavity Ratio = , I 5  ; Floor Cavity Ratio = , 7 5  

2. Obtain effective ceiling cavity reflectances (pa.) from Table B; p,,= 6 
3. Obtain effective floor cavity reflectance (,,,,) from Table 8; plr = /, 7 
4. Find coefficient of utilization from published data (for = 20%) C.U. =' 6 O 



. . 

ILLUMI~UATIDN C A L C U L A ~ O N  SHEET 
For Usc with / ~ ~ . ~ o n ~ l - ~ a v i f ~  Method 

(See individual data sheets on luminaires for coefficients of utillzrtlon) 

Area to be lighted.. .......... ;. ..... .. ....................................... 
. . . . . .  Design level of illumination. .......... .3',q. f.G. (WWj (maintained) 

........ ........ ........ Calculated by. ; ......... .Date. .Checked by.. ................... .Date.. 

DESCRIPTION OF AREA AND LUhllNAIRE 

..... .2 *.? . . . . .  .Room Length 
- .  ........ !!. . . . . . .  .Room Width 

hfC 6 J ..... .'/.I, 3:. . . . .  .Height of room between luminaire 8 work plane (hrc) 4 
...... .2.-.-?. . . . .  .Distance from luminaire plane to ceiling (hcc) 

L .Height of work plane above floor (hfc) ................ 

Room Surface Reflectance IC) yo '. LuniinaIre 

.??. .Ceiling P6 Lo P k1.4 h/E . . . . .  ...... Manufacturer ................................ 
/' .;. .Walls above luminaire plane / 9 3 0  . . . . . . . . . .  . . .  Catalog No. ................................. 

.4?. 5 .  .Walls between luminaire 8 .... . . . .  No. b Type lamps .. ./. r.'.??. .u?s.. ....... 
work plane 9soo . ................................ Lumens/Lamp 

. 'A. .Walls below work plane . . . . . . . . .  . .  ....,. ............... Light loss Factor ; . d p / ; .  .'. 
.... ..:;.:-r. ......... .Floor (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 0 + 9  ; Ceiling Cavity Ratio = . 2 ; Floor Cavity Ratio = , 4 8 
2. Obtain effective ceiling cavity reflectances (,,,,.) from Table B; = L 7 
3. Obtain effective floor cavity reflectance (I,rn) from Table 6 ;  Me = l 9 
4. Find,coefficient of utilization from published data (for ,,,,. --- 20%) C.U. =' , 74 



I L L U M I i W A T I t P J  CALGULATIQN SHEET , ' 

For Use wilh IES Zonal-Cavity Method 

(See individual data sheets nn.luminaires tor cocfficicnts of utilization) 
' 

GENERAL 11dFORMATION . . 

*/ Area to be lighted ............. A(&.. .&.C.K.. ...... f ..................................... 
Design level of illumination. ..... ., . : ... ./iQ. fC. . . .  .fWid) (maintained) 

........ ........ Calculated by. .................. .Date. .Checked by; .................... .Date.. 

DESCRIPTION OF AREA AND LUkllNAlRE 

Dimensions 

./.?. i? Room Length .... . . . . . . .  
- . . . . .  .%.? ...... .Room Width 

..... .'././.-.3-. ... .Height of room between luminaire & work plane (hrc) 

2~3:. .Distance from luminaire plane to ceiling (hcc) ...... . . . .  . .  

6 .Height of work plane above floor (hfc) ............... 
Room Surface Reflectance I Q  70 Lumineira 

... ................................ .......... .:r. .Ceiling Manufacturer 

.i .Walls above luminaire plane Catalog No. ................................... 1 9 3 0  ....:.... . . . .  
.XQ. . . . . : . . .  .'.?'ails between luminaire & No. S Type lamps ............................ / O P W  

work plane 7 Lumens/Lamp ......... .?+TC'~ ............... 
.C. .  .\Val16 below work plflne ........ . . .  $1 .:. . L I ~ ~ I  loss fac tor  .......... r .  ............ .: 

3 - 0  ................. .Floor (LLD x LDD) 
. - 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 55 ; Ceiling Cavity Ratio = . 7 5  ; Floor Cavity Ratio = /, 8 
2. Obtain effective ceiling cavity reflactances (,,,..) from Table B; pee = ff  Y 

3. Obtain effective floor cavity reflectance (,,,,) from Table 6; plr = 18 
6. Find co~f f ic ient  of utilization from published data (for ---- 20%) C.U. =' ,5 3 



,For Use with IES Zonal-Cavity Method 
(See individual data sheets on luminaires for cdofficicnts of uti l l~atlon) 

GENERAL I~~FoRMATION . . ' . 
Company name and address. ........:.... .'.As. k -  . (; ....................................... 
Area to be lighted. .. .......... ; :. . .,. ... ..A!& .k?g.%;. P.3. .? - 2 . .  ............................. 

....... Design level of illumination. /f?. f .q. ......... .+Mal) (maintained) 

Calculated by. .................. .Date. ........ .Checked by. ..................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMINAIRE . 

, . 
~irnentlenr 

60 .Room ~ e n g t h  ................ W.C. 

-2.9. .Room Width .... ...... - - - - - - - ---I 
hfC 

..... .'/./.#$:. ... .Height of room between luminaire 8 work plane (hrc) 

...... .&.x .... .Distance from luminaire plane to ceiling (hcc) 

6 ...... .Height of work plane above floor (hfc) ....... 
Room Surface Reflectance to yo Luminalre 

................................ ......... ,<. .... .Ceiling Manufacturer 
! : .Walls above luminaire piane Catalog No. .................................. 1 9 3 0  ........ ...... 
...... .Walls between luminaire & ............................. / o o w  No. 8 Type lamps 

work plane 95.00 
. Lumens/Lamp ............................... 

....... .%. ..... .Walls below work plane 

.... ?-.?. .......... .Floor 
Light loss Factor .I.?/:. - ......... .............. 

(LLD x LDD) , 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 3,s ; Ceiling Cavity Ratio = . .8 ; Floor Cavity Ratio = 1 1  98 
2. Obtain effective ceiling cavity reflectances (,,.) from Table 8; p,. =. U.3 
3. Obtain effective floor cavity reflectance (,,,,) from Table B; pr, = / 8 
4. Find coefficient of utilization from published data (forI,r,. = 20%) C.U. =' , 5 7 



. . .  . . .  . . 

ILLeGMllUATlO?.? CALCULATIBN SHEET 
For ~ s c  with IES Zonal-Cavity Method 

(See individual data sheets on luminaires lor cdcllicicnts of uti l iution) 

GENERAL IlJFORMATlON , 

. A l e  LOCK *c' Area to be lighted . . . . t . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 
. . 

~ e s i ~ n  level of illumination. ......... ./.?. .F.C. . . . . . .  (W) (maintained) 

Calculated by. .................. .Date. ........ .Checked by. .................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMINAIRE 

~i rnens ionr  

.... .3.+. ....... Rorjm Length 

... .Ah, ...... .Room Wldth 
1 '1 .5  .Height of room between luminaire 8 work plane (hrc) ............... 
A&. . ~ i s t a n c e  from luminaire plane to ceiling (hcc) ..... . . . . .  

...... 6 .  ...... .Height of work plane above floor (hfc) 

Room Surface Reflectance I0 70 Lumlnaln 

................................ 4.. .Ceiling Manufacturer ......:.. .. 
I ......... j ..... .Walls above luminaire plane 

". . . . .  .V:alls between luminaire 8 . ' '' - - 
work plane 

.<. Wollc bolow work plane ........ ..... 
.... .2 B ........ .Floor 

l q 3 0  Catalog No. .................................. 
No. 8 Type lamps .. .!Oo.?. .................. 

9500 ............................... Lumens/Lamp 

................. ....... . Light loss Factor .! e(. 
(LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = L), 2 ; Ceiling Cavity Ratio = . 9 ; Floor Cavity Ratio = 2 , / 
2. Obtain effective ceiling cavity reflectances (,,,,.) from Table 6; pee= L) 3 
3. Obtain effective floor cavity reflectance (,,,,) from Table 6; pf, = 18 
4. Find coefficient of utilizatio'n from published data (lor rrv -- 20%) C.U. =' .6G 



. . . . 

ILLLCMI~UATIC~P~I CALCULATION SHEET . .  

For Use with IES Zonal-Cavity Method 
(see individual data sheets on luminoirns for cocfficicnts of ~ t i ' l i t r t l ~ n )  

GENERAL, IIJFORMATION , ' . 
:L.L. &LDG . . company name and addrerr. ... ;. ................................................................... 

- A l e  .LOCK *c: Area to be lighted ............................................................................. 
lo  Design level of illumination. ........................ .(+Mid) (maintained) . 

Calculated by. .................. .Date. ......... .Checked by. ..................... .Orto ........... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

20 20 ................ .Room Length 
I2 .Room Width ............... 
.!'! ; X.. .Height of room between lumlnalre & work plane (hrc) .... ... 

1 -. ..... r'..>. . . . . . .  .Distance from luminaire plane to ceiling (hcc) 

....... 4 ...... .Height of work plane above floor (hfc) 

Room Surface Reflectance lo 70 Luminalra 

;r. .Ceiling Manufacturer ................................ ....... ..... 
19 30  ' ................................... i.. .Wails above luminaire plane Catalog No. ....... ..... 

.Z?. .I : .Walls between luminaire & No. 8 Type lamps ............... :. /80 U/ .. . . . . . .  ........... 
work plane ............................... jl 4x00 LumensILamp 

.%. .Walls below work plane $ 1 .  ..... ....... 
Light loss Factor ........ .-. .................... 

.LO.. , .Floor (LLD x LDD) ... ...... 
. . 

SEtECTIOI\I OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 7,6 ; Ceiling Cavity Ratio = /, L ; Floor Cavity Ratio = 3, 9 . . 

2. Obtain effective ceiling cavity reflectances (,,,,.) from Table B; 3 9 . . 

9. Obtain effective floor cavity reflectance (,,,,.) from Table B; p,, = 17 

4. Find'coefficient of utilization from published data (for = 20%) C.U. =' ,L)4 

No. P F  - FCoT C A N D L F S  % AezA 
4 



. . 

ILL~~CVIIIUATIGPJ CALCULATIQN . . .  SHEET 
For Use with lES Zonal-Cavity Method 

(See individual data sheets on lumin~ires for cudfficients of utilization) 

GENERAL IiJFORMATlON , ' ' ,  . - 

3 H h F 7  ' &QM Area to be lighted ............ ...................................... .......................... 
5 9  Design level of illumination. ........................ .-) (maintained) . . 

Calculated by. .................. .Date. ........ .Checked by. .................... .Data.. ........ 
DESCRIPTION OF AREA.AND LUMlNAlRE 

----- - .  
Dimensions 

.6.?. .Reem Length ... ....... W.?. 
3 7. .Room Width ............... 
.!?a;<. .Height of room between luminaire 8 work plane (hrc) .... ...... 

..... ?. :.?-, . . . . .  .Distance from luminaire plane to ceiling (hcc) 

.& .Height of work plane above floor (hfc) ...... ....... 

Room Surface Reflectantd lo 70 Luminafra 
7 ,.,') ................................ .;. .Ceiling Manufacturer .... ......... . 

r ;. .Walls above luminaire piane .................................. / 9 3 0  Catalog No. ......... . . . .  
1. / O O  W I 

..,'.q. ) .Walls betvieen luminaire & ... . . . . . .  No. 8 Type lamps ............................ 
I work plane 9 .YO 3 Lumens/Lamp ............................... 

! :\. Wallg bclow work plane 8 / . . . . . . . .  . . . . .  ..... . .... .......... Light loss Faetor cr.. , , , , ;. ; .? .Floor ................. (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = :. ,,.' ; Ceiling Cavity Ratio = ,L ; Floor Cavity Ratio = ! Y 
2. Obtain effective ceiling cav~ty reflectances (,,,,) from Table B; prc= 6 1 
3. Obtain effective floor cavity rellectance from Table B; pl,. = / 8 
4. Find coefficient of utilization from publ~shed data (for ,,,, = 20%) C.U. =' , 6 3  



ILLeGMINATIGP4 CALCULATION SHEET ' ' ' . 

) 

. . 

For Usc wifh IES Zonal-Cavity Method 

(See individual data sheets on luminaires for cdcfficicnts of utilization) 

GENERAL II4iORMATION. . 
. . - 

I 

. L . ,  L, n u c  2ompany name and address. ... ;. .................................................................. I 

Area to be lighted.. .......... : .. .'?.Keg ./?h.4~. ... ;A&M.. ............................. ; 
Design level of illumination.. ....... i .  . .so. . .(=.$. ... :(initial) (maintained) 

Calculated by. ................... .Date. ........ .Checked by. .................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

2 3  ........ 70. ...... koom ~ e n ~ t h  
LtO .Room Width ............... 

h k  . ..... .!3.,Z. .... .Height of room between luminaire 8 work plane (hrc) 
.:,: , >-- ................ .Distance from luminaire plane to ceiling (hcc) 
4 .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance lo 70 , Lurninalro 

..?O.: :.Ceiling Manufacturer .. ...... ................................ 
j .  ..... .Walls above luminaire plane 1 9 3 0  ......... Catalog No. .................................. 

.5.3. .(: .Walls between luminaire 8 lo0  \A/ .. .'..... No. 8. Type lamps ............................ 
I work plane 9200 Lumens/Lam~ ............................... 

........ .C.. ... .Walls below work plane 

. ..... .i.* , ...... .Floor 
81 .............................. Light loss Factor 

(LLD x LDD) 
. . 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 - 6 5  ; Ceiling Cavity Ratio = . V 9 ; Floor Cavity Ratio = . 8 
, . 

2. Obtain effective ceiling cavity reflectances (,,.) from Table B; fi. = & 9 
3; Obtain effective floor cavity reflectance (,,,,) from Table B; ,,,. = "19 
4. Find coefficient of utilization from published data (for .= 20%) C.U. =' C 4 

' I  I 

NO. B F  - F C o r  CANDLFS % AerA ' - 
F I X T I J R F  5 L A M ~ S / F I Z ~ J R C  )( L t / M 1 ~ 3  / u w P  Co )< LLf 



. . 
. . 

ILLLGMIIUATICXN CALCULATION SHEET 
For Use wilh IES zonal-~av;' ly Method 

(See individual data sheets on I!rminairrs for cocfficicnts 0f utilization) 

GENERAL Il\lFORMATION . ' . 
d' L. .&LOG Company nameandaddress .... ................................................................ 

. . ............................................ Area to be lighted. ........... :. DdS K. :. .AREA 
'20 F C  ........................... Design level of illumination. w) (maintained) 

.............. ..................... Calculated by. ... ; .Date. ........ .Checked by. .Date.. ........ 
DESCRIPTION OF AR'EA AND LUMINAIRE 

22- 

Dimensions 

$30 ' ................ .Room Length 
6 6 '  .Room Width 

. +. 
------- -- ............... 

hfc 
2'. 

.... .3.).,.r. .... .Height of room between lumlnaire 8 work plane (hrc) 

...... %l5;. . . . .  .Distance from luminaire plane to ceiling (hcc) 

.6: .Height of work planeabove floor (hfc) ..... ...... 

Room Surface Reflectance lo 90 , Luminrire 

.X.4*. .Ceiling M.anufacturer ................................ ... ....... 
............... .Walls above luminaire plane ................................. I 

/ 4 0 8  Catalog No. 

. . . . . . . .  ... SO. .Walls between luminaire 8 No. 8. Type lamps ... .! Kg. .V!. . .@.p.s.. ...... 
work plane / b o o 0  ............................... LumensILamp 

.Walls below work plane . . . . . . . . . . . . .  . Light 1033 Fnoter ......... : KC.. ............ .'. 
......... ... :k?. .Floor (LLD x LDD) 

. - 
SELECTION OF COEFFlClErJT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 3 ; Ceiling Cavity Ratio = . 2 S ; Floor Cavity Ratio = . 6 
2. Obtain effective ceiling cavity reflectznces (,,,,.) from Table B; p. = y f? 
3. Obtain efiective floor cavity reflectance (,,,,) from Table B; pi, = 1 ' 7  
4. Find coefficient of utilization from published data (for ,,,,. = 20%) C.U. =' , 7 

No, O F  
FC.or S . L , , C L E S  x ALr* - - .- 

F ~ A ~ O R I T  s L A . M P ~ ~ ; F I Z T J R C  j: L J W B N S  /LCl*p X CY x LLF 



ILLUMIIVAYIGN CALCULATIQN SHEET 
For Use wilh IES Zonal-Cavity Method 

(Seo individual data sheets on luminaires for cocfficicnts of utilization) 
.) ' GENERAL IiJFORMATlON . . 

L'.c '&LOG Companynameandaddress .... i.......... ............................ .......................... 
Area to be lighted. ........... : ..... .??E g!?. . .&$.c?//?. ... .e.??.v.. .... .; .............. ;. ... 
Design lev'el of illumination.. ....... -1; .AQ. .f .S-. .... .(W) (maintained) 

Calculated by. .................. .Date. ........ .Checked by. .................... .Date.. ......... 
DESCRIPTION OF AREA AND LUMlN4lRE 

Dimensions 
2 3  ..... e? ...... .Room Length 

r . . . . . .  ..... .??. .Room Width . . 
.I C ,- ..... ./A,., ... .Height of room between luminaire & work plane (hrc) 

..... .Z 5.  ..... .Distance from luminaire plane to ceiling (hcc) 
Y .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance lo yo Luminalre . 

. . .  
.Ceiling Manufacturer ................................. ............... 

............... .Walls above luminaire dlane Catalog No. .......... /.? 7.9.. ............... 
5::. !. .Walls between iuminaire B /oo w ... .. ...... No. CL Type lamps ............................. 

work plane 9 ~ 0 3  Lumens/Lamp ........................... : ..... 
.L.. .Walls below work plane 8 I ......... . .  

Light loss Factor .... .; ... : .................:. 
.?.(?.,. .Floor (LLD x LDD) .... ....,. 

. - 
SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 ,  & : Ceiling Cavity Ratio = . 9 : Floor Cavity Ratio = .7  E) 

2. Obtain effective ceiling cavity reflectances (,,,,.) from Table B; be = ~6 . . 

3. Obtain effective floor cavity reflectance (/),,) from Table 8; plr = I,9, 
4. Find coefficient of utilization from published data (for rrv = 20%) C.U. =' . 6 Z 



ILLU~l~V1ATIC3~.l CALCULA'IQN SHEET 
For Use with 1 / 3 3  Zonal-Cavily Method 

(See individual data shcets on l u~ ina i r cs  for cbcfficients of utilization) 

GENERAL IIJFORMATION , . 
' L . L .  &LOG. Company nameandaddress .... ;.; ................................................................ 

Area to be liphted. ......... .HI. .? &. ... $, T.o~&.G. R .  ... .?I. ................................. 
Design level of illumination.. ........... : .!4? . F5.  . . . .  (W) (maintained) 

Calculated by. .................. .Date. ........ .Checked by. .................... .Date.. ........ 
ON OF AREA AND LUMlNAlRE 

.,.?o. Room Length ..... .. . . . .  
...... ..... .Room Width 

- ,  wj 1 I ,>.- 

3.3 
W.?. ---- ---  --A'.. 

I hf c G J ..... .'!! i-f. .... .Height of room between luminaire 8 work plane (hrc) 4 
L-: 1.- , ., i .Distance from luminaire plano to ceiling (hcc) .............. 

....... .G ..... .Height of work plane above floor (hfc) 

Room Surface Rcllectrnco 10 LuminaIro 

................................ ........(. .. .Ceiling Manufacturer 

. . . .Walls above luminaire plane Catalog No. ....... /.'??.o.. ........ ........*......... 
I .  I ... ZR ;., . . . . . .  .Walls betwaen luminaire B No. 8. Type lamps ... / ~ 9 . w . .  ................ 

work plane ............................... 1 :?roc, LumensILamp 
:,% Wollc bclow work plano ....... ...... 7 0  ......... ................ Light loss Factor .#. ;. .......... ... 2- 2 .Floor (LLD x LDD) 

SELECT101\1 Of COEFFICIENT OF UTILIZATION 
' 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = / , 8  ; Ceiliog Cavity Ratio = . 3 7 ; Floor Cavity Ratio = , 7 
2. Obtain effective ceiling cavity reflectances (,,,,) from Table 9; = q~ . . 

3. Obtain effective floor cavity rellectance (,,,,) from Table B; we = 19 
4. Find coefficient of utilization from published data (for prv '-- 20%) C.U. =' 6 6 

I * 

No,  & F  - fcor & N D L F S  % AerA - 
F l X T J f C E  s L A M P _ C / F I Z T J R C  L L I H E , . ~ $ / u ~ ~  x CO x I L F  



ILLUMISUATIaN CALOULATION SHEET 
For Use with IES Zonal-Cavity ~ b i h o d  

(See individual data sheets on luminaires for coolficients of utilization) 

GENERAL IfJFORMATlON . . " . . - 
Company name and address. ... ; ...................... i.. ........................................ 

. 4 1 s  c . s.ro R A G E  . * z  Area to be lighted.. .......................................................................... 
. . 

Design level of illumination.. ........ ...... !!?. .f?. . .  (iMi&j (maintained) 

Calculated by. .................. .Date. ........ .Checked by. .................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

..... .7.6. . . . . .  .Room Length 

.zG.. .Room Width ..... ..... 
1 1 ;  5- ............... .Height of room between luminaire 8 work plane (hrc) 
2 , T  ............... .Distance from luminaire plane to ceiling (hcc) 
L .Height of work plane above floor (hfc) ............... 

Room Surface Reflectance 10 % Luminalre 

. . .... ................................ .: .,4 .Celllng ...... Manufacturer 

........ .'., ..... .Walls above lumiriaire plane Catalog No. .......... (?.?2.. ............... 
.5:9. <: .Walls between luminaire 8 No. 8 Type lamps ............................ /oo \A/ .. . . . . .  

, work plane Lumens/Lamp ..........................I..... B r o  a . ........ 1 ...... .Walls below work plane 

.... AO. ......... .Floor 
* d./ Light loss Factor .............................. 

(LLD x LDD) 

SELECTION O f  COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 ; Ceiling Cavity Ratio s . 9 ; Floor Cavity Ratio = / 
2. Obtain effective ceilirig cavlty refleetances (,,,,.) from Table B; = 4 b  . . 

3. Obtain effective floor cavity reflectance from Table 8; ,, = 17 
4. Find coefficient of utilization from published data (for ,,,. -- 20%) C.U. =' ~6 

8 4 

N O ,  6~ - F C O ~  c ~ N ~ L ~ S  X AerA - .  .- 

F I X T J R E  s L ~ M P S / F I Z T J R C  L I I M ~ ~ ( ~ / ~ I ~ T ,  C U  x L L F  





. - - - -  -- -,- - - - - - m e  S W 8 U  - @  @ h G  , 

For Use with IES Zonal-Cavity Method . . 

(See individual data sheets on luminoircs for c,ocfficicnts of ~tlli28ti0n) 

GENERAL II~FORMATION . . 

. . 
~ r e a  to be lighted.. ........... :. . .,.k?~#.?!. ..............................................: 
Design level of illumination.. ........... /.Q. .ft .... .(initial) (maint81ned) . . .  

. . .  

Calculated by.'. ...... .'. ....... ; . .Date. :....... .Checked by.. ................... .D8t@. ......... 
DESCRIPTION OF -AREA AND LUMINAIRE 

Dimensions 
. . .  

., 3P. .Room Length ..... ..... . .  
. . .  ...... .! -9. ..... .Room Width 

. G  .Height of room between luminaire 6 work plane (hrc) ............... 
!: ?. .Distance from luminaire plane to ceiling (hcc) . . . . .  ..... ...... 

. . " 5 -4:. .Height of work plane above floor (hfc) .. . . . . . . .  .... ....... . . . 

. . .  
. . 

Room Surface Reflectance If? % Luminaln . . . ': . 
. . 

9 13 . . ................ Celllng Manufacturer ................................ 
f 
/ .................. .Wails above luminaire plane 

..... .?.? .$ .. ; . .Walls between luminaire a 
/' . work plane 

r- .Walls below work plane ........ ... 
2 0  ......... , ...... .Floor 

Catalog No. .................................. 
No. 8 Type lamps .... .z :T< ?? ............... 

3/00. LumensILamp .........................;..... 
7s Light loss Factor ....... !. ..................... 

(LLD x LDD) 
. 

SELECTION OF COEFFICIENT OF UTILIZATION ., ,' - .. 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2.7 ; Ceiling Cavity Ratio = . , 7 ; Floor Cavity Ratio = ! . I 
. . .  

2. Obtain effective ceiling cavity reflectances (rr,.) from Table 6; p,.c 7 0  . . 
3. OS!ain effective floor cavity reflectance (,,,,) from Table B; ,,,, 2 lo 

4. Find coefficient of utilization from published data (for ,,,. --- 20%) C.U. =' '6 3 
I 

1 1 



.. . -. ......... - .  - u u - - m  m u m -  Y. .-.*a 

For Usc with IES ~onitl-cavity Method 
' (Set, individualdata sheets on luminairn.for cocffielents Of Utflhatkn) 

GENERAL IfJFORMATlON . ' . . 
. * 

.. company name and address.. ;. ... .. .. .:. .. .:. .. &.r?. . .,/3k?G.. ............ .. ...... .... .;. 
' &&?PA O F f f C F  Area to be lighted ............ ;...,...... ..........,.,................................,........:. 

Design level of illumination.. ....... ; .... .?Q .?.$, .. . ~ ( m a l n t a l n o d )  ,' 
. . 

Calculated by. ....... i .. .'. ...... .Date. ........ .checked by:. ................... .Data.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

. . .  Dimensions 

.... .?.f-l. . : .... .Room Length 

.l ;C ; .Room Width .... .... . .  
..... .'& ....... .Height of room between luminaire & work plane (hrc) 

/,>:. .Distance from luminaire plane to ceiling (hcc) ..... ..... - . .  . . .  -9, ?. .Height of work plane above floor (hfc) . . . .  .... ...... 
Room Surface Rcflectanc. Ir) % Lurninrln . . .  

. . . . . .  .8.9 ...... .Ceiling Manufacturer ................................ 
,I ......... .:;'. ... .Walls above luminaire plane Catalog No. ................................. 
.... ..... .??. ..: .Walls between luminaire i No. 8 Type lamps ..... ?;. !=. ?.?. .............. 

............................... C plane 
3 / 0  0 LumensILamp 

.Walls below work plane ............... 
Light loss Factor , : 7.Z.. &. - ..... ........... .... .3.0. .......... Floor [LLD x LDD! 

. - 
SELECTION OF C O E F F I C ~ E ~ J T  OF UTILIZATION . ,' . . 
1. Defermine cavity ratios using Table A or bj) tormulr 

Room Cavity Ratio r= ..,3 : Ceiling Cavity Ratio ;; . 7 5  :Floor Cavity R a t i ~ s  1 ,  2 5- ' . . , . . 
. . .  2. Oktain effective ceiling cavity reflectances (,,,,.) from Table B; F,= 7 0 

3. OS!ain effective floor cavity reflectance (,,,,) from Table 8; w. = I Y 
4. Find coefficient of utilization from published data (for ,,,. --- 20%) C.U. r'. GO 

t 

NO. - FCor C A N D L F S  'X AerA 
d 

FIATLIRE 5 L A M P J / F ~ % T J R ~  x L J M B ~ A  /U-P 

! 



. . -. - r  r - - - w  . U . Y  d m  U b L i  I .......... .. 
For Usc with IES Zonal-Cavity Method 

. . . . 
(See individual data sheets on luminaires for coclficicnts of utilization) 

GENERAL II.JFORMATION. . ' . 
~ L D G .  company name and addre-. ..,.............. .,&!?. ........................................... 

Area to be lighted.. ........:. ;. ....... w.!.cf.. . .?.Fl?f.qfi.. .............................. 
' 70. FC, Design level of illumination. ...................... . f t tdMj  (maintained) . . .  . . 

Calculated by. .......:.......... .Date. ......... .Checked by. .................... .Data. ..... : .... 
DESCRIPTION OF AREA AND LUIVIINAIRE 

birncnkonr 
. . .  

. . ..... ., x9.. . .,. .Room Length 
1 2 .  .... : .......... .Room Widlh 

. . 

..... !. ........ .Heighl,of room'between lumlnaire 8 work plane (hrc) . C 
.Distance from luminaire plane to ceiling (hcc) ..... .... 

2,5 .Height of work plane above floor (hfc) . . .... ............... 
. . .  

. . 
Room Surface Reflectanto lo % ' LumlnrIn . . . .  

.8. c) .Ceiling ................................ . . ...... .... Manufacturer 
/ .................................. .......... .:, ... .Walls above luminaire plane . Catalog No. 

5.P .( .Walls between luminaire & .:. ...... ... No. 8 Type lamps :As: .f .!Q.. .............. / work plane 3/00 LumensAamp ............................... 
.!, .Walls below work plane ......... .. 

..... .7= ?, ...... .Floor 

- 
. Light loss Factor ...... .? ??. ................ ;. 

(LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION . . ' 

1. Determine cavity ratios using Table A or by formula . . 
Room Cavity Ratio = 3 ; Ceiling Cavity Ratio = , , 75 ; Floor Cavity Ratio = /. 2 7 . . 

2. Obtain effective ceiling cavity reflectances (rr.) from Table B; p, = 70 . . 

3. Ob!ain effective floor cavity reflectance (,,I.) fro; Table 8; = 1 9 

4. Find coefficient of utilization from published data (for ,,. - 20%) C.U. =: 4 0  
t 

. . . i '  

NO, o f  - FC8r C A F I ~ L ~ S  % AarA . - 
FIATJRP 5 L A M P S / F I Z ~ Q R C  )( L J M ) H ~ / ~ # ~ P  



.- - - - --  --. - -  m v m  - 8 , : 

For Use with IES Zonal-Cavily Mathod . . . . . . 
. . 

(See individual data sheets on lumin;~ircs for coclf ic icn~r of utillzrlion) 
. . . . .  

GENERAL IidFORMATION , . ' - . . 
. . .  

/ to ' / )L -DG . Companynameandaddreu ..., ;................. ............................................... 
. M * O I * I A G C M ~ N T  i o t q  ~ r e a  to be lighted .............................................................................~ 

. . 

Design level of illumination.. ....... 1 .. .x*. !%. ..... (HtIidj (mrlntrlnod) . . . .  . . 

Calculated by. ........'........ :. .Date. :....... .Checked by.. ................... .Date.. ........ . . 

D E S C R I P T I O N  OF AREA AND LUMlNAlRE 

Dimensions 
. . .  

.?:.cf.. .Room Length 
' ..... .... 

1.2 .Room Width ............... 
. C  

hf@ 28C 
.Height of room between Ittminaire 8 work plane (hrc) ............... 

./: .Distance from luminaire plane to ceiling (hcc) ..... ...... . .  
. . .  

. . . . 
. . .  . .  .... .2,5.. ..... .Height of work plane above floor (hfc) . . . . . :  _... . -  

. - 
Room Surface Renretance I0 70 . ' Lumlnr in  . .' . ' 

Manufacturer ................................ 
.......... i .... .Walls above luminaire plane Catalog No. ................................. 

X Y  .( .Walls between lurninaire L 2. F 40 ............................ No. 8 Type lamps .... ..... 
i work plane 3 /00 Lumens/Larnp ............................... 
.'A .Walls below work plane 7Y ........ . . .  ........................... Light loss Sactot .;. 

2 !I ......... , ...... .f loor (LLD x LD3) 
. 

SELECTION OF COEFFICIENT OF UTILIZATION . ,' 
. . 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 3,7 ; Ceiling Cavity Ratio = . ; 9 ; Floor Cavity Ratlo = 11.6 . , 

2. Obtain effective ceiling cavity reflectances (PC,.) from Table B; p, r .L8 
3. OS!ain effective floor cavity reflectance (,,,,) from Table B; me = 2 0 

4. Find coefficient of utilization from published data (lorrrv = 20%) C.U. 3' ,x= 
I 

I i 

NO, O F  - FCoT C A N D L F S  % AerA - 
F I X T O R E  5 L A ~ P S / F I Z T J I L Z  



. . .  
For Use wirh IES Zonal-Cavity Method 

(See individual data sheets on luminaires for cocfficicnts of utiliution) 

GENERAL IIJFORMATION . . , '  
. . . . . 

' /to a ~ o &  .Companyriameandaddre ss.... i........... .................................................... 
I ? l f ~ / ~ T ~ t ? -  C o N F . t 5 P f ~ c  k M  Area to be lighted ............................................................................ . . 

Design level of illum.inatlon.. . ; ..... r.5" .FC. ...... .(initial) (malntainrd) . . "  

Calculated by. ....... .' .......-,. .Date. ........ .Checked by. .................... .Date.. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

. . 
Dimensions 

. . 

Y 8 Roorr, Length ................. 
.%-.kf. .Room Width ..... ..... 

........ A. ..... .Height of room between Iuminaire 6 work plane (hrc) 

/ / x .  .Distance from luminaire plane to ceiling (hcc) ..... ...... 
. . . . . .  2 5- ; .Height of work plane above floor (hfc) . .....#........ . . . .  . '. 

. . . . -  

Room Surface Reflectance If? % . ' 
. . . . . .  Luminatm 

Manufacturer ................................ 
/ 
/ ........ , ...... .Walls above luminaire plane Catalog No. .................................. 

LP. .Walls between luminaire 6 No. 8 Type lamps ..... .z. :.f.q?. ............. ... 
........ ................ C '  Lumens/Lamp x(OP.. 

.Walls below work plane 73- ............ Light loss Factor ...... -2.. ................ .;. 
29. ......... .Floor (LLD x LDD) ... 

SELECTION OF COEFFICIENT 0F.UTILIZATION . , 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 1, 8 ; Ceiling Cavity Ratio = , ~5 ; Floor Cavity Ratio = .7? . . 
. 2. Obtain effective ceiling cavity reflectances (,,.) from Table 8; p, = .7 3 .. 

3. Bh!aln effective floor cavlty refleciance (,,,,) from Table 8: ,, = 1 

4. Find coefficient of utilization from published data (for ,,,. --- 20%) C.U. =' 7 0 . 
1 

' I - 

No, O F  - p c o r  ~ ~ ~ / o ~ r s  x Ad*A - 
F I A 7 J R E  S L A M P ~ / F I S ~ L I I Z I  )( LVMENS/LLMP 



ILLUCVIIIUATION CALCULATION SHEET 
For Usc with IES Zonal-Cavity Method 

(See individual data sheets on luminaires for cocfficiants of utill2atlon) 

GENERAL IIJFORMAT~ON . ' . . 
A D  .OLPG ' Companynameandaddress ..., ........................................ ......................... 

V I P  S E A f i N G  Area to be lighted ............. ...................................... .......................... 
Design level of illumination. ............. .Ao. ...... .(hiWj (maintained) 

Calculated by. .................. .Date. ........ .Checked by. ..................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

( Rnnm I..ength 1 .-3 . . . . . . . . . . . . .  W.C. 

! 2. .Room Width . . . . .  . . . . . . .  
hfc 2 ,  ? ....... 6. ...... .Height of room between luminaire 8 work plane (hrc) 

..... /, F.. . . . . .  .Distance from luminaire plane to ceiling (hcc) 

Height of work plane.above floor (hfc) ..... . . . . . .  

Room Surface Reflectance 10 yo . Lurninriro 

.f*. .Ceiling ...... .... Manufacturer ................................ 
............... .Walls above luminaire plane Catalog No. ................................. 

...... ..... .KO. .Walls between luminaire 8 No. & Type lamps 2:. E.-.KD.. ............... 
work plane Lumens/Lamp ...... ?.!?.9.. ................. 

, , .Walls below work plane ............ . 7s. ... .*. . : ,. ........:. ..... Light loss Faetor .*. , , , , ....... ..... .2.3, Floor (LLD x LDD) 
. . 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = ; Ceiling Cavity Ratio =I 1 ,  0 ; Floor Cavity Ratio = 1 .  7 
2. Obtain effective ceiling cavity reflectances (pa.) from Table B; pee = . G 7 
3. Ob!ain effective floor cavity reflectance (,,,,) from Table B; pfr = 1.8 
4. Find coefficient of utilization from published data (for rn. ---- 20%) C.U. =' . Sq 



ILLLGMI~UATION CALCLJLATIQN SHEET 
For Use with IES Zonal-Cavity Method. 

(See individual data sheets o n  1"minaircsfoi cbofticicnts of utilization) 

GENERAL IIJFORMATION . . 
Company name and address. ... ;. ....... k . D  i .; .@.k?.';.q~. .................................. .-. ... 

FOOD. . PRSP' . . 
Area to be lighted ............ :......... ............ :............... ........................... 
Design level of illumination. ........ ; .... .?P. .PC. .. ; .(Mi&) (maintained) d)t'RoM ' r s  

.................. .................... Calculated by. .Date. ......... .checked 'by. .Date. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 

?,.+. . . . . . .  .Room Length ..... W.?. 

. / .g l . .  ..... .Room Width .... 
..... .'& ....... .Height of room between luminaire 8 work plane (hrc) - 

!: ?. .Distance from lurninaire plane to ceiling (hcc) ...... .. . . .  
3 ...... .H.eight'of work plane above floor (hfc) ....... 

Room Surface Reflectance I0 70 Luminalre 

S H .  v 9  .Ceiling .............. Manufacturer ................................. 
f 

-1. .  .Walls above luminaire blane .................................. G P -  2 r f ?  - F A 5  Catalog No. ......... .. 
................ .. . - .Walls between luminaire 8 No. 8 Type lamps .A. T.E.??. 

work plane 3 / 0 0  Lumens/Lamp ............................... 
.Walls below work plane 75 ...................... ....... Light loss Factor c 

2 0  ................. .Floor (LLD x LDD) 
. . 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2,s ; Ceiling Cavity Ratio = . 6 . : Floor Cavity Ratio = 1 1  6 
2. Obtain effective ceiling cavity reflectances (,,,,.) from Table B; pee= 71 . . 

3. Obtain effective floor cavity reflectance (,,,,.) from Table B;'rr, = 1 8 

4. Find coefficient of utilization from published data (for ,,,. - 20%) C.U. =' .6 3 



ILLUMILUATIDFJ CALCULATIONSHEET 
For Use with IES Zonal-Cavity Melhod 

(See individual data sheels on luminaires for cocf f ic ic~ts of ctillzrtfon) 

GENERAL INFORMATION . . 
Company name and address:. .. ;. ..... .AD.?!!%;. .. .&kr?G.. ................................... 

' . F E T E ~ ~ A  Area to be lighted.. ........... .*. ........................................................... 
/as  Design level of illumination.. ........ : ..... X*.f.5 .... ( k i h b )  (maintained) ' a u M  

Calculated. by. .................. .Date. ........ .Checked by. .................... .Data. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 
, - 

hrc 10 ..?:?. :.Room Length ..... . . . .  W.P. 

.;: k .Room Width ------ --L ..... ...... 
htc 2.9 ' 

$. .Height of room between luminaire 8 work plane (hrc) - .....:. ...... 
...... .!*.<. .... .Distance from luminaire plane to ceiling (hcc) 

...... .:.$. ..... ;Height of work plane above floor (hfc) 

Room Surface Reflectance 10 yo , Luminaire . 

yo .Ceiling 5 ~ 1 0 0 7  ' HOLMW Manufacturer ............... ................................ 
I 

:! .Walls above luminaire plane GP - 2 q R  - F R S  ......... ..... Catalog No. ................................. 
/ .... ;.L?. ... :.... .N1alls between luminaire 8 No. 8 Type lamps ... k.'. .f .*. ................ 

work plane 310 o 
LumensILamp ....... ........................ ;,. Wall6 below work plane ........ . . . . .  -7-5- .............................. Light loss Factor ......... .... .i ?. .Floor (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ralio = I ,  95 ; Ceiling Cavity Ratio = , 9 ; Floor Cavity Ratio = , 6 
2. Obtain effective ceiling cavity reflectances (,,,,) from Table B; . .7+ . . 

3. Obtain effective floor cavity reflectance (,,,,) from Table 8; p,. = 19 
4. Find coefficient of utilization from published data (for I,,,. --r 20%) C.U. =' . 71 

N o ,  a F - :- E S X A fi  ?A - 
F l X 7 o R E S  L A ~ C * P J / F I ~ T J ~ C  )( L J M ~ N ~ / U , ~ ~  2, cu x LLF 

\ 



- . ,, - - - - - r - - r m .  m u . U  U* 0 - L . l .  . 

. . .  . ' For Usc wi!h 1ES Zon~l-Cavity Melhod 
. : .  

(See individual data sheets on luminaires for coctficicnts of utilldon) : ' . . 

GENERAL I i J F O R M A T I O N  . ' . 
. . - .  . 

. . . . . . .  . . 

. ; p o  n i p c -  Companynameandaddre ss.... i............... ........,.............................:........... 
C O R R ~ D O Q  . . '  . .trea to be lighted ............. :...,................................................,...-...-.: 

Design level of illu,nination.. ....... : ... (P. FC.  ..... ClniUd) (malntalned) . . .  
. ,. . . 

Calculated by. ....... .'. ...... :. . .Date. :....... .Checked by.. .;................ :.Dde.. ....... , 
D E S C R I P T I O N  OF AREA AND LUMlNAlRE 

Dimensions . . 

.I.? S ................ .Room Length w.?. 
6 .Room Width ............... 

hfc . . 

..... .'?..x ..... .Height of room between luminaire & work plane (hrc) - 
:.3. .Distance from luminaire plane to ceiling (hcc) ....... ..... . . . 

. . 
. . .  0 . . . . .  

. . 
.Height of work plane above floor (hfc) ............... . . .  . . . :.. 

. . 

. . . .  Room Surface Reflectance I0 ?* Luminain 
'L ., H O L D  PHANC ...... .(. .?. .... .Ceiling Manufacturer ............................. , ... 

/ 
!,. .Walls above luminaire plane " L / O  o ........... .. Catalog No. ................................. 

1 - 
3-0 ,; ................ .Walls between luminaire B No. 8 Type lamps .... !.. I!:.??. ............... 

.( 
: work plane .... ........................ 31 O D  Lumens/Lamp .;. 

.'., .Walls below work plane .......... .. -75 . . Light loss Factor , ........................ .,. ..... .A 3,. ...... .Floe: (LLD x LDD) 
. . -  

SELECTION OF COEFFICIENT OF UTILIZATION . , '  - _. 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 8 ; Ceiling Cavity Ratio =: , ; Floor Cavity Ratio = 0 . . 
2. Obtain effective ceiling cavity reflectances (,,) from Table 8; p. = .7  Z 
3. OS!ain effective floor cavity reflectance (,,,,) from Table B; ,,,, = 20 

4. Find coefficient of utilization from published data (for,,,,. = 20%) C.U. =' 3 1 
I 

FCOr C A N O L F S  .% AerA No, a f  - - 
F I X T J R E 5  L A ~ * ~ P S / F I J ~ T J ~ C  )( L I I M B M ) / - ~ P  



. . . . . . .  - ... ,, , , ,---r .. . m u  Y. .b.* I 

For Use with IES Zond-Cavity Method 

(See individual data sheets on luminaircs lor cocfficicntr d utllltrlh) 

GENERAL IiJFOrZNlATlON . ' . 
company name and addnu . .  .. ;. ............. .:. .... .A$. .. N.G.~?.  .'. ......................'.. 
Area to be lighted.. .......... :. .... .C.q.@-.&l.~?.bl.. .. ,h . $3.. .............................. 

. ...... ... .. Design level of illumination.. .1. .!*. ,?c; .fhHrl) (maint8ln.d) 
. . 

Calculated by. ....... .' .......... .Date. ........ .Checked by. ..................... .Date.. ........ 
DESCRIPTION OF AREA AND LUkllNAlRE 

Dimensions 

LO ................ .Room Length w.?. 
& . R ~ o f h  WiJtll ............... 

hlc 
7,5- . .Height of room between luminaire h work plane (hrc) ............... 
5 .  . r  .Distance from luminaire plane to ceiling (hcc) ..... ........ 
0 . . .  .... .Height of work plane above floor (hfc) ............... 

. . 
, . . . 

Room Surface Reflectancm 10 % .' Lumlnrln . 

(yo Ce~llno . . Manufacturer ................................ ................ 
/ P 
: .Walls above luminaire plane Catalog No. .................................. 6/00  .......... .... 

............ ....... .Lo. >i .... .Walls between luminaire h .... No. 8 Type lamps l.:f.?!?. 
/' . work plane 3/ 00 ............................... LumensILamp 

......... :,, .. .Walls below work plane , 7 ~ -  Light loss Factor .......................... .;. 
,<. -I ................. .Floor (LLD x LDD) 

. . 
SELECTION OF COEFFICIENT OF UTILIZATION . , '  

. . 
1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = $,7 ; Ceiling Cavity Ratio = , usd ; Floor Cavity Ratio = 0 , - 
2. Oktain effective ceiling cavity reflectances (,..) from Table 8; F, = ? 3 

3. Ob!ain effective floor cavity reflectance (,,,,) from Table 8; = 2 3  

4. Find coefficient of utilization from published data (for,,, --- 20%) C.U. =' ,2  t( 
I 

I I 

. . 

0 X 3G5, 3 G O O  
,- . ....̂ ----.-..... . . .  .--.- = --.--.. -- : 5-, be 6 B. 

3 / 0 0  A ,.28 A ,7r 6 $ l . . . CPV Aar 



- - - -  -- - .-.I. . V . Y  C 1 I  IhL; I 

' For Usc with IES Zonal-CavilyMelhod . . . . . . 

(See individual data sheets on luminaires for'cocfficicnts of utilization) . . 
. . 

GENERAL Ii\1FORMATION , " . . - . . . . 
: 4 . p : -  f i  LDC-  Company nameandaddre ss.... ...................... ........................................... 

. . 
Design level of illumination.. ........... .I$. .!'. C ... .finiW)(maintalned) . . .  

Calculated by. ....... .'. .......... .bate. ........ .Checked by.. ................... .Date.. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions . . ,rl 
.l.?.x. Room Length .... ...... 

.4. . . . . . .  .Room Width ------ -- ...... 
-, - hft 

2=* 
: . rc2 . .  .Height of room between luminaire 8 work plane (hrc) ... ..... 

..... .*.A?. . .... .Distance from luminaire plane to ceiling (hcc) 
. . .  o .Height of work plane above floor (hfc) ............... . . .  

. . 

Room Surface Reflectance 10 % LuminaIm . .  . . 
. . 

d l 0  ..... .Ceiling Manufacturer ................................ ...... 
................................. .Walls above luminaire plane ............... Catalog No. 

.$:R.. .Walls between luminaire & / - f  40 .... .... No. 8 Type lamps ............................ 
work plane LumensILam~ ........ .3!.? Z? ................. 

.............. .Walls below work plane 75- . ....... .................. Light loss Factor .#. ;. 
.A$. .Floor (LLD x LDD) .... ........ 

- - .  

SELECTION OF COEFFICIENT OF UTILIZATION . , '  
. . 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 8 ; Ceiling Cavity Ratio = . . 9 ; Floor Cavity Ratio = 0 . . 
2. Obtain effective ceiling cavity reflectances (,,.) from Table B; p,= .7L/ 

3. 0b:ain effective floor cavity rellectance (,,,) from Table B; = 2 0 

4. Find coefficient of utilization from published data (for ,,,. = 20%) C.U. =' j 1 
1 

1 



.. ... ------. .-a- u r n  m u *  a 

For Use with IES Zonal-Cavity Method 
. . 

''(see individual data s h c l s  on luminaires lor coalfi~icnts 0f utillmtion) 
. . .  GENERAL IiJFORMATlON . ' ' - . . 

A D  GLDG Company name and address.. .. ;. ................................................................. 
. G c ~ ~ u a t  A R E A  Area to be lighted .................,.......................................:.................... 

. . 
Design level of illumination.. ...... .1. .. .5?. T.5. .... (W) (mrintalnod) . ' .  

Calculated by. ....... .'. ......... .Date. ........ .Checked by.. ................... .Date.. ........ 
DESCRIPTION OF AREA AND LUMlNAlRE 

Oirnenslons 
. . .  /" ,- ,... Room Len~th ........ ....... 

..... hP.  ...... .Ro6m Width ------ 
hfc 2 , r  ..... .'6.. ...... .Height of room between luminaire 8 work plane (hrc) 

1, >- .Distance from luminaire plane to ceiling (hcc) ............... 
. ,- . . . . .  .... .A ...I;:. ...... .Height of work plane above floor (hfc) .... 

. . _ .  ' Room Surface Rcflactmnca I Q  % ' Luminrira . . .  

83 ............... .Ceiling ................................ 
.I- 

Manufacturer 

................................. .{. ... .Walls above luminaire plane .......... Catalog No. 
... ..... .A-.?. i,; .Walls between luminaire h No. & Type lamps ... .2. :. c z'?. ............. 

.i work plane 
. . LumenslLamp ........ .?l P.?. ................ 
i,. .Walls below work plane ...:..... . .  , 7>- Light 103s Factor ............................. ...... ..... A?.,.. Floor (bbD x LDDj 

_ .  
SELECTION OF.COEFF1CIENT OF UTILIZATION . . . 
1. 'Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = . 8 ; Ceiling Cavity Ratio = : Floor Cavity Ratio IWD , 3 . . 
. . .  2. Oktain effective' ceiling cavity reflectances from Table 8; ,., = . 7 7 

3. Ob!ain effective floor cavity reflectance (,,,,) from Table B;r f .  = 20 
4. Find cocllicient ol utilization from published data (for ,,,, -- 20%) C.U. =' $0 , 

I i 

No,  c~ - ~ c o r  C A N D L C S  x AlefA - 
F I X 7 L ) R O  S LAMPJ/FISTJRC J( LJMCNA / u W p  



- -  - - - - -  ,, ,,,--. r r  . w r r  w m  * - - a  . 

. . f o r  Usc with IES'ZO~~-cavity Method . . 
, . . 

(See individual data sheets on luminnircs for codficicnts of uliltzation) 

GENERAL IiJFORMATlON . . . 
f3LloC company name and address.. .. ;. ;.. ... .;'. .... ; .. .&R.. ................................ ..:. .'. . 

.+rea to be ligh@d.. .......... :. .. , ...... Se!? EL K)! .A X ~ E F . T I : .  ......I............e.... 

Design level of illumination.. ............ .z??. F.C. .. .- (malntalned) . . .  

Calculated by. ....... .' ............ Date. ........ .Checked by.. ..................... 0810.. ..... .'. . 
DESCRIPTION OF ARE4 AND LUMlNAlRE 

Dimensions 
. . .  

..... .$f. 5. ..... .Room Length WI. 

%'t .Room Width ............... 
hfc . . 

. G , .Height of room between luminaire 8 work plane (hrc) ....... ....... 
/, 3- .Distance from luminaire plane to ceiling (hcc) ............... 

8 ,: ... . . .  ...... .Height of work plane above floor (hfc) . . .... ..... ...... . .  

. . 
. . . . . . .  Room Surface Reflectance In % . Lumindn 

...... g(?. ..... .Ceiling Manufacturer ................................ 
/ 

F ..........:..... .Walls above luminaire plane Catalog No. ................................. 
. .z?. (. .Walls between luminaire 8 ..... ... No. 8 Type lamps ... .?-. ; .c.Y .O. ............... 

/ . work plane 3 / 0 0  ............................... Lumens/Lamp 
.$ .Walls below work plane 7,' ........ .... Light loss Factor ..... 4 . .  .................. .;. 

2- 3 ......... , ...... .floor (LLD x LDD) 
- .. 

SELECTION OF COEFFICIENT OF UTILIZATION . ,' 
. . 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 1, 8 ; Ceiling Cavity Ratio = , 1 ; Floor Cavity Ratio . = . , 
2. Obtain effective ceiling cavity reflectances (,,.) from Table 8; b, = .7 2 

3. Obtain effective floor cavity reflectance (,,,,) from Table 8; = /Li 

4. Find coefficient of utilization from published data (for ,,,. -- 20%) C.U. =' 6 7 
I 

I . i  

No, O F  - FCOr C A F I D L ~ $  %' ABfA - 
F : X T d R €  s L A M P S / F , # ~ J ~ ~  A LJME,.,) / u ~ p  



. For Usc with IES Zonal-Cavity Mothod . . .  . . . . 
. . .  

(See individual data sheets on.ltiminilircs for coufficlonts of ullllrrt)ar) 
. . 

GENERAL IlJFORMATlON , . . . . 
-'/)LD . OLOC' Companynamsandaddre~ .........................,.,............................'.............' 

. . 
Area to, be lighted. ........... ;. ..... . / .MY.L . 'N .~E~ . . .  ?. .&?@.?.??.& ........................... 

~ Q F C  Design level of illumination.. ........................ (maintrlnd) . ; . 
. . .  

Calculated by.. ...... :. ....... , . .Date.. ....... .Checked by.. ................... .Dd@... ........'. 
DESCRIPTION OF AREA AND LUMlNAlRE 4 

bimensions 

...4. 8. .Room Length ..... .... 
%.,Lf. .Room Widlh ....., .... 
.6 . .  .Height of room between luminaire h work plane (hrc) ....... .... - /,.r .Distance from luminaire plane to ceiling (hcc) ............... . . 

. . . . .  L..!:. .Height of work plane above floor (hfc) ..... .... . . . . . .  .... 
. . . . 

. . . . . . . .  Room Surface Reflectanso I0 % - ' Cumlnrln . . 

..... ...... go. .Ceiling Manufacturer ................................ 
. /- .......... ; .... .Walls above luminaire plane Catalog No. ................................. 

; -5  Q. ..:. .Walls between luminaire & 2 - F'to .... .... No. 8 Type lamp# ............................ 
( work plane LumensILamp ....... .3?.??. .................. 
.\. .walls below work plane 7 r  ........ .... 

Light loss Factor ....:................. ..;..;. ...... .... -1-.3., .*loor (LLD x LDDj 
. . 

SELECTION OF COEFFICIENT OF UTILIZATION . , '  . .  
1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = ), 8 ; Ceiling Cavity Ratio = a 5 :Floor Cavity Ratto= , ,V' 
2. Obtain effective ceiling cavity reflectances (,,.,.) from Table 8; p,= . 7 2 . . 
3. OS!ain effective floor cavity reflectance ( I , , , )  from Table B;,,,, = . 19 
4. Find coefficient of utilization from published data (forrrc --- 20%) C.U. =' L 7 

I 

I I 

NO, O F  - F C O ~  C A N D L F S  % AerA - 
F I x T L ~ R P  S L A * P S / F I Z T L * R C  L J M ) ~ ( A / ~ ~ ~  X CL1 S l-LF 

' \  \ \ 



, - ,, ,,,,,.-.m m u m u  u r n  rnhh l . 

For Usc with IES Zonal-Cavity Method . .. . 
. . . . .  

(See individual data sheets on luminaires for coclficicnts O? u t i l i u t i ~ )  . . 

. . . . GENERAL Ii\IFORMATION , ' ' - .  . . .  . . 
. . 

' r 9 - ~  O L P ~  'Company name and address. ... ;. ......................... .,. ...................................... 
. . 

. . 
Design level of [llumination.. ........... : .*rP. .%. .. .-) (mainlaln@d) . . .  

. . . . . .  

Calculated by. ....... .' ........... .Date. :........ .Ghecked by.. ................... .oat.. ......... 
. . 

DESCRIPTION OF AREA AND,LUMINAIRE 

Dimensions . . 

2. ?f. .Room Length ........ .... 
. . 

P.9.  .Room Width ....... .... 
6:. .Height of room between luminaire CL work plane (hrc) .....:. . ... 

. . .  .!'.Ti .Distance from luminaire plane to ceiling (hcc) . . ...... .... . . . .  
. . .  .2 :3 .  .Height of work plane above floor (hfc) . .. ..... .... . . . . . .  . .- 

. . 
. . 

Room Surface Refleetmc. rn % Lumindn ' . - ' .  ' 

CJ-;) ................................ ..... s;. ........ .Gelling Manufacturer 
,-- ................................. .(. .... .Walls above luminalre plane ......... Cajalog No. ' .... ............. .4*.4. : .Walls between luminaire 8 No. 8 Type lamps .?. : .t .? ?... .... ... 

<.  work plane , Lumens/Larnp ........ ::. : / o c )  .................... 
.Walls below work plane Light loss Factor , ;7 3' L. .............. ......................... 

-5.e. ......... .Floor . . (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTILIZATION . .' 

1. Determine cavity ratios using Table A or by formula 

Room Cavily Ratio = 2, ; Ceiling Cavity Ratio = , 6 ; Floor Cavity Ratio = / ,  0 . . 

2. Ohtain effective ceiliirg cavity reflectances (r.,.) from Table B; p, = 7/- . . 
3. Obtain effective floor cavity reflectance (,,,,) from Table 6; Y(, = / ? 
4. Find coefficient of utilization from published data (for ,.. =-- 20%) C.U. =' 6 '3 

I 

No, O F  - Fcor c ~ N D L I S  x AerA - 
F I X ~ L ) R E  S L A H P S / F I # T J ( L C  )( L U M E N )  /UHP 





- - - -, -, -. . - - - ~ e - r w  m u m - .  Y I  @--  #. , . . 
. . 

For usc with ~ ~ ~ ' ~ o n ~ l - ~ a v i l ~  Method. . . .  
' . . _  

(See individual data sheets on luminaires for codficicnts of . u t l l l u t i ~ )  . . . 
. . . . .  . . 

GENERAL IIJ~ORMATION . " , . . . 
- .  . . 

company na'me and addreu.. .. ;. ................. k,Q.. . .Gh Re.. ;......................... .:. 
/2 E / ~ ~ O D L I C T / # N  .............................................................. irea to be lighted.. ............ :. .. , 

. . . . 

Design level of illumination.. .........:.. ;?C! . tc .. .(W) (malntalnod) . . . .  . . 

Calculated by. ........ .' ........... .Data. :....... .Checked by. .................... ........ 
r .  

DESCRIPTIOPJ OF AREA AND LU~IINAIRE 

Dimensions 
. . 

+ g  ................ .Room Length 

%'f .Room Width ............... 
hfc 

' L ............... .Height of room between luminaire 6 work plane (hrc) 
7 ' !, -> .Distance from luminaire plane to ceiling (hcc) . . . . ............... . .  

' c /  . - . . . .  :... .A .Height of work plane above floor (hfc) .... ....... . . . :.. 
. . . . 

. . . - 
Room Surface Reflectance I0 % , . Luminafn . . . . . '  

88 . . ................................ ................ Celllng Manufacturer 

j .Walls above luminaire plane Catalog No. ................................. ......... ..... 
.To ( .Walls between luminaire 6 - F V e  ................ No. 8 Type lamps ... -2.. .................... / . work plane 3 / 9 0  Lumens/Lam~ ............................... .\. .Walls below work plane ....... ... 
2 d  ................. .Floor 

. 7 5  Light loss Factor .......................... .;. 
(LLD x LDD) 

. ' 

SELECTION 'OF COEFFICIENT OF UTILIZATION . ,' 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = I ,  8 ; Ceiling Cavity Ratio = ,5 ; Floor Cavity Ratio = . 8 . . 
2. Obtain effective ceiling cavity reflectances from Table 6; -= .7 2 
3. Ot!ain effective floor cavlty reflecrance (,,,,) from Table B;yr, = 19 . 
4. Find coefficient of utilization from published data (for ,,. -- 20%) C.U. =' 6 7 

I 

I I .  



- .- -- - - - - r r r  . a m  m - . O -  Y L  .*LI- . , 

. . 

For Usc with IES Zonal-Cavily Mdhod . . .  . . . .  
(See individual data shoctr on luminoiros for cocfliclanh Of ut- . . . . . 

. . 
GENERAL I l JFORMAT lON . ' . 

. . . .  . , 

' AD 
. 

company namo and addreu.. .. ;. .................. .ek%. .... '. . G . . .  .. ............ ..'.= ...... .: . 
. . 

. F I R S T  . # ' . T Q E M ~ ~ ? . . ~  . i -  -.: *.* "  .........-.a. . Area to be light rd..........:...............,........................ 
. . .  

' /oo ~ E S  ':.. Design level of illuminrtion. ......................... .(Wid) (mrlntrlned) . . 
. . .  . . 

Calculated by. ....... .'. .......... .Date. ........ .Checked by.. ................... -011.. . =. .. .... 
, /  . 

DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions , .. 
. . .  

2 2 
. . 

................ .Room Length wr.  
I '2 .Room Width ................ 

M. . . 

ZX..  .... .Height of room between luminaire h work plane (hrc) ..... 
..... !t-F. ; ..... '.Distance from luminaire plane to ceiling (hcc) . . .  

3 . . . . . . 
.Height of work plane above floor (hfc) . . . .  , . . , . _  ............... . . F.. 

. :- 
' . .  , 

go.. .Ceiling Manufacturer ...... .... ................................ 
............... .Walls above luminaire plane Catalog No. ................................. 
..... .8?. ...... .Walls between luminaire & No. & Type lamp8 ..... .A .'. !?fr',c?. ............ 

work plane 3 / 0 0  Lumens/Lrmp ............................... 
.Walls below work plane ............... ........... . Light loss Factor ........ rzz.. .;. 2 0 ....... , ........ .Floor (LLD x LDD) 

. . 
SELECTION 0.F COEFFICIENT OF UTILIZATION . , '  0 .  

1. Determine sovity ratio$ !,sing Table A or by formulr 

Rppm Cavity Ratio = 3 . 5  ; Ceiling Cavity Ratio =: 47 : ~ l k o r  cavity Ratio = I. 9 5  . . 
. . .  2. Obtain effective ceiling cavity reflectances (+) from Table 6; .73 

3. Ob!ain effective floor cavity reflectance (,,,) from Table = 2 h- 

4. Find coefficient of utilization from published data (for = 20%) C.U. =' 5r 
I 

I .. I 

FCor  C A N D L F S  . X  A d l A  No, & F  - - 
F I X 7 J R C  S L A M P S / F I # T J ~ C  



. . 
.. - - - - - -  - -  - - --. -. r r r . . r r - u - - m  m u o u  Y I  I , 

For Use wilh,lES ~ o n a l - ~ a v i l y  Method . . . . . 

(See individual data sheets on luminoircs for cocfficicnts of utilization) 

GENERAL IlJFORMATlON . . . 
. 

'. . . 

company name and addreu.. ....... .A C). .. /fC;&.G.. ...................................*.. .:. 
. / M E C J ~  R M - . '  Area to be lighted.. ............... , ............................................................ 

. . .  - .  20 Fc Design level of illumination. ......................... (m (maintained) . . . .  

Calculated by. ....... ; .......... .Date. .... ; ... .Checked by.. ................... .Date.. ........ : 
DESCRIPTIOFI OF AREA AND LUkllNAlRE 

. . 
Dimensions 

.&4. ; .Room Length .... . .... 
19 .Room Wtdth ............... 
.<, >7 .Height of room between luminaire 8 work plane (hrc) ..... ..... 
.(d. .Distance from luminaire plane to ceiling (hcc) . . ..... ..... 
3 . . .  .Height of wo.rk plane above floor (hfc) . . . . . .  ............... 

. . 
Room Surface Rcflectanc. I0 % '. Lumlnaln , . . , . ' . . 

r:. . . .  

................................ ..... .80 .. . .Ceiling Manufacturer 

.......... .) ... .Walls above luminaire plane Catalog No. ................................. 
............................ ... .Walls between luminaire 8 No. 8 Type lamps 2 - / ' Y O  

work plane LumensILamp ........ .&Q.q.. .............. 
.Walls below work plane 6 5  ....... ................. Light loss Factor .r.. ;. 

&.? .Floor .... .......... (LLD x LDD) 
. . . - 

SELECTION OF COEFFICIENT OF UTILIZATION . ,' 

'1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2.4 ; Ceiling Cavity Ratio = , 7 ; Floor Cavity Ratlo= 1 .  Y . . 
2. Obtain effective ceiling cavity reflectances (,,.,.) from Table 8; ,,= .70'  . . 

3, Obtain effective flnnr cavity reflectance (,.,.) from Toble 8; ly, = )S 
4. Find coefficient of utilization from published data (for ,,,. = 20%) C.U. =' 43 

I 



- - - - -  -- - r  . C I . 1 1 m - m  m u . -  YI  8 .  . 

For Usc wilh'iES Zone!-Cavity Method . . 

(See individual data sheets on luminoircs for cocfficiont8 of ~tillXAtlon) 

GENERAL I IJFORMATION . . . . . . . 
p p  ~ C D G  Company name and addram.. .. ;. .......................................... .. ................ 

/ E L K  / T E L  Room ........ Area to be lighted.. ..M Kq.9.. ..............................................,..... 
, . 

Design level of illumination.. .......I.... .24. ?G .... (maintain) 

Calculated by. ....... .'. .......... .Date. ........ .Checked by. .................... .Date. ,,....... 
DESCRIPTION OF AREA AND LUkllNAlRE 

Dimensionr . 

3 -  ,* .... .Y..@. ....... Room Length 

{f,&t. .Room Width *... ..... -=--I-- -- 
hfc .I . 

3:#.3:. .Height of room between luminaire h work plane (hrc) .....:. .., 
...... .6:T.. ... .Distance from lurninaire plane to ceiling (hco) . . . .  

.3 . .  .Height of work plane above floor (hfc) . . . . . .  . . .  ...... .... . . 
... . . 

. . . .  . . 
Room Surface Reflsetmc. tn % ' Luminrlro . ' .  . . 

. . .  

.... ...... .bO. .Ceiling Manufacturw ................................ 
.Walls above luminaire plane .............. ....... ......................... C ... ...... 

Catalog No. 

..... 
;. 

.............. .T..9. .Walls between luminaire 8, No. L Type lamps .&. .[:Y$?. 
work plane 

LumensILamp ....... .-?!Q.?. ................. - .............. .Walls below work plane 
Light loss Factor ....... r .43.. ............... .'. ....... ...... ,2.? F !tor (LLD x LDD) 

SELECTION OF COEFFlClEtJT OF UTILIZATION . , '  

1. Determine cavity ratios using Table A or by formula 

R O Q ~  Cavity Ratio = /, / ; Ceiling Cavity Ratio r 0, 3 ; Floor Cavity Ratio = .O , G 
, . 

. . .  2. Obtain effective ceiiing cavity reflectances from Table 8; -= 7 5  
3. OStain effective floor cavity reflectance (/,I,) from Table B; = 19 

4. Find coefficient of ulilizatior, from published data (for ,,,. --- 20%) C.U. =' , 7 C  

No, O F  - ~ c o r  C A N D L I S  x AerA - 
F I A T d R E S  L . ~ M P S / F I S T J R C  J( L I I M E ~ O  / - ~ p  



,, ,;: ' : . :  ; . . . .  , ,.,.. .!: . . 
. ., . 

. . .  . . . .  
I .  . ' .  1 _ . . . .  . ,. 

. . . . . - - - - -  -. - 0  ---urn-• ~ Y I U  - 8  m L . . L I  , 

. . .  . . . . . . For Uso with .IES Zond-Cevify Melhod . . . . . . 
. . 

. .  (See individual data sheet8 on-luminaires for C00fficicnt8 of utlliution). :.:. . :  . . 

' GENERAL liJf ORMATION . ' ' . . . .  . . .  . . 
'A'o, . OLDG' . . .  . Company name and addnu. .  , , . , , , ........... ;. :;.. ........ , ,.. ....... ,.. .... . . ...................... 

" Calculated by., ....... (. .......... .Date.. ....... .Checked by.. ..................... .08tm. ......... 
. . . . 

D'ESCRlPTlON OF AREA AND LUMINAIRL. 
, , 

: , 
Dirnc&imy , '  . 

. . . . 
. . 

. . . . .  a La- / o 3 .G. ~ o o m  ~ingth .....; ...... . . . .  

.... .a 6. ...... .Room width ------ 

..... ... . . .'G.lSr.. .Height of room between luminaire & work plane (hrc) 

...... .5: ..'.... ; ~isiance'trom luminaire plane to ceiling (hcc) . . 

.3 . .  .Height of work plane above floor (hfc) ..:.. ..:.. . ,  , ' .  :._ .... 
. . 

. . . . . .  : . , Room Surhee ~'oflosta- 10 % Lurnlndm 

...... . . .  .Z?. : ...;.. .cellin# Manufacturer .'. ........................ 
............... 

. . .................................. .Walls above luminaire plane Catalog No. 
XQ. :.... ; .. Walls,between luminaire~h 2 - F L j D  .... No. 8 Type lamps ............................ 

work plane 
. . . . LumensILamp .... - 3  l.q.4.. ................. : ; .walls .below work plane .... ..... ...:... 7 5  ....... .................. 2 0 

Light loss Factor t .;. noor ................... . . (LLD x LDD) 
. - 

SELECTfON.,OF COEFFICIENT OF UTILIZATION . , ' - .. 

1. Determine cavity ratios using Table A or by formula 

Room ~av i t~ :Ra t ip  = 2 ; Ceiling Cavity Ratio = , IC ; Floor Cavity Ratio = , 9 . , 

' 2. .Obtain effec'live ceiling cavity. reflectances .(,,,,.) from Table 8; -= .G 7 . . 
3. Ob!ain effective floor cavity reflectance (,,,,) from Table B; a, = 1 9 
4. Find coefficient of utilizrlion from published data (for prc ---- 20%) C.U. =' L 7 

I 



-, , - - . l . - r - - . m  m u . . .  Y,I I b L i l  , . . .  

For Usc with IES Zonal-Cavity Method. 
. . .  

. ' (See individual data sheets on lumin~ires for coefficients of uti l lution) . . 

. . . .  
GENERAL IlJFORMATlON , ' .  . . - 

. . 
A D  ~ L D G , '  Company name and address.. .. ;. ................................................................ 

Area to be lighted.. ............ . ~ ~ k ~ 6 . ~ . ~ . . - . ~ . . / ~ ? f ~ . < . ? ! ~ ~ .  ........................... 
Design level of illumination. .............. .a O. .fS .. .(* (malnlrlned) . . .  

. . . . 

Calculated by. ....... .' .......... .Date. ........ .Checked by.. .............. ; .... .Date... ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

Dimensions 
. . 

76  .Room Length . . 
20' ................ W I .  

V 4  .Room Wtdth ................ 
hfc 

.'63#.~. .Height of room between luminaire 8 work plane (hrc) ..... .... 
2 ,>- ................ .,.Distance from luminaire plane to ceiling (hcc) ' . . .  

. . . . . . .  . . ........ .Lk. .  ... .Height of work plane above floor (hfc) . .  

. . 
. . .  

Room Surface Reflcehncm In % . . .  Luminrlra . . . .  
. . 

..... -33. ..... .Ceiling Manufacturer ................................ 

............... .Walls above luminaire plane ................................. / Pod' Catalog No. 
As!. . .Walls between luminaire S ..... ... No. 8 Type lamps.. ... .!??.!x... . &c4.. ..... 

work plane /6  so 0 ............................... Lumens/Lamp 
.Walls below work plane .............. . Light loss Factor , ..... .c W!. .............. ;. 

(LLD x LDD) ...... ..... A 0, .Floor 

SELECTION OF COEFFlClENT OF UTILIZATION . , '  

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ralio = 2 .  3 ; Ceiling Cavity Ratio = . , w r  ; Floor Cavity Ratio = . . 
2. Obtain effective ceiling cavity reflectances (,.,.) from Table 8; p,= .+3 .. . 

3, Ob!ain effective flanr cavity reflectance (,,,,) from Tablo 8: = / 7 
4. Find coefficient of utilization from published data (for,,,. -- 20%) C.U. =' .6 2 

I ' .  

NO. O F  - FCor  C U F ~ D L ~ S  % A P I A  - 
F I J C ~ L J R P  S L A M P J / F ~ ~ . ~ J ~ C  

! 



For Use with IES Zonal-C8vity.hbthOd . . . . 
. .  

(See individual data shocts on luminaires for cocfficiant8 of ~tilkat~on) 
. . 

GENERAL Il\IFORMATION . ' . . . . . 
0 .  . . . I  

. 
. . .. Company name and addreu.. ;. .................................................................. . . 

Area to be l i p h M .  .. ....... :. : .&&. :. :L.&*. q?. ....... .. ............ .,. ...: 
. . .  . . . . 

, . 
Design level of illumination.. ....... ; .... .??? . &. .. .fhithrI) (malntalnmd) , .{ . ; . . 

Calculated by.. ...... .'. ........... .Date. ........ ,Checked by.. ..... ;. ............ .Date.. ......., 
. . . . 

DESCRIPTION OF AREA AND LUkllNAlRE 
. . 

Dimensions 

33 
. . 

.Room Length ................ 
,; J 

. . 
. . I .v, ...... .Room Width ...... 

htr a ,$  ......'.. d. .  .... .Heighl of room between luminaire 6 work plane (hrc) 
/, >- .Distance from luminaire plane to ceiling (hcc) ............... 

. . . . .  . . . . - .  
. . . . .  ;:. ; ............... .Height of work plane above floor (hfc) . . . . . . : . . .  .. .. . 

. . .  . . . . . . .  . . 
Room Surface Reflaetanee I R  % . ' Luminrira ' . . . . . ' . . ' .  . . . . .  . . 

. . . .  - .  . . 

...... .$!? ...... C e i l i n ~  Manufacturer ................................ 
F .......... .!. ... .Walls above luminaire plane Catalog No. ................................. 

t - 2  <.: n .,. .Walls between luminaire & ..... ... ... 'NO. 8 ~ y p e  lamps .. .? : .e.'f?. ................. - .  
/ work plane 
I .  LumenskLamp ............................... 3 100 
.?, .wi l l s  below work plane ........ ... ,72 Light loss Factor ............................. .... .;;?'; ? .,....... .floor (LLD x LDb) 

SELECTION OF COEFFICIENT OF. UTILIZATION . ,' 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 . 4  ; Ceiling Cavity Ratio = ,7 ; Floor Cavity Ratto = 1 1  1 
. . 

. . .  2. Obtain effective ceiling cavity reflectances from Table B; p,= 70 

3. Ob!ain effective floor cavity reflectance (,,,,) from Table 6; ,, = I 6' 
4. Find coefficient of utilization from published data (for r,u - 20%) C.U. =' 4 LI 

1 

I L 



. . . .  . .  . . . . .. ' . 

ILLLCMIIUA~~ON CALCULATION SHEET : : . . ' .  

For Usc with IES zonal-cavity Method .. . . 
. . 

%. , 

' (See individual data sheets on lumin~ i rc r  for ;oofficion!* Of utlllz'atlon) . . . . Y . . . . .  GENERA,L IlJFORMATlON ' . ' ' . . . . . 
. . 

. ~ L D G .  ... . Company name and addrem. ; ............... , , . , , .. , , .. , , ..................... , ........... 
. . 

t o ~ ~ p ~ r t - n  ' DOM Area to b e l i g h t d  ............ ...................................... ........................... 
. . 

Design level of illumination. .... , ......... .70. .fC. .. ;'(Initial) (maintalneid) . . . ' . . .  . . 

Calculated by. .................. .Date. ......... .Checked by.'. ..... ; ............. .Onto. ......... 
DESCRIPTION OF AREA AND LUMlNAlRE 

..... ..?? ....... Room Length 

..... ;3./. ...... .Room Width . 
I h k  2t .Y 6 .Height of room between luminaire &.work plane (hrc) ............... A .  

- 
...... .!*.?. .... .Distance from luminaire plane to ceiling (hcc) 

2 .s .Height of work plane above floor (hfc) .. ............... 
Room Surface Reflectance tn ?e Lumlnrlro 

u90 . Manufacturer .??.0.4?~. .<'.%??? 2.. ............... .Ceiling . ..... ...... 
....... .; ...... .Walls above luminaire  lane Catalog NO. ..... .G ?: .?.! !? .-: f.4 >:.. ........ 
.. . ? .  .( :..... .Walls between luminaire 8 No. 8 Typa lamps ..... A*.'. f.??. ................ ) work plane , 3 / 0 0  LumensILztmp ............................... 

L.. .Walls below work plane ........ ... .7r .............................. Light loss Factor ... .:?.?. .......... .Floor (LLD x LDD) 
. - 

SELECTION OF COEFFICIENT O'F UTILIZATION . . 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = r .S ; Ceiling Cavity Ratio = . 3 ; Floor Cavity Ratio = , 6 

2. Obtain effective ceiling cavity reflectances (,),,.) frorn Table G; 7 4 . . 

3. Obtain effective floor cavity reflectance (,,,,) from Table B;P'r = 19 
4. Find coefficient of utilization from published data (for ,,,, --- 20%) C.U. =' , ,7/ 

No. a i  . - FOOT C H N D L C S  x AerA - 
p 1 ~ 7 3 R O  S L A M P S / F I # ~ ~ J R C  )( LUMENS /UHP 3 CIJ I L l -F  



. . .  
I . . .  

ILLUMIIUATlaN CALCULATI~N SHERT . " . '. 

For Use with IES 'Zonal-Cavity Method ' 

(See individual data sheets on luminaires for cooffioicnts of ulilirallon)'~, . ' 

' ' 

GENERAL IIJFOR'MATION , 
. . - 

. . . . .  

R-.' BcDG ~ompanynameandaddress .................................................................... 
Area to be lighted .......................................................... 

30- Design level of illumination. ........................ :.(Mid) (maintalnod) 

........ ........ Calculated by. .................. .Date. .Checked by. .................... .Data.. 

DESCRlPTlON OF AREA AND LUMlNAlRE 

Dimensions 

'f ,'C hm ............... .Room Length W.?. 

-3. I . .  .Room Width ..... ..... 
G ' 

htr 2. f ................ .Height of room between luminaire 8 work plane (hrc)' 

.!I?:. .Distance from luminaire plane to ceiling (hcc) .... ...... 
2 ,  .' .Height of work'plane above floor (hfc) ............... 

Room Surface Reflactrnco ~n 9)o Lumineirm . 

yn ..... ,. ........ .Ceiling Manufacturer .... A. !d . ........:....... I.. 
/- 

.......... : .... .Walls above luminaire plane Catalog No. ....... .G/? .; .%9.q. -7.59 X.. ..... 1 

. . . .  ...... ............. ... .5*. 5; .Walls between luminaire.& No. 8 Type lamps .%. !?YQ.. I 
i work plane 3/0 ............................... Lumens/Lamp 
; ;-;. .Walls below work plane ......... . . .  . Light loss Factor ...... A?X.. ................ ......... .... .% .L! .Floor (LLD x LDD) 

SELECTION OF COEFFICIENT OF UTlLlZAf ION 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = 2 . 0  ; Ceiling Cavity Ratio = ,5 . ; Floor Cavity Ratio = , 8 
2. Obtain effective ceiling cavity reflectances from Table B; b. = . ,7 z 
3. Obtain effective floor cavity reflectance (,,,,) from Table 6; ,,, = I Y 
4. Find coefficient of utilization from published data (forrrv ---- 20%) C.U. =' L 7 

NO. b f  - FCOr C H N ~ L ~ $  % A e r A  
A 

P I X T O R  E 5 L 4 m P ~ / ~ ~ ~ ~ ~ ~ ~  L U M C ~ ~ / ~ ~ P  X CLI X L L F  



, .  -- - - r r - p ~ - m  D Y D Y  UI a h -  11 ........... .. 
For Usc wilh IES Zonal-Cavity Method - ;  . ; ' . .  . . . . 

. . .  

i 
(See individual data sheets on luminoircs for cocflicionts of IJtiliutidn) . 

' 

GENERAL IIJFORMATION . . . . . .  

. , 

'Company nameandaddress .... ;.... 
.+rea to be lighted ............. :..~I~!&:...S~~G.VIFI.T;~...AE~~.~? ............. ...;.........' ;,' 

. . 

Designlevel of illumination. ........... .?* . f(, .... .(Initial) (maintained) ; .  
. . .  . . 

Calculated by. ....... .' .......... .Date. ........ .Checked by.. ................... .ofit@. ......... 
. . 

D'ES.CRIPTION OF AREA AND LUkllNAlRE . . 

Dimensionr 
. . / 3 

7 4  Room Length ................. 
C. 

. A  6 .  .Room Width .... ..... 
hfc 

6. .Height of room between luminaire 8 work plane (hlc) ......:. ...... 
!! .Distance from luminaire plane to ceiling (hcc) ..... :..... . . . .  

. . 
. . .  Lt.5:. .Height of work plane above floor (hfc) . . . . . .  .... ..... ..... . . 

Room Surface Reflectance 10 % 

...... .$.9. ..... Ceilina 

. . . . , .  . 

. . . .  Luminrln 

Manufacturer ................................ - 
/ 

.i. ,Walls above luminaire plane ......... .... Catalog No. ............................... ;. . 
..... So. ...... .Walls between luminaire B No. 8 ~ y p e  lamps ..... ?;'.t??. ............... j .  work plane LumensILamp ...... .3!P.?. .................. 
........ L.. .. .Walls below work plane 7 5  Liqht loss Factor ..... r . .  ................... .;. 

20 .Floor (LLD x LDD) ................. 
. 

SELECTION OF COEFFICIENT OF UTILIZATION . ,' 

1. Determine cavity ratios using Table A or by formula 

Room Cavity Ratio = i .  3 ; Ceiling Cavity Ratio = , 3 : Floor Cavity Ratio . = . , ,5 
2. Oktain effective ceiling cavity reflectances (,,.) from Table 8; p. = .75- . . 
3. Ob!ain effective floor cavity reflectance (,,,,) from Table E;,,,, = / 9 
4. Find coefficient of utilization from published data (forrr,. -- 20%) C.U. =' ,7 3 

t 

I I I 

No. 6 . f  - icor C A F I D L ~ S  x AerA - 
~ 1 & 7 0 f t €  5 L A M P J / F I ~ ~ T J R C  2( ~ . J M E M S  / !AMP ' f i  c o  8 \ , : .  LLF 

!. 





. . 
For Use with IES Zonol-Cavlly Method. , 

(See Individual data sheets on luminaires for docfficicnts of ulil l~8tion) ' . 

GENERAL IiJFORMATlON . " , . 
Company nameandaddress ..................................................................... 
Area to be lighted. ......... .~!?.@.c!?P.??. g. ................................................. 

. . ...,.......... ..... . Design level of illumination. .1;9. ; (&.tist) (maintalned) 

.................. ........ ................... ........ Calculated by. .Date. .Checked by.. .Date.. 

I ' . DESCRIPTION OF AREA AND LUMlNAlRE 

I .  ~imen;ionr 
hrs 2 3 3 0  

270 ................ .Room Langth W.P. 

... ..:.... .?x. .Room Width 

. . . . . . .  .As.. .... .Height of room between luminaire &.work plane (hrc) 

/. .Distance from luminaire plane to ceiling (hcc) ....... ...... 
/; . I . .  .Height of work plane above floor (hfc) ...... .... 

doom Surface Reflectance lo  70 Luminaira 

....... .:.. I :icC .Ceiling Manufacturer ................................ 
! ................................. ...... ........ ; .Walls above luminaire plane ' 9 k G  Catalog No. 

A-.q. -5;. .Walls between luminaire B No. 8 Type lamps ............................ /s-0 w u p s  .. . . . . .  
work plane / .  . LumensILamp ...................:............ /& 00 0 

.+. .Walls below work plane P I  ....... ..... Light loss Factor .............................. 
(LLD x LDD) .... f .3. . , ...... .Floor 

. . 
SELECTION OF COEFFICIENT OF UTILIZATION 

1. Determine cavity ratios using Table A or by formula 
I 

I Room Cavity Ratio = 1 ; Ceiling Cavity Ratio = ,08 ; Floor Caviiy Ratio = . 5 

2. Obtain effective ceiling cavity reflectances (,,,,.) from Table 6; p,. = 9 9 
3. Obtain effective floor cavity reflectance (,,,,.) from Table 8; prr = /9 
4. Find coefficient of utilization from published data (for ,,,, r- 20%) C.U. =' , 5-3- 



TRU Waste Surface Facility Time and Motion Analysis 



WIPP - TRU WASTE SURFACE FACILITY TIME AND MOTION ANALYSIS 

The analysis of material handling in the TRU Waste Facility was 
conducted and discussed over an extended period of time'stretching 
from July to December of 1976. During that period of time, a 
number of TRU facility configurations were developed and considered. 
The final design concept resulted from this extended evolutionary 
process. As a record of the e'volution, attached are several 
pertinent documents relating to the time.and motion study for 
the facility. 

Item I is letter H&N-023 discussing utilization factors for work 
areas within the building. The results of this portion of the 
work were the decisions that both truck and railcars should be 
handled simultaneously, that two overhead cranes should be used, 
and that separate truck and railcar airlocks should be provided; 

Item I1 is a draft discussion, with comments on laydown space 
utilization within the facility. Item I11 is a partial revision 
to Item 11. 



I ITEM 1 
- ' . p i  . 

. . 
August 20, 1976 ,. bccr brJ .  Duncan 

. . 
Ii&N-023 . Die tribution 

K. R. Brown 
' File 

. . 
Mr. Jamcs  L. As11 
Fcnix & Scisson,, Inc. . . 

P. 0. Dox 15609 . . - 
. . 

Tulsa, Oklahoma 74 1 15 

Dcar Jim: 

Attached for  rcvicw and comment is a Matcrial  Handling Time and 
Sequencing Analysis fo r  thc TRU Waste Handling Facility. The . . 

analysis is based on the mos t  c u r r e n t  ma te r i a l  flow requirements  
' and presents  a m a t r i s  of resul t s  based on the various'coinbinations . . 

of wastc shipxncnts which may be received at the sitc. Section I i s  
a gurnmsry of the various package configurations to be handled. . . 

. Scction I1 is the basis  for the p rocess  flow and Scction I11 presen t s  1 
. . thc atialysis and rcsults .  

Bascd on the analysis  rcsults ,  a s  shown in-the attached, a number 
of rcconlmendations regarding facility dcsign may  be made. , Tbcsc  
arc: 

1. A m i n i m u n ~  of three  single r a i l ca r  movcrs  will  probably LC . 
rcquircd f o r  the facility. One of tllc three, o r  a scpa ra tc  vchiclc, 
will havc to bc sized to handlc multiplc c a r s  f ronl  s i t c  cntratrcc to 
s toragc yard and l>aclc. Two x-novcre will  support  movement of 
TRU wastcs, onc will  support; RH wsstc  operations. 

2. A minimu111 of two ra i l ca r  unloading stations a r c  requircd. A 
third s t a t io~ t  :nay bc required, clcpcnding upon clccisions on 
such things AS  a si :pi~l . i~ lc  car l id , rcmoval  arca .  

3. Two ovorhcad e rancs  ~ l ~ o u l d  bc \wed in tho TRU Wasto building 
for c a r  unloading. 
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4. Two truck stat ions are rcquircd. One may be a combination truck 
and ra i l ca r  station. Fur t t lc r  dcvelopmcnt of the. s i t e  a r r a n g e m e n t  
and building configuration will aid in tho dccisian , . on f inal  configuia- 
tion. 

5.,.. Consideration should bc givcn to a combination lid removal,  
' 

. 
' 

container s to rage  and sort ing station in the facility ya rd  arca .  
Rai lcars  and t rucks  which have becn unloadod i n  the TRU building , . . . 

\ would be utillzcd tcr trans p u r l  L ' I I I ~ L Y  ~"11thi8i~l.d Iron> the building 
ra the r  than requir ing €hair iinincdiare iemoval (cmpty) and submcqueht 
r e tu rn  to be, loaded. Containers would be ato:kpiled in thc s to rage  . , . ' 

a r c a  on pads' until such t ime ae a ~ c h i c l c  was available to t r anspor t  
them offsi t t  to thc i r  point of origin. 

C1 . , 

Review of the analys is  will  show colrsiderablo reduction in  station (add 
thercforc equipment) utilization if containers  .could be rcturncd tb any  

- - . - 
acndcr Based on c u r r e n t  c r i t e r i a  requiring rc tu rn  of containers  to  
point of origin theso reductions will  not be realized. Usc  of a n  outaide . . 

station would'minimize the utilization of building stations resulting in a 
m o r e  cfficicnt facility. Use of such a s tat ion would a l s o  reduce the 
in ter ior  s torage space  rcquired for  empty containers which a r e  waiting 
f o r  a vehiclc to t r anspor t  them home. 

Review of thc attacllcd will  bc appreciated and will aid in decisions 
regarding configuration of tllc s i te  and TRU wastc handling system. In 
o r d c r  to bc m o s t  eMccti& the corm~lcnts  should be received by September 
3. If questions a r i s e ,  plcasc l e t  m e  know. : , 

Very truly yours ,  

HOLMES & NARVER, INC. 

Kcnt R. Drown . 

Attach. 

cc: L. Scully, Sandia Labs. (w/2 a t k c h s .  ) 
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WIPP PROJECT 

CONTACT HANDLING WASTE FACILITY 

I. PACKAGE SPECIFICATIONS 

* U P  = Unprocessed Waste 
P = Processed  Waste 
C = Mark  3 Container Holding Undrummed Waste 

t 

I t em 

Super t iger  Container 

Ca rgo  Container 

Rocky F l a t s  F iberg lassed  Box 

Overpack Fiberg lassed  Box 

M a r k  3 Container 

55 Sal lon  Druni, DOT-17C 

83 Gallon Overpack Drum,-DOT- 17C 

Symbol 

S T  

CC 

' R F  

OB ' -  

M3 

5 5D 

8 3D 

Dimensions, Ft .  

Length 

2 0 

20 

7 '  

: 8 

5 

+ 
Maximum Weight, Lbs. 

G r o s s  

UP::: 44,300 

P 46,700 

U P  44,000 
P 43,700 

10,000 

11,000 

U P  6,000 

P 8,000 

C 10,000 

'UP 650 

P 900 

U P  750 

P 1,000 

Tz  r e  

17,000 

17,000 

5,000 
5,000 

1,000 

750 

750 

750 

4 100 

< 100 

100 

100 

Width 

8 

8 

4 

5 

4 
. . 

Height 

8 

8 

4 

5 

6 '  



. . 
11. BASIS FOR PROCESS FLOW 

1. ~ 1 1  a r e  al ternat ive average maxima p c r  8-hour shif t  unlcss 
othcrwisc noted. That i s ,  thc quailtity flows between o r  through stations 
for  thc different paclcagcs a r e  not additive; thcy a r e  al ternat ive possibilities. 
The quantities a r e  daily averages  based on a stated annual throughput and 
do not reprcscnt  the maxima which could occur due to nonuniform frequency 
of shipments during a week o r  longer period of time. These su rges  could 
bc levclized by holding the ar r iv ing vehicles f o r  unloading a t  a l a t e r  time. 

2. Work will be performed during only one 8-hour shift  p e r  day, 5 days pe r  
week. 

3, Four 55I) o r  83U d r u m s  p e r  pallst. 

4. Truck shipments a r e  by flatbed truck, only. A flatbed truck c a r r i e s  only 
one ST. No other  type of package is shipped by truck. 

5. A Supertiger. can contain u p  to 33 drums of processed waste (29,700 lbs. 
maximum payload) o r  up to 42 drums of unprocessed waste (27,300 lbs. 
maximum payload). 

6.  A r a i l  f la tcar  can c a r r y  up to three  STs. N o  other  type of package i s  
shipped by ra i l  f latcar .  Each S T  can contain the s a m e  payloads .as in  
Item 5. 

7 .  An ATMX ra i l ca r  can contain three types of packages in  combination , 
o r  a s  single-package type shipments. The maximum nLmber of p c k a g e s  
fo r  single-package type shipments are :  

24 R F  Boxes 

2 Cargo Containers 

20 Mark 3 Bins 

8. R F  boxes are never unpacked. However, they may  be damaged. Minor 
damage requires repai r  and major damage o r  external  col~taznination 
requires ov&rpack. 

9 .  Cargo containers hold up to 60 55D of unprocessed wastc  (39,000 lbs. . 
mnsimum payload) o r  up to 43 55D of processed waste (38,700 1Ls. 
maximum payload). 



10. M a r t  ) bins hold up to 8 55-gallon d r k i  each: ~ M a x i r n ~ r n " ~ i ~ l o ~ d s  
. 

arc: . . . . . 

Unprocessc4 wastc 5,200 lbs: 

Processed waste 7,200 lbs. . , {. . 

Mark 3s containing undrummed waste o r  contaminated drums and soi l  
a r c  not unpacked. However, they may ' requi re  minor  repai r  o r  ovfrpack. 

.. . ~ .  

On the average, 1,300 55D drums per  week will be received. These . .. 
c'ould bc received by any combination ( o r  single type shipment) of the 
following possible shipment types: . . 

- 
a. Flatbed truck [l -ST (33-55D-P, 4 2 - 5 5 ~ - U P ) ]  - .  . 

b. Fla tcar  13-ST (99-55D-P, 126-55~-UP)]  

d. ATMX [ ~ O - A A ~  (160-5533-P o r  UP)] , 

I 

13. Based on 1te'm 12, the average number .of d rums  p e r  day.is 260 (32.5 , . , .. 
dr-s/hr. ), and the average maximum number (as'suming containers  ' . 

. . 
and 'vehicles a r e  loaded to capacity) of containers and vehicles p e r  day 

. and per  hour for  each shipment type is a s  . . follows: . . .. . , . 

Container and Vehicle Flow Rates (Average) . . 

- 3 -  

C ontainc r s P e r  

Day . 

6.2 

7.9 

6.3 

7.9 

4.4 

6.0 

32 

Vehicles P e r  

Hour 

0.8 

1.0 

0.8 

1.0 

0.6 

0.7 

4 

Day 

6.2 

7.9 

2.1 

2.6 

2.2 

3.0 

1.6 

Shipment Typc 

Hour 

0.8 

1.0 

0. 3 

. O .  3 

0.3 

0.4 

0.2 . 

Waste . 

U P  

P 

UP 

P 

U P  

P 

P/UP 

. . 

Vchiclc 

Flatbcd 

Flatbed 

Flatciir 

Flatcar  

ATMX 

ATMX 

AThtX 

1 

Container 

, ST 

ST 

ST . 

ST 

CC 

CC 

M3 

. , 



14. Since vchiclce arrivc aa discrete units, the next highcr whole numbcr of 
vehicles is qecd as the flow basis,  Thur, thc daily and hourly flow ratca 
for vebiclem, containers, and drums ir r r  follows: 

b o i c  Flow Rater 

(Maximum Average Alternatives) 



111. TIME AND SEQUENCING ANALYSXS 

1. SPOT AND REMOVE VEHICLES. 

1.1 Requirements 

The maximum number of r a i l ca r s  appears  t o  be 4 p e r  day 
(3 f o r  drums,  1 for  R F  boxes once pe r  week; contaminated 
M3s a r e  assumed to be included with d r u m s  01 RFs).  The 
ra i l ca r  mus t  be spotted, the containers removed f r o m  the . 

c a r ,  and the c a r  removed f r o m  its unloading station to wait  
f o r  the containers to be unloaded. (Containers m u s t  be 
returned to the sender on the s a m e  c a r  a s  received. )* When 
the containers a r e  available, the c a r  i s  respotted, the 
containers loaded on the c a r ,  and the c a r  moved to the ya rd  
to await pickup by a Santa F e  engine. Thus, there could be 
7 spotting cycles per  day. ( C a r s  carrying R F  boxes o r  
contaminated M3s will not need to be respotted since R F s  
or  these M3s a r e  not returned to the sender. ) 

" If a l l  drums a r e  received in STs  on flatbed trucks,  a maximum 
of 8 trucks could be received in a day. Arriving t rucks  would 
go to the truck parking a r e a  to wait  fo r  an available t ruck 
unloading station. When a station i s  available, the truck moves  
to the station, the ST is removed, and the t ruck re turns  to the 
parking a r e a  to wait f o r  the ST to  be unloaded. (The s a m e  
truck/ST combination a s  received m u s t  be re tarned to the 
sender. )* When the S T  is available, the truck is respotted, 
the S T  loaded on the flatbed, and the truck re turns  to the 
sender. (TruckIST combinations should be given pr ior i ty  , 

t reatment since the'truck and dr iver  a r e  unproductive during 
unloading of the ST and while waiting fo r  a t ruck unloading 
station. ) To handle the maximum daily t ruck a r r i v a l s  will  
require 16 truck spotting cycles. 

1.2 Time Est imates  

a. Move c a r  f rom holding yard  to unloading station and spot. 
Minimum distance approsimately 2, loo ' ,  maximum 
distance approximately 5, 500i, average distance 
approsimately 3,800'. . 

* Requircnlcnt modificd August 4 ,  1976 - Analysis retained f o r  continuity 
and future refcrcncc. Assumption is now that a l l  containers, etc . ,  
rcturn to point of origin but may bc shippcd on a different vehicle. 



Avcragc  t r ave l  t imc  a t  3 mph  (260 f t l m i n )  14.5 m i n  

Hookup a.nd s t a r t  moving 4 m i n  

Slow, en t e r  building, stop, unhook - . 5 . 5  m i n  

T i m e  Required 24 m i n  

(These  t imes  a s s  urne that rail switches and building door s  
a r e  control led such  that the r a i l c a r  never  wai t s  f o r  these  
act ions . ) 

b. Remove ATMX c a r  l ids  (3  p e r  c a r )  

Sandia es t ima te  25  min 

c. Unload c a r g o  conta iners  f r o m  ATMX 

Sandia es t imate ,  25 rnin each  
(Includes r e m o v a l  of b r a c e s  and  shar ing)  50 m i n  

(Assume M3s  unloaded in groups of .four). T h e r e  will  be, 
5 l i f t s  made.  B r a c e s  and shoring 'wil l  need to be . 

removed only once. A s s u m e  20 'minutes  p e r  l i f t  
. . 

cycle. '  

T i m e  Required 100 min  . 
i 

e. Replace ATMX lids 

Lid r e s t r a i n t s  and  b races  a r e  not rep laced  on 
' empty c a r s  waiting for  reloading with C C s  o r  
M3s. Res t r a in t s  a r e  replaced on c a r s  r eady  
f o r  r e t u r n  to  s ende r  ( those that  c a r r i e d  R F s  o r  
contaminated M3s).  Assume  rep lacement  of l i d s  
and l id  r e s t r a in t s  r equ i r e s  s a m e  t ime as r emova l  
(i. e. , 25 min. ). Assume 10 min. requi red  f o r  
l id r e s t r a in t s .  Assume  15 min. f o r  braces .  

T i m e  Required: 

Empty c a r s  to be re turned  4 0  min  

Rcloadcd . ca r s  to be rc turncd  25 min  

Empty c a r s  to hold a r e a  . 15 rnin 



. . 
. . . . 

.. , 

. . 
. . . . f. Unload ST6 (3) f r o m  f la tcar  .. . I ,  r . , ! . 

. . . .  Remove ST ticdowns (4 p e r  ST) i0.' m i n  

Engage crane  sling (4 points) 5 min  

Lif t  and move to laydown a r e a  

. . (80 f t  ave. a t  40 fpm) 2 rnin 

. . 
disengage c rane  sling 5 mid 

. . Return crane  f o r  next S T  ' 2  min 

Repeat lift  cycle f o r  2nd ST 14 min  

Engage crane  to 3rd S T  . . - 5 m i n  

Lif t  3r'd ST f r e e  of f la tcar  , 1 min  - 
. . . Time f r o m  spot  c a r  to c a r  ready to 

move out 44 m i n  

. . . .  . 
. . g. Unload R F  boxes f r o m  ATMX (24 boxes 

. . p e r  ATMX, lifted 4 a t  a time. ~ n c l u d e s  . . 

. removal  of braces  and shoring). 
. . 

. . 
Remove shoring ( f i r s t  4; others  removed 

I ' 

. '  l 
: '  . ,..-- . while preceding boxes removed. ) 

. . . .  
20 rnin 

. . . .. 
I - 

\ 'J . ; 
:?! . Lift 4 boxes, move to laydown, and re turn  a - 

. d 16 min  

80 rnin - 
1 6  rnin 

, . . .,, 

h. . Move c a r  f rom unloading station to 
holding yard . 24 m i n  

7 , 
i. Removc ATMX l id f r o m  reload . 15 min  

j; Reload cargo containers on ATMX and 
replace braces ( same  a s  unload) 50 rnin 



Rcload M3s on ATMX 

Load in groups of 4. Assume 20 minutes 
per  lift  cyclc 

Reload STs  on f l a t ca r  

Engage c rane  to ST, move to f latcar ,  
disc ngagc crane ,  and move to next S T  
(perform twice) 

Engage 3rd ST, load and disengage 

Replace t ie  downs 

Time to reload 

Move truck f r o m  parking a r e a  to 
unloading station and spot. 

T rave l  distance, approximately 
400' including turnaround and back 
in  to station. 

Trave l  t ime a t  1 mph average (87 f t /min  

Turning and spotting 

Unload S T  f r o m  flatbed 

Kemove ST' fiedowns (4 p e r  ST) 

Engage crane  sling (4 points) 

Lift  ST f r e e  of flatbed 

Move truck out of unloading station 

qospot  truck fo r  Ipading 

Load ST on flatbcd 

Engage crane  sling (4  points) 

100 rnin 

28 rnin 

12 rnin 

10 rnin 

40  min  

4 . 5  rnin 

' - 1.5  min  

6 .0  k i n  

. . . . 
. . - .._ 4.:. .. - . 3  

' ; -1 ,' * 
18 min. 

5 rnin 

1 rnin - 
16 rnin 

4 '  min 

6 rnin 

5 min 



. . 

Move S T  and p lace  on flatbcd 

Disengagc c r a n e  s l ing 

Replace t ic  downs 

2 m i n  

5 rnin 

10 min - 
22 m i n  

1.3 A s u m m a r y  f o r  Vehicle UnloadingIReloading Cycle t imes  
is presented  in  Table 1.3. 

1.4 Shipment Scenar ios  . . 

. . 
, .( . . . .. , '-I. i . . - . i 

The usage of the r a i l c a r  unloading station. can  b e  de t= rmined  . . 
f r o m  Table 1. 3 f o r  var ious  ~ h i ~ m e n t ' s c e ~ a r i o ~ : '  , ~ d . r  example, 
(assuming u s e  of only one r a i l c a r  p r i m e  mover) :  

a. If all d r u m s  a r e  received i n  CCs  i n  ATMX c a r s ,  3 c a r s  
p e r  day a r e  required. In addition, the weekly ATMX . 
containing R F s  could a r r i v e  on  the s a m e  day. The  
unloading station t ime requi red  would be: 

- 82 8 3 ATMX (CC) = 276 X 3 - 

1 ATMX ( R F )  = 229 X 1 - .  - 229 - - . . 

Since, with two 10-minute r e s t  per iods,  t he re  a r e  
460 minutes  i n  a n  8-hour day, this  r equ i r e s  2.3 stat ion 
days. Thus,  .two stat ions would fa l l  2.4 hours  s h o r t  of 
handling this vehicle load. However, s ince  the R F  
shipment a r r i v e s  only once p e r  week, the dai ly  a v e r a g e  
s tat ion t ime required,  if a l l  d r u m s  received i n  c a r g o  
containers  i n  A'i'MX c a r s  is 874 minutes .  This  could 
b e  handled in  1.9 station days,  o r  2 stat ions each  
utilized 95 percent  of the time. 

b. If a l l  d rums  a r c  received in  re turnable  M3s,  2 ATMX 
tars  p e r  day  a r e  rcquired. In addition .the weekly R F  
shipment  would a r r i v e  on one of the days. The unloading 
s tat ion t ime required would be: 

2 ATMX (M3) = 376 X 2 . - - 752 

1 ATMX ( R F I  = 229 X 1 



TIME SUMMARY FOX VEHICLE UNLOADINC;/RELOADING 

VehicleIContainer 
Combination ATMX 

' 
With 

Reload Cycle 

1 

Unload Vehicle (min. ) 

Spot vehicle ( f rom hold ya rd )  
'a-&a. / ~ i  

Remove vehicle r e s t r a in t s  and 
l ids  

Unload containe r ( s )  

Replace vehicle l ids 

- Move vehicle to hold yard  

I Unload Cycle Time (m-in. ) 

Unload Cycle Time (hrs .  ) 

ATMX 
With 
M3 
(returnable)  

24 

CC 

24 

25 

50 

15 

- 2 4 

138 

2.. 3 

ATMX 
With 
M3 
(contaminated) 

24 

ATMX 
.With 
R F  

2 4 

I Reload Vehicle (min. ) 

spot' empty vehicle 

Remove vehicle lid 

Reload containe r ( s )  

Replace vehicle lid and r e s t r a in t s  . 

Move vehicle to hold yard 

Reload Cycle Time (min. ) 

Reload Cycle Time (hrs .  ) 

UnloadIReload Cycle (min. ) 

Unload/Reload Cycle (hrs. ) 

- -  . . . . . .---.-..- -- 

i .  2 5 
I 

100 

15 

" - 24.  

. 188 

3.2 

F la t ca r  
With 
S T  

2 4 

(Not  

Reloaded) 

2 13 

3.6 

,. ..... . . . . . ... . . 

I 
24 i 2 4 

15 15 . .  

50 
100 

Truck 
With 
S T  

6 

24 

- - 
4 0 

- - 
24 - 
88 

1.5 

180 

3.0 

(Not 

Re-  

loaded) 

229 
3.8 

2 5 

. - 24 

138 

2 .3  

276 

4.6 

. 

6 

- - 
22 

- - 
4 - 
32 . 

0 .5  

5 8 

1.0 

2 5 I ' 2 5  

2 5 

. 24 - 
. 188 

3.1 

376 . 

6.3 

. 

- - 
44 

- - 
- 24 

9 2 

1.5 

100 

40 

- 24 

213 ' 

3.6 

PA--."-.-- ...-.*-.. ...----,. 

- - 
16 

- - 
- 4 

26  

0.5 

116 

4 0 

- 2 4 

22 9 

3.8  



Thus, thc maximum day would r cqu i r c  2.1 s tat ion days,  " 

and two stations would fa l l  48 minutes  s h o r t  of handling the 
vehicle load. Thc daily avc rage  s tat ion t imc  requi red  
would be 798 minutcs  o r  1.75 s tat ion days. 

Thus 2 stations,  cach  util ized 88 pe rccn t  of the t ime,  ' 
could handle this situation on the weekly average .  . 

Lf all d r u m s  a r e  received in  S T s  on f l a t ca r s ,  .3  f l a t c a r s  
p e r  day i s  the maximum required.  The weekly sh ipment  
of R F s  would a l s o  a r r ive .  The unloading s tat ion t i m e  
requi red  would be: 

3 F l a t c a r s  (ST) = 180 X 3 
- .  

~ A T M X ( R F )  = . 2 2 9 ~ 1  

Thus, the maximum day would r equ i r e  1.7 s tat ion days,  
and the weekly ave rage  would r e q u i r e  586 minutes  o r  1.3 

.- . . . .  stat ion . days. Two stat ions each  utilized 65 p e r c e n t  of 
the t ime  could handle this  ave rage  day. 

d. If all d r u m s  a r e  received in  S T s  on f la tbe 'd ' t rucks,  
8 t rucks  p e r  day will  be requi red  f a r  p roces sed  waste .  
The weekly shipment  of R F s  would a l s o  a r r i v e  bu t  would 
be  unloaded a t  a r a i l  station r a t h e r  than a t ruck  station. 
The  maximum truck unloading s tat ion t ime r equ i r ed  would 

-... . be: . -  . -  .---: . . .. 

, . 

8 Flatbed t rucks  (ST) = 8 X 58 = 464 m i n  

. . . . .  
Thus, one t ruck station util ized 100 pe rcen t  of the t ime 
would handle the masirnum unloading requi rement ,  if 
this ve ry  tight sched~.i.le could be maintained. However ,  
ma te r i a l s  and supplies m u s t  a l s o  be received a t  the t ruck  
station. Therefore ,  a single t ruck s tat ion is inadequate. 
Placing two truck s tat ions s ide-by-side a p p e a r s  to provide 
adequate unloading capacity, '  s ince  only 4 hours  of ac tua l  
u se  of the c r ane  i s  rcquircd. (Only one. c r a n e  can  s e r v i c e  
.these hvo t ruck stations.  ) However,  g r e a t e r  flexibili ty 

- could LC obtained by using a r a i l c a r  s ta t ion and the second 
c rane  f o r  t l ~ c  sccond t ruck  unloading station. Thus,  only 
one truck-only station would be required.  



C. If d r u m s  a r c  rcccivcd by any m i x  of ATMX (CC), 
ATMX (M3), F l a t c a r  (ST) and Truck  (ST), the r a i l c a r  
unloading station weekly t ime util ization (2  s ta t ions)  
wil l  f a l l  bctwcen the maximum of 95 percent  f o r  both 
s ta t ions  if a l l  ATMX (CC)  and 50 pe rcen t  f o r  one s tat ion 
if all Truck  (ST) (assuming one t ruck  s tat ion is a r a i l c a r  
s ta t ion) .  Shipments of contaminated M3s r cduce  the 
util ization of the r a i l c a r  s ta t ions s ince  the ATMX is not 
reloaded i n  th i s  case.  

Qbservat ions 

1 The  high util ization (95% and 8870) of the r a i l c a r  s ta t ions 
seems too high fo r  sustained operation. However,  if 
sh ipments  a r e  equally dis t r ibuted between ATMX (CC), 
ATMX (M3) and F l a t c a r  (ST), the a v e r a g e  util ization 
would be  about  8370. Lf t ruck  sh ipments  a l s o  a r e  
considered,  the util ization is reduced to  7570. 

1.5.2 The  util ization f ac to r  f o r  the r a i l c a r  stations could be  
reduced by providing r a i l  a c c e s s  to ' the t ruck  unloading 
station. This  would provide the capabili ty to  handle the 
w o r s t  day c a s e  (ATMX (CC) f ATMX (RF)) wi th  a n  
ave rage  util ization of 75 percent  f o r  each  of the th ree  
stations.  The  average  ut i l izat ion of each  s tat ion 
during! the w o r s t  week would be 6370. 

With three  unloading s tat ions the utilization f ac to r  f o r  
w o r s t  day shipments  of ATMX (M3) would be 71 percent ,  

. and the ave rage  fo r  the w o r s t  week would be 57 p e r c e ~ t .  

1.5.3 Utilization of the bridge c r a n e s  i n  the unloadlload a r e a  
is a s  follows: 

% of . % of 
cycle  t ime 

ATMX (CC) .shipment 5 8 
m 

. ATMX (RF)  shipment  6 4 

ATMX (M3) shipment  70 

Truck  (ST) shipment  66 

ATMX (CC) + .ATMX (RF) w o r s t  day 6 8 



. . % of % of 
cycle t imc 

. . 

ATMX (CC) + ATMX (RF) average day -.- 55 . 

ATMX (M3) 't ATMX (RF) wors t  day - - 73 

ATMX (M3) + ATMX (RF) average day - -  60 

By comparison of the utilization fac tors  fo r  the stat ions . 
and the cranes,  i t  is evident that f o r  three stations and 
two cranes ,  the capacity of the c ranes  r a the r  than the 
number of stations becomes the limiting constraint  on 
the receiving capacity of the facility. 

The above crane  utilization fac to r s  a s s u m e  that  the 
cranes  a r e  not use? fo r  any other  functions such as 
removal of container cover res t ra in ts '  o r  bracing, o r  
removal  and replacement of bin covers  if the bin air- 
lock concept is used. 

1.5.4 The cycle time fo r  a station could b e  reduced by having, . 
two pr ime movers  for  ra i lcars .  This would pe rmi t  a n  . 

' '  ' 

incoming c a r  to standby just beyo.nd the switch c loses t  
to the station. Thus, the tieup of the station f o r  c a r  , . . . ,  . 
movements would be reduced to about 22 minutes pe r  ; 
unload1 reload cycle r a the r  than 96 minutes. 'Under 
these conditions, the wors t  day station tim.e required.  . 
would be 800 minutes. With two stations, each would 1 ' ' 

m .  be utilized 87 percent  of the time. Comparing the use 
of two p r ime  movers to use of three stations indicates 

, . 
that three stations gives better utilization fac tors  than 
two prime movers.  With two pr ime movers,  the station 
utilization rather  than crane  utilization is the controlling 
factor.  

1.5. 5 ,  The utilization time required f o r  the p r ime  movers  
would be  a s  follows: 

Min 
7 

Hookup and s t a r t  moving 

Travcl  f rom hold yard to wait station 

Wait a t  wait station 
. .  . . .. . -. 



Ente r  building and unhook 

~ e t u r n  to hold yard 

This  sequence (o r  the equivalent) would occur  four 
t imes  f o r  each unload/reload cycle. Thus the t ime 
utilized f o r  the wors t  case  day would be 770 minutes. 
This  would utilize two p r ime  movers ,  each 84 percent  
of the time. Three  p r ime  movers  total probably would 
bc needed to provide f o r  high level  waste  and mate r i a l  
and supply shipments. 

If the wait  t ime w e r e  eliminated, the p r ime  waver tiniu 
utilized would be 560 minutes, o r  .61 percent  utilization , 

of two p r ime  movers.  

5 6 Since a minimum of two p r ime  movers  is required to 
handle the wors t  day traffic, the utilization o i  two 

. stations can be reduced to 87 percent  by having a p r ime  
' 

mover  with incoming c a r  wait nea r  the unload/ reload 
station. If three ,  stations and the wait concept a r e  used, 

. the utilization of each .station would be 58 percent ,  and . 

the utilization of the c ranes  would become the controlling 
factor .  This would provide flexibility and some relief 
in the event nf malfunction of station doors. 

1. 5.7 The utilization of the stations could be reduced if any of 
the functions performed a t  the station could be removed 

, to another station outside the building. 'I'he candidate 
func tion.9 a n d  their time requirements are :  

Remove Replace 

Vehicle res t ra in t  . 10 10 

Vehicle lids 15 15 

Vehicle bracing 15 15 

Lid removal a t  a rcmotc station would a l so  reduce the 
crane  utilization. 



If i t  is aesumcd that: , .  

a Vchiclc res t ra in ts ,  l ids and bracing are 
removed outside the building 

o C a r s  wait  c lose to the building f o r  a n  
available station 

then the cylce t imes  would be: 

(Minutes) (Minutes) (Minutes) 
Unload ATMX (CC) ATMX (M3) ATMX (RF)  

Spot vehicle - 6 6 6 

Unload container . 50 100 116 

Move out vehicle - 5 - 5 5 - 

Reload - 6 1 - 111 - 0 

Total  cycle 122 222 127 . 

Utilization fac tors  would be: 

I Station '51 Each , I Cranes 
2 Stations 3 Stations 

ATMX (CC) + ATMX (RF),  
average day 

70 Each  

ATMX (CC) + ATMX (RF),  
wors t  day 

ATMX (M3)  + ATMX (RF),  
wors t  day 

54 . . 36 

ATMX (M3) + ATMX (RF),  
average  day 



If the vchiclc bracing remained in the c a r  until i t  
roached thc unload stationp approximatcly 30 minutes 
would bc added to thc cycle and thc ATMX (LC) t 
ATMX (RF)  w o r s t  day station utilization with 2 stations 
would be 76 pcrccnt,  and 51 percent  f o r  3 stations. 

1.5.8 Another possibility for  reduction of the station utilization 
fac to r  could bc achieved i f  different containers  (of the 
e a m e  type) than those rcccived could be returned to 
sender. The effect on station utilization would be 
significant if lid removal cannot be performed outside the 
building, but minor if lid removal is outside. The effect 
on crane  utilization appears  to be insignificant s ince  the 
only crane  t ime eliminated would be  about 8 minutes of 
c rane  t rave l  fdr unloadihg CCs per cycle. The m a j o t  
effect would be  reduction of delay time f o r  the r a i l ca r  
o r  truck. As  noted under I tem 1. 1 a modification of 
c r i t e r i a  allows the re turn  of containers by different 
vehicles but s t i l l  requi res  that  they be shipped to the 
point of origin. 

1.5.9 On the w o r s t  ra i lcar  day there  a r e  3.5 unloadlreload 
cycles.  F o r  each cycle the.prime mover  en te r s  and 
leaves the building four t imes  as follows: 

. . .  Enter ,  spot loaded vehicle, leave 

Enter ,  attach empty, loave 

Enter ,  spot empty, leave 

5 ~ n t e r ,  attach vehicle, leave 

the door is opened 14 t imes  during the day. 
i s  assumed to open the door, 5 minutes to 

c lose  the door,  and 10 rninutcs fo r  the p r ime  mover  to 
move in and out, 280 minutes per  day will find the door 
unsealed. This represents  61 percent  of the act ivc work 
day. Entry  of trucks delivering mater ia ls  o r  supplies 

. will increase  the percentage of t ime that doors  a r e  
unsealed. 

F o r  the wors t  truck day thcre a r e  8 truck unloads, 
8 truck rcloads, and one ATMX (RE) unload/reload 
cycle. Tlrcreforc a door i s  opened 32 t imes  fo r  t rucks 
and 2 tinrcs f o r  thc ATMX (RF). Tllus, i f  a door opcnl 
close cyclc rcquircs 13 ~ n i n u t e s  for  a truck and 20 
minutcs fo r  thc ATMX ( R F ) ,  . thc total tinlc a door is 
unscalcd during thc day i s  456 minutes o r  csscntial ly 
100 pcrccnt of thc work day. 



Thc largc  portion of thc timc that a door to the loading. . . 

a r c a  must  bc unsealed appears  tb c a s t  doubt on the 
acceptability of a facility conccpt without a n  a i r  lock 

' 

between the loading a r c a  and the container unloading 
area .  

It a lso  i s  observed that with these l a rge  utilization 
fac tors  fo r  the doors, the doors could become the 
limiting factor  on the recciving capacity of the facility, 
if they a r e  interlocked to allow only one unsealed door 
a t  any time. 

Utilization a£ a i r  locks fo r  t rucks and ra i l ca r s  therefore 
appears  to be the m o s t  reasonable means  of providing 
building access  while assur ing  maintenance of control 
of facility environment. 

1.5.10 A possible concept fo r  an a i r  lock between the loading 
a r e a  and the container unloading a r e a  is a bin, top 
opening into the vehicle unloading/loading a r e a  and 
end opening into the container unloading area.. This  
would permi t  a container to be loaded into the bin through 
the open top by the vehicle unloading crane.  After the  
bin lid i s  in place, the end of the bin is bpened and the 
container unloaded through i t s  end door. 

The utilization of the c ranes  will  be  increased by the . 

t ime required to remove and repla e bin lids. Two 4 bin lid lifts a r e  required f q r  each.,. , ' ~ 3 s . a n d  eiich.kdf3': 
RFs .  If i t  i s  assumed that five minutes i s  required to ' .  

move a bin lid f r o m  the top of a bi'n to  a s torage  plaffqrm . , . . . .  . 
at  the s a m e  elevation as  the top of the bin, the c rane  . '. . . 
t ime required fo r  bin lid lifting associated with unloading 
each type of shipment is: 

ATMX (GC) 10 minntes 
, '  I .  

ATMX (M3) 25 minutes 

a ATMX ( R F )  24 minutes 

Fla tcar  (ST) 10 minutes 

Thus tllc addcd c rane  time and c rane  utilization f o r  
the maximum days would be a s  foilows. (No station 
utilization tinlc i s  addcd if i t  i s  a s s u n ~ c d  that lids a r c  
moved whilc tJw vchiclcs a r c  bcing moved into o r  out 
of thc station. ) . . . .  

. -  . .. - . - .  _ - _ . .  . . ..__ ' - .  - . . - . . . . -  :. . . - 
. ., . . - . - ... -17- 



Time (min) Utilization % 

3 ATMX (CC) + ATMX (RF) 5 4 6 

2 ATMX (M3) + ATMX (RF)  74 E 

During the August 4 - 5, 1976 rcview meeting this  
concept was judgcd to be l e s s  des i rable  than the 
addition of t ruckf ra i l ca r  a i r  locks. This data i s  therefore 
presented for  completeness but the represented  design 
approach is not being pursued. 

1.5.11 Discussions during the August 4 - 5, 1976 review 
meeting centered on the u t i l i z a t i o 0 n 2 ~  locks f o r  t ruck/  
r a i l ca r  a c c e s s  to the buildin Two a i r  locks would be 

2ea-ceesii to any .tatinn 
i without diarupliug opeyations i n  other  stations. Addition 

of air locks will impact  station utilization because of the 
additional door t ravel  required. The additional t ime 
fo r  a r a i l ca r  will  be 5 minutes to open and 5 minutes 

/ to c lose  the door and fo r  t rucks a total of 6 minutes 
additional time. Tables 1.6 and 1.7 show the impact  < of a i r  locks and changes in shipping c r i t e r i a  on cycle 

. 

$$> t imes  . 
r 

. .  & .The impact  of this additional time on the various cycles 
analyzed to this point i s  summarized in Table 1. 8, 
Sections 6 and 7, for  the assumed operation without 
c lose 'wai t  and'without a l id station.. 

. : 

Table 1.8,. Section 8, shows the impact  of the addition 
of a i r '  locks ' to  operation with close wait and a n  external  
lid 8tn.tion fop r e m u v ~ l  of l ids  and bracing. 

1.6 8t1mmary and Conclusions 

1.6.1 Table 1.7 sumn?.ari~oo the idillzatl6ii fac tors  f o r  
r a i l ca r  stations and c ranes  undcr various conditions. 
I t  a l so  contains incrcrncntal utilization fac tors  fo r  
c r a n e s  to be added to thc c rane  fac tors  i f  a i r  lock 
bins a r c  used and tllc bin lids a r e  handled by the 
cranes .  

1.6.2 Station and c rane  utilization fac tors  should be kept 
low to providc for  future increased ra tes  of ma tc r i a l  
inflow, to provide flexibility, and to partially 
accomrnodatc malfunctions of equipment. 



. . . . 

TIME SUMMARY F o ~  VEHICLE .UNLOADING/RELOADING .. . . 
UTILIZING AIR LOCKS F.OR.BUILDING ACCESS 

T r u c k  
With 
S T  

6 '. 
- L 

3 ;  

- - 
16 

- - '1 

(01 ' 
4 - 

3 2 

0 . 5  

F l a t c a r  
With 
S T  

24 

10 

- - 

- - 
44 

10 

24 - 
112 

1 .8  

ATMX 
With 
R F  

2 4 

10 

2 5  1 

4 0 

""i'" 
10 

2 4 - 
249 

4.2 

ATMX 
With 
M3 
(contaminated) 

24 .  

10  

2 5 

100 

40 

10 

2 4 - 
233 

3.9 

VehicleIContainer 
Combination ATMX 

With 
Relaad Cycle CC 

ATMX : 
With 
M3 
( r e  turnable 

24 

10 

2 5 

100 

15 

10 

- 2 4 

208 

3. 5 

24 

10 

2 5 

5 0 

15 

10 

- 24 

158 . 

2.6 

I 

I 
C 

e 
I 

Unload Vehicle (rnin. ) 

Spot vehicle ( f rom hold-yard) 

A i r  lock operation 

Remove vehicle r e s t r a in t s  and 
l ids  

Unload container(s)  

Replace vehicle l ids  

A i r  lock operation 

Move vehicle to hold yard 

Unload Cycle Time (min. ) 

Unload Cycle Time (hrs. ) 



: , I .  . 1 .  I ,  - "L.811. 

TIME SUMMARY FOR VEHICLE UNLOADING/RELOADING 

UTILIZmG AIR LOCKS FOR BUILDING ACCESS 

t 

Truck  
With 
S T  

6 ‘ 

,- 
I 

3 /' 

L 

- - 
2 2 

- - 

cq 
4 - 

3 8 

0.6 

1 

Flattar 
With 
S T  

24 

10 

- r 
4 0 

- - 
10 

2 4 - 
108 

1.8 

ATMX 
With 
R F  

(No t  
Re - 
loaded) 

A TMX 
With 
M3 
(contaminated) 

(No t  
Reloaded) 

233 1 zyl 1 220 3.9 3.6 . 
- 

ATMX 
With 
M3 
(returnable)  

24 

10 

15 

100 

2 5 

10 

24 - 
208 

3.5 

Vehicle /Container 
ATMX 
Wi tb 

Reload Cycle CC 

416 

7.0 

Reload Vehicle (min. ) 

Spot empty vehicle 

A i r  lock operation 

Remove vehicle lid 

Reload container(s)  

Replace vehicle l id and r e s t r a in t s  

A i r  lock operation 

Move vehicle to hold yard 

Reload Cycle Time (rnin. ) 

Reload Cycle Time (hrs ,  ) 

Unload/Reload Cycle (min. ) . 

Unload/Reload Cycle (hrs .  

24 

10 

I 5  

5 0 

2 5 

1 C 

- 2 4 

158 

2 .6  

31Q 

5. 2 



TIME SUMMARY F O h  v 2HICLE UNLOADING/RELurrDING 

UTILIZING AIR LOCKS FOR BUILDING ACCESS 

ASSUMING EMPTY CONTAINERS AVAILABLE FOR RETURN TO SENDER 



TABLE 1 .8  

UTILIZATJON FACTOR (To EACH UNIT) 

(Rai lcar  Stations a r d  Cranes )  

I 
! 

Handling Conditions 
Shipment Scenar io  

' . 

1. Without c lo se  wait, without l id station 
I . !  

3 ATMX (CC) + ATMX (RF)  ? - 

2 ATMX (M3) + ATMX (RF)  

3 F l a t c a r  (ST) + ATMX (RF)  
. . 

113 each  ATMX (CC), ATMX (M3), 
F l a t c a r  (ST) + ATMX (RFJ 

f ' ,  

114 each  ATMX (CC), ATMX (My), 7 F l a t c a r  (ST), T ruck  (ST) C ATMX (RF)  
i-, 

2 (  W i t h o u t j l o s e  wait ,  without l id  s ta t ion -- 

3 ATMX (CC) + ATMX {RF)  

2 ATMX (M3) + ATMX ( R F )  

3 F l a t c a r  (ST) + ATMX (RF)  

3. With c lo se  wait ,  with lid station (lid only) 

3 ATMX (CC) + ATMX (RF)  

2 ATMX (M3) + ATMX (RF)  

3 F l a t ca r  (ST) + ATMX (RF)  

Day 

2 C r a n e s  

5 5 

6 0 

5 5 

60 

3 5 

46 

2 Stations 

9 5 

8 8 

6 5 

83  

7 5 

Average 

3 Stations 

.6 3 

5 7 

Day 

7. C r z n e s  

68 

73 

I 

b Bt 

I3 

45 

5 6 

2 Stations 

115 

105 

8 5 

1 

87 

' .  

7 6 

M a x i m ~ m  

3 Stations 

75 

7 1 

56 

5 1 



. . 
. ' .(Ra.ilcar -Stations and Cranes )  

. . 

Handling Conditions 
Shipment Scenario 

4. With c lose  wait, with lid station (lid + brac ing)  

3 ATMX (CC] + ATMX (RF)  

2 ATLUX (M3) + ATMX (RF)  

3 F la t ca r  (ST) + ATMX (RF)  

5. A i r  lock l ids  (add f o r  l ids)  

3 ATMX (CC) + ATMX (RF)  

2 ATMX (M3) + ATMX (RF)  

\ 
6. Building a i r  locks 

(Without c lose  wait, without l id atation) 

3 ATMX (CC) + ATMX (RF)  

2 ATMX (M3) + ATMX (RF)  

3 F l a t c a r  (ST) + ATMX (RF)  

2 Stations 

4 2 

5 1 

105 

90  

70 

Day 

2 Cranes  

4 5 

56 

6 

8 

2 Stations 

54 

62 

130 

120 

100 

~ v e r a ~ e  Day Maximum 

3 Stations 

3 6 

4 1 

8 7 

8 0 

6 7 

3 Stations 

2 8 
I 

34 

2 C r a n e s  

3 5 

46 i 

70 

6 0 

47 



TABLE 1 . 8  - Cont. 

UTILIZATCON FACTOR (% EACH UNIT) 

(Railcar Stations and Cranes )  



Maximum day shipments O I ' C C B  and M3s cannot be 
accomrnodatcd by two stations unlcss the "close wait" 
concept i s  used. That i s ,  a c a r  is standing by a s  
close a s  possible to the station to move in a s  soon a8  
the station i s  available. 

Even with the close wait concept, the utilization of ' 

two stations i s  87 percent  which is higher than 
comfortable. This can be reduced by e i ther  of two 
approaches; installing a third station, o r  installing 
a vehicle lid removal/ replacement station external  
to the building. 

A third station-could be installed by extending the 
building a t  the truck station and providing a dead end 
spur  t rack to accornmodate a ra i lcar .  The door would 
a lso  probably need to be  enlarged. If this w e r e  done, 
the station utilization would decrea'se to 58 percent  but 
the crarie utilization could. be a s  high a s  81 .percent f o r .  
a n  M3 day if the crane  is a lso  used to 1 s t  a i r  lock l ids , .  
Thus, the cranes  would be controlling and there would 
be little, if any ,  flexibility o r  unused capacity in  the 
system. The crane  utilization could be reduced to 73 , 

percent  maximum by .installing a separa te  crane  o r  . 
other  mechanical device for  a i r  lock lid lifting. 

The crane  utilization can be reduced to 56 percent  
(64 percent  if bin lids lifted) by using a remote station 
to remove the ATMX lids. If the c a r  bracing a l so  is 
removed a t  this remote station, the c a r  unloading 
station utilization i s  reduced to 62 percent  f o r  two 
stations. Thus a good balance i s  achieved between 
station utilization and c rane  utilization. There  would 
b e  no gain in potential throughput inc rease  by installing 
a third station since the crane  utilization is controlling 
and for  three stations and two c ranes  the crane  utilization 
increases  f a s t e r  than stat ion utilization when the through- 
put i s  increased. 

The prefer red  approach appears  to be to use the "close 
wait1' concept and a remote ATMX lid station, without ' 

providing rai lcar  access  to the truck station. This  
would providc the ability to accommodate equiprncnt 
malfunctions without rapid buildup of backlog and to 
achicvc maximum growth in througlrput. It a l so  presents  
tlre altcrnativc of providing for  thc remote station but 
pos tpon i~~g  i ts  installation until the throughput proves 
to cxcccd the capacity. 



1.6.8 To achieve the utilization fac tors  indicated will  requi re  
very  prcc isc  schadnling and traff ic  control both inside 
the building and on thc s i te  r a i l  system. Automatic 
display, complc tc communication, and For sib!;. c e ~ t r a l  
control of yard traffic will be required. 

1.6.9 Although the truck station maximum utilization fac tor  
is only 50 percent  f o r  two stations, the c rane  utilization 
would be 66 percent  (without bin lids which would be 
lifted by the o'ther c rane )  s ince only one c rane  se rv ices  
both stations. Providing truck a c c e s s  to the r a i l ca r  
stations would be a minor  expense .and i s  recommended 
since i t  would provide a c c e s s  to the other  crane.  

1.6.10 If the Itclose wait" concept is used and there  a r e  only 
two pr ime movers,  each would be utilized 84 percent  
of the working day. If there  a r e  two pr ime movers  but 
the "close wait" concept is not used, each p r ime  mover  
is utilized 61 percent  of the time. Thus, 2 p r ime  
movers  might sufficc initially, but a third would need 
to be added a s  the number of movements increased o r  
when a remote lid station was installed. 



ITEM I1 

LAY DO\jVN S"."rCI? UTILIZATICN 2. - 
2. 1 rhois  n: ig  I?t:.clr.~i rcrncnts 

. . Thrcc types of containcrs (ST, CC,  1.13) holding 55 gallon drums (SSD) 

a r e  received a t  the unloading stations. In addition, R F  boxes a r e  

received. All containers and boxes a r e  unloaded f rom the vehicles 

and transported to a laydown a r e a  by bridge cranes. An alternative ' 

possibility would be to unload drums f rom a n  ST while. the ST is on a 
< ,  

flatbcd truck. This method of unloading b i g h t  a lso  b e  applied to the. 

last  ST on 'a flatcar. The laydown a r e a  'is an  open floor space between 

the vehicle unlqading a r e a  and the container unloading area .  (The 

/ \ & 4 container a i r  sampling locaticn and procedure should be defined. If 
k .\+ 

/ 1 
J ' sampling can be ~ 5 r f o r m e d  before unloading the ST f rom the vehicle, - .t . 

1.9 , 4 ; this may not be a consideration i n  the time cycle since sampling could I , ;  
I ; probably be pcrformed while the 'tiedowns a r e  being removed. ) 
129, 

: Q r ;  
i \ j The 55Ds a r e  assumed to be unloaded three a t  a tim- i r o m  the containers 
. P, 

,,,p< ; (ST. and CCs) through end-opening doors while the containers a r e  . . in  the' 

\ laydown airea. (A special design drum grabber will need to be developed 

1 to lift R r e e  drums f rom the side since there is inadequate headroom i n  ----_ - .  Q a n S T  to lift f rom above), The 5SDs a r e  then moved to a 24-drum pallet. 

However, a smal l  portion of the containers may be found to be contam- 

inated on the inside. Internally contaminated containers a r e  moved to the 

overpack area.  for 'unpacking. (If internal  sampling ie performed while 

containers a r e  on the vehicle, contaminated containers would be moved 

directly f rom the vehicle to the overpack area . )  This f r e e s  the spa.ce fo r  - 
. . r 

other use. i When containcrs a r e  unloaded in the laydown space, the space 
. . I 

:. . . is tied up until the proper type vehicle is av=ilable in  a loadin'g station to 

receive the contaiae r. 

Twenty M3s a r e  received in a n  ATMX car. They a r e  lifted, four a t  a 

time, using a special spreader,  and moved to a laydown space. Ei,ght 



M3s can 11e placed in an 11' x 27' laydown space with space remaining 

f o r  stacking of the M3 lids a s  they a r e  removed. Since the M3s a r e  

top loading, empty laydown space mus t  be left between groups of M 3 s  

to allow unloading. The a i r  i n  each M3 i s  sampled f o r  contamination 

p r i o r  to removing the lid f r o m  it. (The sampling method should be 

defined). 

z g '  
55'Ds a r e  removed f r o m  the M3 using a x  forklift equipped with a 

# 

specia l  design d r u m  grabber  based on the Lift-0-Matic concept. The 

d r u m  lifting device will  need to extend below the truck forks  f a r  enough 

to reach the bottom laye r  of drums i n  the M3. This can be done by n 

fixed extension of a t  l eas t  3 feet  o r  by a movable extension which can 

t ravel  vertically to reach, the  drums. The fixed extension would be l e s s  

cost ly but i t  would inc rease  the lift height required,for  the forklift  by 

about 3 fee t  to a c l ea r  lift  height of a t  l eas t  12 feet  under the forks. 

The p resen t  design of the M3 prevents ualoading drums 4 a t  a time. 

However, the design m a y  be modified to pe rmi t  unleedina 4 at a time. 

If this design modification is not made i t  will be necessary to unload 

d rums  one o r  possibly two a t  a time. This would require modification 

of the lifting device to pe rmi t  rotation so  that a d r u m  in  any quadrant 

could be gripped a t  the point on .a radiuu' of Lllc four drum alueter .  

After the M3s a r e  emptied, and the lids replaced on them, they a r e  lifted. 

four at a time, into a n  ATMX c a r  fo r  shipment back to  the sender. 
. a .  

Twenty-four R F s  a r e  received in a n  ATMX. 'They a r e  handled four  a t  a t ime . . 

(stacked hrro high) using the slings which a r e  .left i n  place by the sender. 

A sp reader  wil l  need to be designed to maintain a 6-inch spacing between 

the R F  stacks to permi t  removal of the slings a f t e r  the R F s  a r e  placed 

in the laydown area .  It is visualized that slings would be removed by 



unhooking the outboard side of the eling f r o m  the cranc  hook and then ' 

pulling the slings f r o m  around the RFs  by raising the c rane  hook to 

pull the slings through the space 'between the R F  stacks. The slings 

would be returned to the ATMX by the crane  a s  i t  approached for  the 

next load of RFs. About 38 ft. c l e a r  f r o m  floor to c rane  hook would 

be required f o r  the slings to c l e a r  the top of the R F  stack. 

The air inside the R F  is not sampled f o r  contamination nor is any 

mate r i a l  removed f rom the RF. The R F s  are removed f r o m  the 

laydown space, one a t  a time, baing a 7.5 T forklift. They.are  t rans-  ' 

ported to a 8.5' x 12.5' pallet which holds two RFS. Before being 

placed on the pallet they a r e  inspected fo r  damage and external  con- 

tamination(? ). Zf damaged o r  contaminated, they a r e  moved to the 

minor  repai r  o r  overpack a r e a s  a s  appropriate. 

In summary,  the quantity of i tems moving into and out of a laydown 

space fo r  the ~ r i o u s  types of containers and waste'  received, are:  . . 

LAY DOWN SPACE MATERIAL FLOW 

. . 
Item Received Vert ical  Horizontal. 

. . 8 '  

Container1 Waste In Out Out 

1-ST 1-ST 33-550 Supert iger/Processed 

Supertiger/Unprocessed 1-ST 1-ST 42-55D 

Cargo Container/Processed 1-CC 1-CC 43-55D 

Cargo C ~ n t a i n e r I U n ~ r o c e s s e d  1-CC 1-CC 60-55D ' 

Mark 3 / ~ r o c e s s e d k r ~ . e o ~ r ( 8 - ~ 3  8-M3 64-55D. 

Mark 3/wrocessedC..b~&-%13 - 8-M3 

Rocky Fla ts  Box 12 - R F  - 12-RF . , 

The arrangement of i tems in the laydown space and in  thc cor.tainers i s  

indicated in  the following sketches. It can be observed that: 

o If fonr: M3.s ate carried in a single lift by the unloading 

crane ,  eight M ? s  (2 lifts) can be loaded into a laydown space 

withapace inside the laydown to stack the M 3  lids when they 
. . ,  , . . .. ... - F.?: ,&, '-.I._.. 



a r c  removed. 2. 5 laydown spacca a r e  required to hold the 

M3s from an ATMY car .  

Twelve R F s  in a laydown space is one'-half an  ATMX carload. 

K & & A  A I V L U  I- An ST with inside dimensions of 76" x 76" x 172" l ~ u g  "..:" .--'' " 7  

55Ds in  three columns of seven each. To unload two a t  a time by 

forklift would present difficulty. (When drums a r c  three per  row, 

i t  i s  difficult to pick up two'per .lift without having drums moved 

about between lifts. A man would have difficulty moving a 900 Ib 

drum by hand.) Therefore, drums should be removed one a t  a 

time o r  three a t  a time. 

Above comments regarding unludrlil~g 8130 apply to . t h  . CC.  Inside 

dimensions of CCs are about 7' -9- 3/41' (93-314") , w e  by 7'-4-1/8" 

(88-118") high. 

Portable ramps will need to be used with the ST- and CC to allow the 

forklift to enter  the cont?iner. These ramps will need to be stored 

when not in use. The ramp for  .the ST ~ 3 1  be about 10" high; for 

the CC about 6-112" high. . . 

It appears that M 3 s  (contaminated) can be removed one a t  a time f rom 

the end of the laydown a r e a  by means of'a 7.5 T forklift. A boom 
I 

attachment appears feasible for  lifting the M3 with a 30" load center. 

It may not be possible to lift 55Ds f rom the M3 four a t  a time due to 
. . 

the lip on the M3 which reduces the minimum opening to 46-314". 

The Lift-0-Mat ic 'four drum device spaces the drums at 1" aparL 

(i. e. , 47" outside dimension). Redesign of the M3 will be required fo r  

four drum lifting. 

It ehould be possible to remove drums, 'two a t  a time, with two single 

drum grapples on a lifting b e a m  One a t  a time may be the most  

practical. . 

With the arrangements shown, a single laydown space size (11' x 27') 

will accommodate all four containers. 



.. , 

. . 

' , 0 One laydown s p , . ~ c o  is r'huippcd with a dolly (50,000 lbs .. capacity) 

. . . . 
for  transport of occasional STs o r  CCs (internally contaminated 

.. .. . , to the overpack. a r ea  for  unpacking. 

2.2 Time Estimates . - .  . .  

, .. A container laydown station is  "tied;,upl' o r  . utilized . f rom the time i t  is 
. . 

. .  . designated to receive a containeds) until the container(s) is removed 
. . 

, and the space is available to receive another shipment. Thus, the 

activities that determine the time cycle for  laydown space utilization 

are: 

a )  Move conkiner(s)  f rom vehicle to laydown 

b) Sample a i r  inside container (ST o r  CC). O h i s  should be 

done$.while container is on the vehicle, ra ther  than i n  the 

laydown space.) 
. . 

C )  Open container door (for ST and CC only) 

Remove Lids (for uncontaminated ,M3 only) 

d) Place ramp (ST and CC only) 

e) Empty container (if ST, CC o r  uncontaminated M3) o r  

laydown space (if RF o r  contaminated M3) 
. . 

f) Close container door(s) (ST o r  CC) 

Replace l ids (uncontaminated M3) 
. . g) wai t  for  proper type vehicle to be 

uncontaminated M3) 

, h) Move ST, CC o r  uncontaminated M3s f rom laydown space 

to vehicle. 

Time cycle estimates f o r  the four types of containers, two types of waste 

and three types of vehicles follow: 
' 1.' Supertiger, Processed Waste (ST-P), Fla tcar  o r  Truck 

. 
Min. - 

Sample a i r  a t  laydown, no wait for  vehicle. 

. . 1..1 Move ST- P f rom flataar o r  truck to laydown and 
. . disengage sling 

1.2 Sample a i r  in ST 



Min. - * 

1.3 Open ST door (unbolt and swing back two doors  in  sequence) 4 7 

Based on est imate provided by Sandia: 

1. Remove 10 bolts f rom outer  door 15 

2. Open outer  door and secure  7 

3. Remove inner  door bolts and open - 25 

\ 47 

1.4 P lace  r a m p  on f loor 

1.5' Remove 33 S5Ds f rom ST ( 3  p e r  lift) 

~ s s u m e  forklift  used to .#enter ST. engage three  drums,  

backout and down ramp. turn, t ravel  20 ft. go up r a m p  

onto pallet, r e l ease  d rums  on pallet. back-off pallet 

and down ramp. turn. re turn  20 f t  to ST (5  minlcycle)  

1.6 ' Remove r a m p  f r o m  floor and s to re  

1.'7 Close ST doors 

. 1.8 Engage sling and move S T  f r o m  laydown to f la tcar  o r  t ruck 8 
200 

2. Supertiger., Unprocessed Waste (ST-U), F l a t c a r  o r  Truck 

Sample a i r  a t  laydown, no wait for  vehicle. 

1.1 Time elements f r o m  moving the S T  throug p l a c i ~ g  kL 
ramp on floor (1.1 - 1.4) a r e  the s a m e  as,  Case 1 

1.5 Remove 42 55Ds f r o m  ST (3 p e r  lift). ~ s s - e  5 minl l i f t  

cycle. 7 0 

1.6 Time elements f r o m  removing ramp through returning ST 

to vehicle (1.6 - 1.8) a r e  the same  a s  Case 1. 

3.' Supert iger ,  Processed Waste (ST-P),  ST remains on Flatbed truck 

3.1 Sample a i r  in ST. 15 
. . 3.2 Isolate tiedown f rom door only 10 

3.3 Open ST door (unbolt and swing back two doors in sequence). 4 7 
(Js h= r h ~ , ~ p e q  r e  shim/ f a  m,/c ,.f of;L &dc4) 

3.4 Place  r a m p  on floor 10 

3.5 Remove 33 55Ds f r o m  ST ( 3  per  lift). Assume there a r e  

pufficient forklifts ope rating s o  that a forklift approaches 

the truck bed a s  soon as  the approac tr ie  c leared  by the 
. . 



Min. . _. 

previous forklift (assurnc 4 min/cycle). 

3.6 Remove ramp f rom floor and s tore  ' . 

3.7 Close ST doors 

3.8 Replace tiedown on door 

4. Cargo Container 

Cargo containers a r e  shipped only in a n  'ATMX. Therefore, they 
. . . . must be unloaded f rom the ATMX and moved to a laydown a r e a  fo r  

removal of the 55Ds. Internal air can be sampled only a t  laydown . 

area. - Min. 

4.1 CC, unprocessed waste, (CC-U), sample air a t  laydown, . . 

no wait for vehicle. 

4.1.1 Move CC-U from ATMX to kydown a rea ,  dieengage sling 8 '  . 

4.1.2 Sample air i n  CC 15 

4.1.3 Open CC doors (CCs a r e  equipped with two doors and quick 

opening latch devices, 2 per  door). ' 4 

4.1.4 Place ramp on floor . 10 

4.1.5 ~ e m o ' v e  60 55 Ds f rom CC (3 per  lift, 5 min/cycle) 100 
. . 

4.1.6 Remove ramp from floor and s tore  I 0  

4.1.7 Close CC doors . 4 . . 

.. 
4.1.8 Move CC f rom laydown to ATMX 8 

1 9 '  

4.2 CC, processed waste (CC-P) sample a i r  a t  laydown, no 

wait for  vehicle 

4.2.1 Move CC-P f rom ATMX to laydown a r ea  8 

4.2.2 Sample a i r  in CC 

4.2.3 Open CC doors 

4.2.4 Place ramp on floor 

4.2.5 Remove 43 55Ds f rom CC ( 3  per  lift, 5 minlcycle, 15 cycle.) 7.5 

4.2.6 Remove ramp from floop and s tore  10 

4.2.7 Close CC doors 4 

4.2.8 Move CC from laydown to ATMX - 8 
134 

a,-. 



5. Mark 3 
8 

Eight M3s a r e  moved f rom an ATMX (4 a t  a time) and placed in 

a laydown space. M3s with undrummed waste a r e  removed from 

the laydowri a rea ,  one a t  a time, and placed on pallets for transport 

down the mine shaft. Handling of processed and unprocessed . 

waste (in drums) i s  identical through the laydown area. Drums a r e  

removed through the top of the M3, one a t  a time (or 4 a t  a timic 

if the M3 is' redesigned)and placed on a 24-drum pallet 

5.1 M3, contaminated M3 o r  undrunimed waste, no a i r  sampling, 
. I 

no return of M3s ' 

5.1.1 Move eight M Y  s f r ~ i n  AT MX to kyrluwl~ axes (four at o tima), 

+Wkft cycles a t  20 minutes (assumed) per c y c l e r  ' < .  
5.1.2 Remove eight M3s from laydown space . 

( Attach forklift sling to M3, lift M3, back out, turn, move 

to paliet, move up ramp onto pallet, deposit ,M3, return 

to laydown area. Assume 8 minlcycl-.) 
@' -7 

---"' ' 

--. -. _ ------ 
&there a r e  no bar t ie rs  around the l a y d o h  space, the' 

forklift can s ta r t  moving M3s out of the, space as' soon a s  

tlie cfane deposits the firel  I O U ~ .  Thud, the eyclo time 

added is only that required to remove the five M3s from the 

space after the las t  load i s  deposited. 1 

6. RF Box 

~ w e h t ~ - f o u r  (24) boxes a r e  received in an AMTX car. The crane 

moves them four a t  a time, f rom the KMTX to. the laydown space. 

Twelve boxes a r e  placed in a laydown space, i. e., 3 lift cycles 

a t  d m i n u t e s  per  cycle. RF boxes contain undrummcd waste and 

therefore a r e  never returned to the sender and do not require 

sampling of a i r  in the box. R F  boxes a r e  removed from the laydown 

space one a t  a time by forklift. 

6.1 RF,  undrummed waste, no a i r  sampling, no wait fo r  vehicle, 

assume only one forklift used. 



\ 
. . Min. - 

6.1.1 Movc 12 KFs i r o n  A T M X ' ~ ~  laydown a r e a  (four a t  a ' t ime)  48 

. . 
' 6.1.2 Remove 1). RFs one a t  a time, f rom laydown a r ea  to 

log-in area.  (132 minutes elapsed time) 

a. Enter space, pick up R F ,  back out 1 

b. Scan R F  for  contamination o r  minor 

repair  5 
I 

c. Move to log-in a r ea  o r  to minor repair,  
\ 

area ,  laydown R F  and return \ 5 
(As there a r e  no bar r ie r s  on the laydown a rea ,  

. . .  . . .  

the forklift can remove the f i r s t  R F  a s  soon 

, a s  the crane removes the sling f rom theRFs ,  

i. e. , about 12 nlinutes after  starting to remove 

R F e  f rom the ATMX. Thus RFs  a r e  being removed 

f rom the space during 36 minutes of the time the 

apace i s  being loaded with RFs. Therefore, the 
. . 

added cycle time will be 96 minutes2 ' - 96 
144 

.2,3 Shipment Scenarios 

2.3.1 If a l l  drums a r e  shipped in  STs on flatcars,  nine (9) STs 

could a r r ive  on the worst  day and the ATMX with RFs 

could a r r ive  the same day. Thus, on the worst day the 

following laydown space times would be required. 

a. The maximum time requirement occurs if t he  

waste is unprocessed, and a i r  sampling is done 

after unloading. 

9 ST-U# = 215 x 9 = 213 0 

24 RJ? (2 spaces) = 144 x 2 = 28 8 
. - .  

2418 min. 

Thue for  a 460 minute day, 5.2 laydown spaces would be 

required. Thus six spaces would need to be provided and 

would be 88% utilized. To provide turning space for the 

forklift unloading the STe, an  6empty space must be provided 

adjacent to ea& ST space, o r  a total of 12 spaces is required. 



b. Since the RFe a r e  received only oncc pcr  wcek, the average * 

day would require 

9 ST-UP = 215 x 9 = 2130 

Thus five spaces would bc 95% utilized, but 378 drums  would 

be proceescd ra thcr  than the 260 daily average. 
, . . . . . - ... _ _ _ - _ - _  --- --. -- - 
2. 3.2 If all drums a r e  shipped in CCs, s ix  (6) CCs could a r r i ve  on the wors t  . . 

day and the A'I'MX with ~ b ' s  could alrlve the same day. If Llie waste 

is unprocessed, a i r  sampling is done in  the laydown space and no 

- wait period is required f o r  a vehicle, the laydown space time 

required is: 

6CC-U = 159 x 6 = 954 

2 4  RF (2 binloads) = 2 88 - 
1242 

Thus 2.7 spaces would be adequate o r  3 spaces would be 90% utilized. 
2.3.3 If a l l  drums (processed waste) a r e  received in STs on flatbed trucks 

(8 per  day) and the STs remain on the flatbed during unloading of ST, 

the tieup time fo r  the truck station will be: 

a. Move flatbed f rom parking a rea ,  turn and spot inside 

building airlock 6 

b. Close outer door, open inner door, move truck to uhload 

etation, decouple tractor. 

c. Unload ST 

d. Move truck out of unloading station through airlock 

8 x 213 = 1704 min. 

Thus, 3.7 truck etations a r e  required. Four  (4) stations 

. would need to be providcd (93% utilized) fo r  trucks and 

one (1) station to handlc the R F  loxcs.  



2.4 UNLOAD ATM?:/M3 

Basis and  Assr~mptions 

o Maximum of two ATMXs. (20 M3s each) a r r ive  pe r  day. . ' 

o Each M3 contains 8 55Ds. 

o On worst  day an  ATMX with 24 RFs will a lso  arrive.  

0 Flow through (in one airlock, out the other) used fo r  vehicles. 

\ o When a ra i lcar  is pushed into s ta t ion No. 1 i t  advances the 

! incumbent c a r  to station No. 2 and pushes the c a r  f rom station 

No. 3 into airlock No. 2 where i t  is picked up by a donkey.,' 

o M3s a r e  lifted 4 a t  a time f r o m  the ATMX and placed i n  

position fo r  unloading by 'a forklift. . 
o M3 lids (12 g w s t e e l )  a r e  secured by 20, 5/16 x 1, 18 UNC 

ecrews (he The ad) 
. Assume 10 minute- to remove using 

power tool. 

o M3 lids weigh 100 lbs and have .no pickup points. They will ' , < 
need to be removed by using a sling. Aesume sling attached 

to different forklift then will unload the M3s. Assume 5 minutes 

to lift, move and laydown lid. 

o Two 25 T cranes may work simultaneously on a single ATMX, 

but with the ATMX in  s t i t ion 1 o r  3 they mus t  work in -soq. 

Greater  flexibility is obtained if each crane operates to the 

maximum extent in i t s  own half of the building. 

o ~ f t e r  the 25 T has moved an  ATMX lid (s),  the lid sling mus t  .be . 
. - 

removed and a special sling o r  sti'ffback must  be attached fo r  
. 

lifting the 4 M3s. This time is included '(on the average) in  the . . 

M3 lifting cycle of 20 min per  lift. , 

o Air  inside M3 must  be sampled before lid is removed. Assume 

10 minutes per  M3. Assume sampling crew precedes lid 

removal crew in perfect rsync. (Location of sampling part  and 

method should be defined. ) 



I 
MA. 

. . 1 .  . , . - Move to laydown a r ea  and lower 1 

- Disengage 4 liftin* bars  (man must  get to top of M3s) 10 

.- Move 25 T back to ATMX 

M 3  UNLOAD, SPACE REQIJIREhlEI\;TS 

1. Assumptions 

1.1 ATMX lids a r e  17' x 10' .x 6.3" thick 

1.2 Space occupied by ST with door open is 25' x ll'. 

1.3 Space occupied by CC with doors dpen i a  24' x 8'. 

1.4 Space occupied by 8 M3s with lids removed and stacked in  W b  

s tacks ,a t  the end of the M3s is 25' x 8' min. o r  allowing 6" 

clearance between i tems,  27' x 8'6". If lids a r e  rotated 90 degrees 
,. ' 

and stacked in % single stack the uvexall dirncnaieno iacluding 

clearance would be 26' x 8'6" 

L 5 Space occupied by l.2 R F s  stacked 2 high is 24' x 7'. If 6" clearance 

ie  provided between RFs,  the space becomes 26'6" x 7'. 

1.61~6 Laydown space is needed f o r  two spreaders  fo r  removal of CCs. 

Each upreador i o  20' x 8'. 

1.7 Unloading space module should be 27' x 11'. ' 

1.8. When drums a r e  unloaded f rom STs o r  CCs three a t  a time, the md of 

maximum payload i s  2700 lbs. . . 

P- 6k J **.*J 
-, the center of the load ie 36" f rom the fork face, 

, ,,, ,, . 

. . . . . The 1 n s h e e t  
* C  I -05 

distance f rom axle centerline to fork face (4000 l b  towmotor) is 
\... - P J  ---- -- 

12 St'. Assuming the lifting device is equivalent to 800 lbs at 36". .. . 

the total load is 3500 lbs. Thus the inch-pound rating is 

(36 + l.2. 5)(3500) = 170,000. A capacity of 5000 lba a t  24" is 

required to give this rating. The minimum ais le  for  90 degree 

stacking is 94" + 48" load o r  12'. Thus, a 2.5 T forklift has the i 
ability to load by either driving onto t h e  pallet o r  reaching 
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o Two 2.5 T forklifts work simultaneously to unload 55Ds one . 

a t  a time f rom a group of M3s. , Each forklift operates in  a 

vacant laydown space; one on each side :of the M3 group. 

o As soon a s  four M3s a r e  emptied they can be reloaded on the 

ATMX (af ter  lid replacement). Pickup and unhook time is 

included in the 20 minute M3 handling cycle. i 

i! 
o As 55De a r e  removed f rom the M3 they a r e  carr ied  by the: 

forklift to a laydown a r ea  consisting of a pallet large  enough 

to hold 24 5 5 ~ s  in  a 6 x 4 array.  (6.67 pallets a r e  needed to'  

hold the 55Ds f r o m  a n  ATMX). 55Ds a r e  placed on the pallet 

by drivi'ng the forklift up a ramp onto the pallet. 

o Assume the forklift is equipped with a single drum 
. . 

Lift-0-Matic mounted so  i t  can be rotated 360 degrees  and 

have two direction translation. It a lso  has a vert ical  a r m  

to provide la tera l  support bt t h e  lower portion of the drum. 

Min. - 
o .55D unload time est imate 

a. obtain position a t  M3 . 5  

b. Lower, align gripper, engage and lift drum 2.0 

c r  Back, turn and s ta r t  run . S  

d. ~ h n  to laydown and turn . 5  

e. Inspect for  repai r  and swipe representative sample 1 . 5 '  

f . ,  Laydown, back, turn and return to M3 1.0 

g. Inventory taken on pallet, independent of handling 

process. (No cycle time involved. ) 

o The lift cycle for  removing M3s f rom a n  ATMX consists '  

ot: - Move 25 T crane with special sling into place 

- Attach 4 lifting bars  to 4 M3s (Crew on top of 

ATMX from lid removal) 6 



from either side to place d r u m s  in the center r o w d ~  It alau provide. 

some margin of safety if drums are handled four at a time. (The 

minimum aisle for a 2T forklift i s  about 11'-4". Thus no significant 

gain is made by using the smaller lift and some flexibility i s  sacrificed. 

u.' 

> 
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5.1 Calculation of Forklift size. to handle loaded psllct. 

24 drums 
ove rpacked (3 
1000 lbs ea. 

Load 

8.51 . drums 24,000 
pallet 5,000 
forks 1,000 

30,000 lbs 

Center of load i s  51" f rom fork face. F o r  trucks in 30K class ,  
' distance f rom fork face to centerline of drive axle is about . . 

24". Thus, inch-pound rating required is (51 + 24) 30,000 = 

2,250,000 inch-pounds, The truck capacity a t  30'' (towmotor 

load center distance for  trucks above 20.000 lb  c lass)  would be 

2,250,000 
.(30 + 24) = 42,000 lbs 

At 36" load center (Clark rating distance above 9 0 0 0  lbs), the truck 

capacity would be 38,000.lbs. F o r  Clark trucks both the 35K and 
. . 

40K trucks have 240" turning radius. Overall length to fork face 

is 242". Thus the machine wi thforb  would be about 26 f t  lon'g 
\ 

by 11 f t  wide. These trucks (C 1 a rk)  have gas o r  diesel engines. 

The minimum ais le  for  90 degree stacking is about 29 feet. 
, ' ,  

5.2 Calculation of forklift s ize to handle R F  boxes. 

This forklilt sh'ould handle overpacked Ws a s  well a s  regular  RFs. 

The overpacked RF is 5 x 5 x 8 and weighs up to 11.000 lbs with a 

30" load center. In the 12,000 lb c lass ,  the drive axle to fork face 

distance i s  16.13" Thus. the inch-pound rating is (30 t  16.13)(11,300)a510,000. 
, . 

The 12,000 lb capacity truck is rated a t  only 481,000 inch-pounds. 

Therefore, the next l a rger  size,  i. e., the 15,000 Tb truck is required. 

This truck has about an 18'' drive axle to fork face distance. Thus 
0 

the inch-pound rating is (30t18) (11,000) = 528,000. This is well withip 

the 628,125 inch-pound rating of the truck. 



, 

The minimum ais le  for  90 degree stacking for the 15,000 lb  &k is 

128.25" plus load length (601'), o r  188.25" (15.7.'). An ais le  width 

of 16' should be used. 

5.3 Fork  lift dimensions (approximate) . . 

Dimensions (unloaded) Min. a i s l e  fo r  , 
i 

Capacity ., Length Width 
a 90 stacking 

1 

2000 8' 3' 10' 

5.4 Hoist - 
25T with 5T aux (Shaw-Box) requires 3'3" f rom hook to ra i l  centerline 

'/ 
and 10-1/8 f rom ra i l  to column o r  wall face. That is, thd main hook 

will reach within 50" of the column face. 

The auxiliary hook, following behind the main hook, has a separation 

diatanee of 4'10". Thus, i t  will. reach within 9' of the column face. 
. .; 

With the a w  hook leading, the main hook will  reach within 100'' (8'4") 

of the column face and the a w  within 43". 

The closest  approach of the hooks to the stops i n  the direction of 

bridge travel  is 8' in one direction and 12' in  the other. 



ITEM 111 

UNLOAD LAYDOWN SPACE 

, 2. 1. Basis and Requirements 
. . 

. , 

, 
Three 'types of containers (ST, CC, M3) holding 55 gallon drums (55D) 

a r e  received a t  the unloading stations. In addition, R F  boxes a r e  ; . 
. . 

received. All containers and boxes a r e  unloaded f rom the vehicles and 

transported to a laydown a r e a  by bridge cranes. The laydown a r e a  is 

an open floor space if no airlock is ueed between the vehicle unloading . 
a r e a  and the container unloading area.  If an  air lock is  used, the laydown 

a r e a  could be eqd-opening bins with removable lids. If bins a r e  used, 

about 25 percent more  floor space will be required to  provide fo r  bin 

.walls and for a i r  sampling of STs if the sampling ports  a r e  not on the 

hinge side of the container. (The sampling location and proced'ure should 

, . be defined. If sampling can be performed before unloading the ST f rom 

the vehicle, this i s  not a consideration.) 

The 55Ds a r e  normally unloaded, two o r  three a t  a time, f rom the 

containers (STs and CCs) through end-opening doors while the containers 

a r e  in the laydown area.  The 55Ds a r e  then moved to  areceiving/inspection 

area.  However, a smal l  portion of the containers may be found to be 

. . .'contaminated on the inside. Internally contaminated containers a r e  moved 

to the overpack a r e a  for  unpacking. (If internal sampling i s  performed 

. . ' . while containers a r e  on the vehicle, contaminated containers would be 

. ' moved directly from the vehicle to  the overpack area.  ) This. f r ees  the 

. . , ' space for  other use. When containers a r e  unloaded in the laydown space, 

. . the space i s  tied up until the proper type vehicle is available in a loading 

station to  receive the container. 

Since the M3 i s  top loading, i t  must  be removed f rom the airlock bin 

- .  
(if the bin i s  used) before unloading and to f ree  the bin for other use. 

(If the airlock is  not used, the M3s would s t i l l  be moved from the laydown 

a r e a  to an unloading/receiving/inspection a r e a  before unloading, since 



access  is not available to a l l  M3e while in the laydown area. ) The M3s 

probably a r e  removed one a t  a time f rom the bin o r  laydown a r ea  to a n  

A/,> /' ccr; m t h ~ / / h ~ ~  c&iw u p e n .  

After the M3s a r e  unloaded, they a r e  moved back to a bin o r  laydown 

a r ea  to await loading onto an ATMX car.  

RFs  a r e  removed from the bin (or  laydown space), probably one a t  a 

time, to a receiving/inspecti~n area. It may be desirable to equip the 

laydown area  handling RFs with a movable dolly, so that the entire load 

(120,000 lbs) can be moved from the laydown a r ea  for forkljfe access  to  

the long side of the RF. 

In summary, the quantity of items moving into and out of the laydnwn 

space for  the various types of containers and waste received, are :  

Received Bin Quantity -Item 

Item (waste) fn Top Our Top Out End In End 

Supertiger/ Processed 1 -ST 1 -ST 33-55D ' '.- 
Supertiger1 Unprocessed 1 -ST 1 -sBr 42-55IS - 

.' .  " . . 

Cargo Container/ Processed 1-CC 1-CC 43-55D -. 
e d 

1-CC 60-55D c Cargo Container/ Unproces7/ 1-CC 

Mark 31Processed 10-M3 10-M3 10 -M3 10-M3 

Mark  3/Unprocessed 10 -M3 10 -M3 10 -M3 10-M3 

Mark 3/Undrummed 10 -M3 i 10 -M3 - 
Rock Flats  Box 12 -RF - 12 -RF - 



The ar rangement  of i t ems  in the bin o r  laydown spade and in the 

containers i s  indicated in  the following sketch. I t  c a n  be observed that: 

o If 4 M3s a r e  c a r r i e d  in  a single l ift  by the unloading crane ,  10 M3s , ' 

(2.5 l ifts) can be loaded into a n  a i r lock  bin by lowering t o  nea r  the 

bin floor and moving two of the four M3s under the b in  top deck. 

(The center  of gravity remains  about 2 fee t  c l e a r  of the deck.) 

o To load 10 M3s ( 4  p e r  l ift)  into each  bin, the loading sequence would 

be : 

1. Load 4 M3s into bin "a" nea r  the door  

2. Lower 4 M3s a t  r e a r  of bin "a", leaving two at wall  

3. C a r r y  2 M3s to  bin "b" and deposit  at r e a r  wall  . . 

4. P l ace  4 M3s a t  center  of bin "a" . . 

5. P lace  4 M3s in bin t%b" nea r  door 

6. P lace  4 M3s in center  of bin "bu 

o Ten  M3s in  a bin is one-half a n  ATMX carload (This i s  desirable) .  

0 Twelve R F s  in  a bin is a l so  one-half a n  ATMX carload (This is a l so  

desirable).  

o With the a r rangements  shown, a single bin s ize  and shape will  

accommodate a l l  four  containers.  

o The minimum dimensions fo r  the bin appear  t o  be: 

Bin inside - 12'x 27' 

Hatch opening - 9'6" x 22' 

Door opening - 10' x 101 

o An S T  with inside dimensions of 76" x 76" x /72" long will hold 42 

55Ds in 3 columns of 7 each. To  unload 2 a t  a t ime by forklift would 

present  difficulty. (When d r u m s  are 3 p e r  row, i t  i e  difficult to 







pick up two per  lift without having drume moved about between iifts. 

A man would have difficulty moving a 900 lb drum by hand. ) Therefore, 

drume should be removed one a t  a time o r  3 a t  a time. 

o Above comments .regarding unloading also apply to the CC. 

o If magnetic coupling to drums can be used (this is being investigated), 

and there is sufficient head room inside the ST and the CC, the drume 

might be picked out three at  a time by forklift. (Other means of drum 

removal, aiieh as 11Llft-6-Matlcr1, arc a180 being investigated. 

o Portable ramps will need to be used with the ST and CC to allow the 

forklift to enter the container. These ramps will need to be stored when 

'not in use. 

o At least one laydown space will need to be equipped with a dolly 

, (50,000 lbs capacity) for transport of occasional ST6 or  CCe (internally 

contaminated) to the overpack area. 

o A practical means of removal of the M3s and RFs from the laydown 

area will need to be determined. (More detail on the configuration of 
, . 

the M3 and R F  is needed as  a basis fo r  this determination. ) CStPe poorl- 

bility is to install a roller floor in some of the layduwk~ epaces. Tho 

rollers would extend about 8 feet beyond the roll up doors (if bins used) 

allowing M3s and RFs to be pushed or pulled into the working aisle for 

access by a forklift. Undesirable features of this approach a re  that 

it adds the cost of rollers, makes some laydown spaces different from 

. others and adds an activity (lateral rolling movement) to the unloading 

sequence. 

o It appears that M3e can be removed one at a time.from the l'aydown 

area by means of a forklift. There appears to be adequate head room, 
. 

and-a boom attachment appears feasible for lifting the M3. 
---. .---- ---.---- --- .-. ,- 



o Placing of RF boxes in the laydown space f rom above and removal 

from the end of the space can be visualized for two alternative 

configurations; one with the long dimension of the RF paral lel  to the' 

long dimension of the bin; the other with the long R F  dimension per-  

pendicular to the long bin axis. 

o If the R F  and bin major axes a r e  parallel, the RFs can be loaded' . . 

easily, four a t  a time, into the bin. However, unloading through 

the end of the bin may present a problem. The slings used to  unload . . 

the RFs from the vehicle and transport  to the bin will have been 

removed by the overhead crane for re turn  to the sender in the ATMX. 

The only access under the R F  is f rom the long dimension side. ' .  . . 

There a r e  no.other pickup points. Two approaches to remoyal f rbm the 

bin a r e  apparent: a special boom device with pendulous a r m s  to grip . ' 

an R F  from above, o r  a means of sliding the RFs (on rol lers  o r  dollies) . . 

through the bin door to provide forklift access to the long dimensipn of : . 
.. 

the RFs. Both of these approaches would entail the cost of special 
, 

equipment development for  a low utilization activity. In addition, 

ro l lers  would need to be covered o r  dollies removed for bin use with 

a CC o r  ST. 

o If the R F  and bin major axes a r e  perpendicular, the RFs cannot be .. 

loaded, four a t  a time, into the bin through the 22-foot long top 

opening indicated. This constraint could be removed by a 

removal section of top deck about 3 by 9 feet a t  the door end of the .bin. 

(This constraint does not exist if the airlock concept is not used. ) . . ' 

With the R F  and bin major axes perpendicular, the RFs  can be removed 

through the bin door, one at  a time, by conventional forklift. This 

approach appears to be the simplest and least costly of the alternatives 

and i s  the preferred approach. 



2.2 Time Es t ima te s  

A container laydown station o r  a i r lock  bin i s  "tied up" o r  utilized 

f r o m  the t ime i t  i s  designated to  receive a container(s)  until the 

container(s)  i s  removed and the space i s  available t o  receive 

another  shipment. Thus, the act ivi t ies  that de te rmine  the t ime  

cycle f o r  laydown space utilization a r e :  

a )  move container(s)  f r o m  vehicle t o  laydown 

b )  close bin lid (if a i r lock used) 

c) open bin door (if a i r  lock used) 

d )  Sample a i r  inside container (ST o r  CC). This 

should be done while container i s  on  the vehicle, 

r a t h e r  than in  the laydown space. 

e )  Open container door (for ST and CC only) 

f )  P l ace  r a m p  (ST and C G  only) 

g) Empty container (if ST o r  CC) o r  laydown space 

(if R F  o r  M3) 

h)  Close container door(s )  (ST o r  CC) 

i) Close bin door (if a i r lock used) 

j) Open bln lld (I f  a i r lock  used)  

lc) Wait  for propor typo vohiale to be spotted ( i f  

S T  o r  CC). 

1 ) Move ST o r  CC f rom laydown space  to vehicle. 



Time cycle es t imates  for  the four types of containers ,  two types of waste,  

and three types of vehicles,  follow: Min. - 
1. Supertiger Processed  Waste (ST-P),  F l a t ca r  o r  Truck,  Bin 

1 
Airlock, Sample a i r  a t  laydown, wait fo r  vehicle. 

1. 1 Move S T - P  f r o m  Fla tcar  to  laydown, disengage sling and 

c l e a r  top of bin, 8 

. 1.2 Close bin lid 5 

1.3 Open bin door (door and lid a r e  interlocked) 2 

1.4 Sample air in ST 15 
. . 

1.5 Open ST door (unbolt and swing back two doors  in  sequence) 15 

1.6 P l ace  r a m p  on floor 

.. . 1. ? .Remove 33 55Ds f r o m  ST (3 pe r  l ift)  

(Is there  dunnage to  remove? ) 

Assume foxklift used to  en ter  ST, engage three  d rums ,  

backout, turn, t r ave l  20 ft., re lease  d r u m s  on conveyor, 

, . turn, r e t u r n  20 ft. to  ST (4 rninlcycle) 

1.8 pernove r a m p  f rom floor and s to re  

. . 
: 1.9 'Close ST doors  

, . . .  
. .  . 

. . . .. ' , 1'. 10 Close bin door 
. . .  . .. . 

. .  , 1. 11 Open bin lid 
, . 

1. 12 Wait for  available of proper  f la tcar  o r  t ruck 

1, 1 3  Move S T  f rom laydown to f la tcar  o r  t ruck 



. . 
2. Supertiger, Unprocessed Waste (ST-U), Flatcar o r  Truck, Bin 

Airlock, Sample a i r  at laydown, wait for vehicle. Min. - 
1. 1- Time elements from moving the ST through 

1.6  placing ramp on floor a r e  the same as Case 1. 55 

1.7 Remove 42 55Ds from ST (3 per lift). Assume 

4 minllift  cycle. 

1.8- Time elements from removing ramp through 

1. 13 returning ST to vehicle a r e  the same as  Case 1. 



3. Supertiger, Processed Waste (ST-P), ST remains on Flatbed 

.Truck, No airlock. 

Min. - 
3. 1 Sample a i r  in ST. 15 

3 . 2  Open ST door (unbolt and swing back two doors 

in sequence). 

3.3 Place ramp on floor 

3 .4  Remove 33 55Ds from ST (3 per lift). Assume there 

a r e  sufficient forklifts operating so  that a forklift 

approaches the truck bed as  soon a s  the approach is 

cleared by .the previous forklift (assume 4 min/cycle). 44 

3.5 Remove ramp from floor and store 

3.6 Close ST doors 
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TRU SHAFT S I N K I N G  PROCEDURE 

No dcvelopnlent on t h e  TRU Level  except  f o r  30 f e e t  of t h e  s t a t i o n  on 

bo th  s i d e s  of t h e  s h a f t  w i l l  be  done o f f  t h e  TRU s h a f t .  Therefore ,  a s  

s t o r a g e  o p e r a t i o n s  a r e  n o t  t o  begin  u n t i l  May 1, 1983, t h e  s i n k i n g  of  t h i s  

s h a f t  can  b e  done r e l a t i v e l y  l a t e  du r ing  c o n s t r u c t i o n  of  t h e  WIPP f a c i l i t y .  

However, i ts  s i n k i n g  w i l l  i n t e r f e r e  w i t h  c o n s t r u c t i o n  of  t h e  TRU Bui ld ing  ou 

s u r f a c e  s o  t h e  s i n k i n g  o p e r a t i o n s  w i l l  have t o  be ' s chedu led  t o  b e  compatible . 

wi th  t h e  s u r f a c e  cons t ruc t ion .  

The s i n k i n g  and g rou t ing  methods developed i n  the  conceptua l  des ign  f o r  , ' 

t h e  TRU S h a f t  a r e  shown on s h e e t  A7 of Drawing No. 94569. E@A N d .  9  and t h e  

21  po ta sh  e v a l u a t i o n  h o l e s  provided t h e  m a j o r i t y  O K  t h e . i n f o r m a t i o n  used as , 

a b a s i s  t o  formul-ate t .h i s  s h a f t  s.i.nking p lan .  Thus, i t  is  based upon ex- 

t remely l i m i t e d  i n £ o n . ~ a t i o n .  

The TRU S h a f t  sixiking program developed f o r  t h e  conceptua l  d e s i g n  can 
1 

be  desc r ibed  i n  a  s t epwise  manner a s  fo l lows:  

1. Con t~ rac to r  s ~ t s  up h i s  temporary e lec . t r ic ; i l  s y s t e n ?  h o i s t  and cow- 

p r e s s o r s .  

2. Excavate t h e  s h a f t  c o l l a r  a r e a  r o  a t  l e a s =  a 14-foot depth  wi th  

e i t h e r  2 c l a m ~ l l e l l  bucket  o r  backhoe equi,iuant.  

3 .  POLTII and i.nstal.1 t h e  necessa ry  re l>sr  £03.- che s h a f t  c o l l a r .  

4. Poilr t l ie s h a f t  col-1a.r. 

5. Coz:zlencc_ a c t u a l  s h a f t  s i n k i n g  f o r  G 20. f o ~ t  d iameter  e scava t ion  

and e s t a b l i s h  t h e  d r i l . l i n g  and b l a s t i c g  p . l t t c r n ,  dep th  of round, 

etc..  wh i l e  muci~ing wi th  a  c la inshel l  sho.\?cl. Concurrent  w i t h  t h e  

sinlcing ope ra t ion ,  i n s t a l l  an 15-inch thizlc s h a f t  c o n c r e t e  l i n i n g  a t  

pour i n t e r v a l s  s u i t a b l e  f o r  t h e  ground coaditioi1.s. . I f  problem a r e a s  

a r e  encounccrerl, t h e  s h n f t ~ w a 1 . l ~  a r e  s h o t c r e t e d  a s  necessa ry  p r i o r  

t o  c0ncret io.g t o  i n s u r e  a  s a f e  and e f f i c i e n t  s i n k i n g  and l i .n in& 

. . opera t ion .  



th rough t h e  sa l t .  However, as s i n k i n g  p rog res ses ,  s e c t i o n s  may b e  

encountered where s i l t s t o n e  and s h a l e s  p r e s e n t  l o o s e  ground con- 

d i t i o n s .  I n  t h e  even t  t h a t  cond i t ion  develops ,  roof b c l t s  ? r a  cy r ' g - r  

s c r e e n  a r e  used t o  s e c u r e  t h e  s h a f t  w a l l s .  Spray-mortar,  i .e. ,  

g u n i t e  o r  s h o t c r e t e ,  i s  tllen a p p l i e d  t o  prevent  f u r t h e r  a i r  s lack-  

i n g  of  t h e  s h a l e  members. 

S inking  is  cont inued t o  t h e  s h a f t  bottom l o c a t e d  1 3  f e e t  below 

t h e  anti,c:ipsted f l o o r  e l e v a t i o n  o f  t h e  TRU Level  t o  minimize f l o o r  

damage 04 t h e  TRU Level  and a l s o  t o  a l l o v  examination of t h e  bed- 

d i n g  C? det .=rmine t h e  f i n a l  mining I ~ o r i z o n .  Excavation of  t h a t  

p o r t i o n  o f  che s t a t i o n  done o f f  t h e  s h a f t  i s  s t a r t e d  usi.ng t h e  work 

deil: a s  a d r i l l i n g  . pla t form.  . The s t a t i o n  excava t ion  (30 f e e t  on 

e i t h e r  s i d e  of t h e  s h a f t )  proceeds w i t h  '130th s i d e s  advanced con- 

c!lrrcntly w i t h  a  c y c l e  of d r i l l i n g  on one s i d e  whi le  mucking on 

t h c  o t h e r ,  

As t h i s  s t a t i o n  h a s  a  l a r g e  cross-sc?c t ional  a r e a ,  i t  is  mined 

by benching t o  f a c i l i t g t e  a c y c l e  of d r i ! l i ng ,  b l a s t i n g ,  mucking 

and roof bo l t i n g .  Removal of  t h e  sal t :  e::csvatcd i n  t h e  s t a t i o n  is  

done us ing  corcpresacd a i r  opera ted  tugge.:: l l o i s t s  t o  s l u s h  m a t e r i a l  

t o  t h e  s h a f t  f o r  l o a d i c ~  i n t o  t h e  sin1cin.f; s k i p .  

10.  Upon co111p:etion of  t h e  TRU Level  S t a t i o n .  e s c a v a t i o n  f o r  t h e  con- 

c r e t e  s t a t i o n  s i l l  i s  completed, t hen  formed and t h e  conc re t e  

poured. 

11. Complete t h e  s h a f t  bottom. 

1 2 . '  Kemovc s h a f t  s i n k i n g  cqui-pment, a l l  tenpcsrary u t i l i t i e s  an.d ven t i -  

l a t i o n  equipment froiu s h a f t  . 
13. I n s t a l l  t h e  s h a f t  convr.yances. 

1 4 .  Remove a l l  of t h e  s h a f t  c o n t r a c t o r ' s  s h a f t  equipment from t h e  

job  s i t e .  



. . . . 
When t h e  cl.amshel1 becomes i n e f f i c i e n t . f o r  muck removal, a 

s i n k i n g  haadf rame, h o i s t  and s i n k i n g  bucket  a r e  i n s t a l l e d  and 

. . uaad. (This  w i l l  probably occur i n  t h e  depth  range  of  50 t o  60 

f e e t . )  

I n i t i a l  v e n t i l a t i o n  f o r  t h e  s i n k i n g  o p e r a t i o n  i s  e s t a b l i s h e d  

u t i l i z i n g  tub ing  w i t h  a p o s i t i v e  blowing system. L a t e r ,  when 

s i n k i n g  a t  a g r e a t e r  depth,  i t  w i l l  be  more e f f i c i e n t  i f  an  exhaus t  

v c n t i l a t i o n  system is used because t h e  b l a s t i n g  fumes w i l l  b e  

. . c lea red  f a s t e r  from t h e  s h a f t  bottom. 

6 .  I n s t a l l  a mu'ltideck s i n k i n g  s t a g e  w i t h  11o:ist. These a r e  t hen  used 

t o  comp3.cte ;he s h s f t  s ink ing .  

7. Oc.x?ence i n s t a l l . a t i o n  of s h a f t  s e t s  and g;lides. 

.' 8.' . Resume s h a f t  s i n k i n g  and i n s t a l l a t i o n  of t h e  c o n c r c t c  l i n i n g ,  s h a f t  

. . s e t s  and gui..les through t h e  l i n e d  s e c t i o n  of  t h e  s h a f t .  The on ly  

p o t c n t f a l  f l u i d  zones known a t  t h i s  t i m e  :ire t h e  Pfagenta and Culebra 
. . 

' DolomiGes i n  t h e  R u s t l c r  Po rna t ion  and tiy: c o n t a c t  between t h e  R u s t l e r  

. ,and Solado Porniations. I f  g rou t ing  of th(:se zoncs becomes necessary ,  
4 .  

t h e  suggested procedures a r e  shorm on shct!t A4 of D r a ~ . ~ i n g  No. 34569: . 
. . 

. . Thc sha: i t  l i n i n g  i s  conti.nued i n t o  tllc.  Salado Forna t ion  u n t i l  

a compctcctr. .iornatj.on is  reached t h a t  i s  : ; u i t a b l e  For e f f e c t i n g  a  

water  t i g h t  a c a l .  There a r e  s e v e r a l  anhyt l r t te  bcds nea r  t h e  top  of 

t h e  Soledo Fvrnat ion  wl~hich, i f  p r e s e n t  a s  expectc.d, s110!1ld be  . 

good ~ ~ i ~ d i d a c c ~  f o r  t h i s  purpose. The bot:tom of t h e  l i n i n g  i s  then  

fo 'mcd and !:eyed t o  provide a b e a r e r  set a n d  w a t i . r  r n l a l r c t i n g  r i n g .  

9. Resume s ink ing ,  b u t  st a  20.5-foot d iameter .  Th i s  w i l l  a l l o w  s h a f t  

c l o s u r e ,  due t o  s t r e s s  :Lnduced c reep ,  t o  occur over  t h e  s e r v i c e  

l i f e  of t h e  s h a f t  wi thout  i m ~ o s i n g  t h e  requirement f o r  l a t e r  en large-  

ment. Severe ground problen~s  are no t  espec ted  wh i l e  s i n k i n g  



RH SHAFT S I N K I N G  PROCEDURE 

No dev~ lopu ien t  011 t h e  EM Level  except  f o r  t h e  underground t r a n s f e r  

cel.1. w i l l  b e  done from 1:he KI.1 Sh.aft.  Therefore ,  a s  s t o r a g e  o p e r a t i o n s  a r e  

n o t  t o  begin u n t i l  Piay I., 1983, t h e  s i n k i n g  of t t is  s h a f t  can  b e  done r e l a -  .: 

t i v c l y  1n.t.e du r ing  c.onr;truction of t h e  WIPP f a c i l i t y .  llowever, i ts  s i n k i n g  

w i l l  int:p.xferc w i t h  c o n s t r u c t i o u  of t h e  RH Bui.lding on s u r f a c e  s o  t h e  s i n k i n g  

o p e r a t i o n s  w i l l  have t o  be scheduled f o r  compa t ib l i t y  w i t h  t h e  s u r f a c e  con- 

s t r u c t i o a .  

ERDIL No. 9 alld t h e  21  po ta sh  e v a l u a t i o n  h o l e s  provlded rhe ma3uriLy ul 

tho  i~z fo rmz t ion  used a s  a b a s i s  t o  formula te  t h e  shaft s i n k i n g  p lan .  Thus, , 

the s h a f t  s i n k i n g  p l an  i s  based  upon extremely l i m i t e d  informat ion .  Sheet  A3 

of Drawing No. 94567 shows t h e  s i n k i n g  and g rou t ing  methods developed d u r i n 2  

t h e  concep tua l  des ign  f o r  t h e  Rl! Shaf t .  

The RII Sha f t  s i n k i n g  program developed f o r  t h e  conceptua l  des ign  i s  

d e s c r i b e d  i n  a s t epwise  manner as fo l lows:  

1. Cont rac to r  sets up h i s  temporary r l e c l r l c a l  system, h e i o t  and aom- 

yrasSoL'Y. 

2. Excavate t h e  s h a f t  c o l l a r  a r e a  t o  a minimum d e p t h  o f  1 4  f e e t  u s i n g  

e i t h e r  a c l a n s h e l l  bucket  o r  backhoe eqg~ ipmen t .  

3 .  I n s t a l l  t.he c o n c r e t e  forms and r c b a r  f o r  t h e  s h a f t  c o l l a r .  

4. Pour t h 2  sI.aft c o l l a r .  

5. Comncnce a c t u a l  s h a f t  s i n k i n g  a t  a 11-f3ot  dlanete~ and e s t a l ~ l i s h  

t h e  d r i l l i l ~ g  and b l a s t l n g  p a t t e r n ,  dep th  of round, e t c .  whilc 

, mucking w i ' h  a c l a n s l l e l l  shove l .  The 18- inch  t h i c k  s h a f t  c o n c r e t e  

l i n i n g  i s  >oured c o n c c r r c n t l y  a t  s u i t a b l e  pour i n t e r v a l s  dependent  

upon ground c o n d i t i o n s .  The s h a f t  w a l l s  through p r o b l e n ~  a r e a s  a r e  

s h o t c r e t c d  aa necessa ry  p r i o r  t o  2oncr t . t ing  t o  i n s u r e  a  s a f e  and 

e f f i c i e n t  sin!cing and lining o p e r a t i o n ,  



E f f i c i e n t  u s e  of t h e  c l a n s h e l l  £07. muck reinoval i s  a n t i c i p a t e d  

t o  b e  i n  t h e  range  of 50 t o  GO f e e t .  \ h e n  t h i s  o p e r a t i c ?  becomes' 

i n e f  fic5.c" t , a  sinG.ing hezdf r a m ,  . h.oist: and s i n k i n g  bucket  a:re i n -  

s t a l l . ed  an3  used u n t i l  l a t e r  r e p l a c e d  . ~ i t h  t h e  permanent h o i s t  

system. . . 

V e n t i l a t i o n  f o r  t h e  s i n k i n g  o p e r a t i o n  is  e s t a l ~ l i s h e d  us'ing 

. . . 
t u b i n g  and a p o s i t i v e  blowing s y s t e n .  L a t e r  on ,  a t  a deepe r  dep th ,  

it w i l l  be  more e f f i c i e n t  t o  u s e  an e x h a u s t ' v e n t i l a t i o n  sys tem f o r  
. . 

c l e a r i n g  t h e  b l a s t i n g  fumes from t h c  S h a f t  b o t t o n .  

6 .  I n s t a l l  a n ~ i l t i d e c l c  s i n k i n g  s t a g e  w i t h  i t s  h o i s t .  The n u l t i d e c k  

s t a g e  e n a b l e s  s e v e r a l  work t a s k s  t o  proceed c o n c u r r e n t l y  f o r  max- 

imum e f f i c i e n c y  by a l l o w i n g  d r i l l i n g  and mucking i n  t h e  bottom t o  be  

done a t  t h e  szme t i m e  as t h e  l i n i n g  o p e r a t i o n  (forming,  p l a c i n g  

c o n c r e t e  o r  removing f o m s )  o r  w h i l e  sets and gu ides  a r e  be ing  in -  

s t a l l e d .  T h i s  mu l t ideck  s t a g e  is  used u n t i l  comple t ion  o f  t h e  s h a f t  

s i n k i n g .  . . 

. . 

7. Cornu~ence i n s t a l l a t i o n  of the s h a f t  s e t ?  add gu ides .  

8. Resume s h a f t  :; inking and i n s t a l l a t i o n  o f  t h e  c o n c r e t e  l i n i n g ,  

s h a f t  s e t s  an.1 guides  through t h e  upper 15.ned s e c t i o n  of  t h e  

s h a f t .  

Continue t h e  s h a f t  l i n i n g  through a l l  t h e  p o t z n t i a l  w a t e r  

b e a r i n g  zones and i n t o  t h e  Salado Formation u n t i l  a competent f o r -  

mation Is reached t h a t  can  be used t o  e f f  zc t  a wa te r  t i g h t  s e a l .  

S e v e r a l  anhyc ' r i te  beds a r e  expected  t o  be  p r e s c a t  n c a r  t h e  t o p  of  

t h e  Solado F c n ~ t i o n  and one of  t h e s e  s h o l l d  be  a good c a n d i d a t e  f o r  

t h i s  p~irpo81!. Thc hottoxi1 of thc'. linS.:lg i s  then  fprmed and keyed $0 

a3 t o  p rov idc  a bearer s e t  and waL.cr c u l l e c t i n g  r i n g .  



A t  t h i s  t ime ,  t h e  orlly kno-m p o t e n t l a l  f l u i d  zones a r e  t h e  

Piagenta and "h. lebra Doloniites i n  t h e  R u s t l e r  F o r m t i o n  and,  pos- 

s i b l y ,  a z0n.c a t  o r  n e a r  t h e  contr lct  between t h e  R u s t l e r  and Solado 

Format;ions. Tine sugge:;tsd g r o u t i n g  proc.c.dures t o  be  used ,  i f  

r e q u i r e d ,  a r e  shown on s h e e t  A3 of Drawir~g No. 94567. 

9. Cont inue  s i n k i n g  o f  t h e  s h a f t  a t  a  9-foot  diarueter  t o  'an approxi -  

mate  d e p t h  of  2175 f e e t  and t h e n  a t  a d inme te r  o f  1 0  f e e t  t o  t h e  

s h a f t  bot tom. These. i n c r e a s e d  s h a f t  d i ame te r s  p rov ide  a n  a l lowance  

f o r  t ho  closure r e s w l t i a g  f r n m  stress induced c reep .  

S h a f t  s i n k i n g  through t h e  sa l t  i s  n o t  expected  t o  p r e s e n t  any 

ground problems. However, t h e r e  may b e  s e c t i o n s  where s i l t s t o n e  

and s h a l e s  p r e s e n t  l o o s e  ground c o n d i t i c n s  a s  s i n k i n g  p r o g r e s s e s .  

Should t h i s  c o n d i t i o n  develop ,  roof  b o l t s  and cyc lone  s c r e e n  a r e  

used  f o r  s e c u r i n g  t h e  s h a f t  w a l l s .  I f  deemed a d v i s a b l e  a t  t h e  t i n e ,  

s p r a y - n o r t a r ,  i . e .  g u n i t e  o r  s h o t c r e t e ,  i s  a l s o  a p p l i e d  t o  p reven t  

f u r t h e r  a i r  s l a c k i n g  o f  t h e  s h a l e  members. 

10 ,  A t  t h e  d.epth of t h e  RH Level ,  t o  improve v e n t i l a t i o n ,  excava te  a 

minimal s i z e d  tc:mpornry breakthrough t o  t h e  s h a f t  e n t r y  t rave lway 

mined previousl:.r by a cont inuous  miner. The Underground Trans fe r  

C e l l ,  because  oE i ts  h e i g h t ,  is b e s t  mined by benching to, al low'  

d r i l l i n g  and mucking s imul taneous ly .  Roof suppor t  i s  i n s t a l l e d  a s  

d i c t a t e d  by t h e  ground c o n d i t i o n s .  All. excava t ion  of t h e  Underground 

T r a n s f e r  Ce l l  js c o ~ ~ l e t e d  v i a  t h e  r3I S h a f t .  The s h a f t  is completed 

when t h e  sump i .~_I~)iq t l i e  f l o o r  of  tlie Transfrtr C e l l  i s  completed. 

11. Remove a l l  s h a f t  s i n k i n g  equipn~*nt ,  tempora :y u t i l i t i e s  and v e n t i l a -  

t i o n  equipnent  from t h c  s h a f t .  

12 .  I n s t a l l .  t h e  s h a f t  -conveyances. 

13.  Rem~ve a l l  of t h e  s h a f t  c o n t r a c t o r ' s  s h a f t  equipment from t h e  

jgb  s i te .  



. . 

. . .  .MAN AND WTERIALS SHAFT PROCEDURE 

. As with a l l  0.i the  s h a f t s ,  , t h e  major i ty  of the information used a s  a  

briaic t o  formulnte t h i s  s h a f t  sinlciug plan was obta ined from the  21 potash 

eva.!.uation h o l e s  aiid EPJ)A >!o. 9. By n e c e s s i t y ,  the re for&,  it is  based 

upon e n t r m e l y  l i ~ : : . t e d  i n f o r z i t i o n .  The conceptual  s h a f t  s ink ing  program 

tjevcitopcd f o r  'ihe Ihn  and 21a.terial S h a f t ,  along wi th  t h e  sugges'ted g rou t ing  

. . proc.eduro.s, a r e  s l ~ l ~ r n  on shee t  A5 of Drawing No. 94571 and can be descr ibed 

i n  a s tepwise  mnnc:.r a s  follows: 

1. Contractor  s e t s  up h i s  temporary e l e c t r i c a l  system, h o i s t  and corn- 

p ressors .  

2. Excavate the shaft .  c o l l a r  a r e a . t o  a depth of 14 f e e t  us ing e i t h e r  

. a clarnshc.ll bucket o r  backhoe equipment. Also excavate t h e  per- 

manent keadfsane faundatlon concurrent ly  wi th  the  s h a f t ' c o l l a r .  

3.  Form and i n s t a l l  the  necessary  rebar  f o r  both t h e  s h a f t  c o l l a r  and 

headf rane foundation.  

. . 4. Pour t h e  s h a f t  col.1ar and t h e  headframe foundation u t i l i z i n g  a  

monol i th ic  concrete  pour. 

5. Couunencc a c t u a l  s inking f o r  a 26-foot diameter excavat ion and 

e s t a b l i s h  a  d r i l l i n g  and b l a s t i n g  p a t t e r n ,  depth of round, e t c .  

whi le  mucking wi th  t h e  c lamshel l  shovel.  I n  conjunct ion w i t h  t h e  

. s inking operat ion,  Four an 18-inch t1,ick concrete  l i n i n g  a t  pour i n t e r -  
. , 

' . . . v a l s  s u i t a b l e  f o r  the  ground condition.: encountered. I n  any prob1e.n 

a r e a s  encour~tered,  s h o t c r e t e  a s  necessary  p r i o r  t o  concre t ing  f o r  

.a safer and more e f f i e f e n e  s ink ing  arid l i n i n g  aperat ion.  

It is  a n t i c i p a t e d  t h a t  use  of t h e  c l a n s h e l l  f o r  muclc removal 

w i i l  be e f f i c i e n t  only down t o  a depth of 50 o r  60 f e e t .  When 

use of the clamshell  becones ine f f  i c i c n t  , then a sinlciilg hcad- 

frame, h o i s t  and sinl:ing bucket a r e  i n s t a l l e d  and used u n t i l  re-  

' placed ar a l n c e r  cliue by ehc peEnaileiie h o i s t  system. 
. , 

.L '.> 



Venti lat i .011 f o r  t h e  s i n k i n g  o p e r a t i o n  i s  i n i t i a l l y  e s t a b l i s h e d  

w i t 1 1  1 : u b i n ~  and. a pos i t j .ve  b l o w i : ~ ~ ,  sysl:em. L a t e r ,  a t ' a  g r e a t e r  

d e p t h ,  i t  j.:: rep1acc.d by a n  e:chnust v e n t i l a t j . o a  system f o r  g r e a t e r  

e f f  lc.isuc); i n  c l e a r i i l g  t h e  b l a s t i ~ l g  fulaes from t h e  shaf  C b o t t c u .  

6 .  I n s t a l l  cr n u l t i d e c k  s i n k i n g  s t a g e  and h o i s t .  These a r e  t h e n  used 

t o  c o ~ p l e t ?  t h e  s h a f t  s i n k i n g .  

7. Com.mcnce i n s t a l l a t i o n  of t h e  s h a f t  s e t s  and guides .  

0. Resums ahaf t o i n k i n g  and i n s t s Z l a t i o r i  of t h e  concret.P. 1 !nine, 

s h a f t  sets and gu ides  th rough ,  t h e  l i n e d  p o r t i o n  of  t h e  s h a f t .  

The Plagenta and Culebra  Dolomites in t h e  R u s t l e r  F o m t i o n  and t h e  

c o n t a c t  between t h e . R u s t l e r  and Solado Formations a r e  t h e  on ly  po- 

t e n t i a l  f l u i d  zones  known a t  t h i s  t ime t h a t  w i l l  b e  encountered  i n  

t h i s  s h a f t .  I f  g r o u t i n g  of  t h e s e  zones i s  r e q u i r e d ,  t h e  p rocedure  

r ccomendcd  i s  shown on s h e e t  A 5  of  Drawing No. 94571. 

Thq s h a f t  l i n i n g  ex tends  i n t o  t h e  Salado Formation t o  t h e  

f i r s t  competent fo rma t ion  reached t h a t  can b e  used to e f f e c t  a 

water t i g h t  s e a l .  The i n fo rma t ion  avai1abl.e a t  t h i s  t i m e  i n d i c a t e s  

t h a t  t h e r e  a r c  s e v e r a l  a n h y d r i t e  beds near  t h e  top  of t h e  Solado 

Formation which w i l l  be good cand ida te s  f o r  t h i s  purpose. The 

bottom of t h e  s h a f t  l i n i n g  i s  formed and keyed i n  t h e  a n h y d r i t e  

bed se1ecte.d t o  provide  a 1)earer  s e t  znd water  c o l l e c t i ~ l g  r ing .  

9. Nt :e r  t h e  con.c.iete l i n i n g  i s  completed, t h e  l a s t  Etsge  of forms 
. .. 

are r e u o v ~ d  and, i f  dcemed more e f f i c i m t ,  t h e  s t a g i n g  i s  nodi- 

fled t o  a double  deck sLr!ge f o r  i n s t a l l a t i o n  of s h a f t  s e t s  011l.y. 

1 0 ,  l<econ:~ence s i ~ ~ l i i n g ,  o ~ l l y  2 t  a 25.5-foot d i a a e t e r .  This  i s  done t o  

a l low f o r  t h a t  shaf t  c l o s u r e  which \ a i l 1  occur as a  r e s u l t  of  

t h e  a t r c c s  Lnduced c rcep .  A srnz.11 puwp s t a t i o n  i s  excavated a t  a 

rcasor!nll:? d i s t a n c e  below t h e  watkr  r i n g .  The water  c o l l e c t e d  i n  



. . 

t h e  water r i n g  i s  p iped  t o  t h i s  pump s t a t i o n  where it  is  t h e n  

pun!pcd t o  sul-faca f o r  Cl.j-sposa1. 

1ns t a l . l  t h e  pernlsncnt headframe, b i n ,  h o i s t  and a s u r f a c e  

sa l t  conveyor d i s p o s a l  system. Th i s  can. be done a t  any t i m e  

du r ing  t h e  s h a f t  s i n k i n g ,  b u t  t h e  e a r l i e r  i t  i s  done, t h e  more it  

b e n e f i t s  t h e  s h a f t  c o n t r a c t o r  w i t h  h i s  muck removal, The pro- 

d u c t i o n  hoist: i s  brought  i n t o  s e r v i c e  f o r  milclc handl ing  w i t h  

balanced self-dumping s i n k i n g  buckets  a s  soon a s  i t  is ready 
. . 

. . 

fo l lo<aing  e r e c t i o n  of t h e  hcadframe. 

It i s  no t  e spec ted  t h a t  any seve re  ground problems w i l l ' b e  

encountered wh i l e  s i n k i n g  through t h e  salt .  However, t h e r e  may 

b e  s e c t i o n s  of t h e  s h a f t  i n  which s i l t s t o n e  and s h a l e s  p r e s e n t  

l o o s e  ground cond i t ions .  To prevent  undue de l ay  i f  t h i s  occu r s ,  

roof b o l t s  and cyclone s c r e e n  a r e  used t o  s e c u r e  t h e  s h a f t  w a l l s .  

Spray-mortar, i . e . ,  g u n i t e  o r  s h o t c r e t e  can b e  app l i ed  t o  p reven t  

f u r t h e r  a i r  sl .acking of t h e  s h a l e  members. 

S ink ing  is  cont inued t o  1 5  o r  20 f e e t  below t h e  a n t i c i p a t e d  

f l o o r  e!.t:vation of t h e  TRU Level .  Th i s  a d d i t i o n a l  d i s t a n c e  w i l l  

t h c n  min:i.size f l o o r  damage a t  t h e  s t a t i o n  and a l s o  a l l o w  examin- 

a t i o n  o f  t h e  beddin.g t o  determine the f i n a l  mining ho r i zon .  

F u r t h e r ,  it a l s o  reduces  t h e  p o s s i b i l i t y  of b l a s t i n g  da rage  when . . 

s i n k i n g  5.s resumed. 

11. Excavat ic~n of  t h e  s t a t i o n  on t h e  TRU Leve l  i s  s t a r t e d  u s i n g  t h e  
. , 

work deck as a d r i l l i n g  p l a t f o r m  and a l - l cv ing  t h e  b l a s t e d  salt  t o  

f a l l  intcl t h e  vaca t ed  s11af t oycni-ng. S t a t i o n  excava t ion  p roceeds  

w i t h  bock( s i d e s  b r i n g  advanced c o n c u r r e n t l y  w i t h  a  c y c l e  of  driJ.1- 

5ng on oI!e s i d e  \~hi l .e  muc::ing on t h e  o t h e r .  Mining of t h e  s t a t i o r - ,  

'as i t  ha; a l a r g e  c r o s s - s e c t i o n ,  i s  done by bencliing t o  f a c i l i t a t e .  

a cyc1.c c . f  d r i l l i n g ,  b l . a s t i ng ,  mucking and roof  b o l t i n g .  



Beceusc t h i s  s h a f t  i s . C h e  main a c c e s s  f o r  a l l  p e r s o n n e l  and 

material:. h a n d l i n g ,  developi~lent  a d v a n t n g c ~  a r e  :;?inn? f n -  F v ~ t ~ ~ f  e 

concurrer: t  work i f  some development is accomplished p r i o r  t o  con- 

p l e t i o n  o f  t h e  s h a f t .  The re fo re ,  i n  a d d i t i o n  t o  c s c a v a t i o n  of  t h e  

s t a t i o n ,  a n  e n t r y  i s  mined from t h e  s h a f t  s t a t i o n  t o  t h e  Con- 

s t r u c t i o n  V e n f i l a t i o n  S h a f t .  An e a r l y  Grealcthrough i n t o  t h e  Con- 

s t r u c . t i o n  V e n t i l a t i o n  S h a f t  a l l o w s  improved v e n t i l a t i o n  f lows  w i t h  

else sliafe d u w ~ ~ c a s ~  alld tile o ~ h e r  upcast. I n  a d d i t i o n ,  a minimal 

s i z e d  opening  i s  mined t o  t h e  t o p  o f  t h e  muck t r a n s f e r  raise w i t h  

s u f f i c i e n t ,  room made t o  a l l o w  i n s t a l l a t i o n  o f  a raise d r i l l  a t  

a later t ime.  The major  advantage  ga ined  from t h i s  p rocedure  i s  

t h e  t i m e  t h a t  w i l l  b e  saved l a t e r  by a l lowing  equipment t o  b e  

lowered end assembled w h i l e  s t i l l  sinlcing t h e  s h a f t  o r  d u r i n g  

i n s t a l l a t i o n  o f  t h e  s k i p  l o a d i n g  equipment. 

Upon sornplction of  the TRU Lcvel  SLa I:%c~a, excavation f o r  t h e  

s t a t i o n  c:oncrete s i l l  i s  completed, fc~med, and t h e n  tbe concreto 

poured. T h e  hardware shown i n  t h e  s t a t i o n  des ign  i~ i n s t a l l e d  

currcurrelit1.y wY.ch t h e  s t a t i o n  cons t . ruc t ion  i n  o r d e r  t o  f a c i l i t a t e  

equipment. hand l ing .  T h i s  hardware w i l l  inclrldc such i tems a s  

\ 
t h e  b r i d f ; e  c r ane  and monora i l s  i n  addi . t ion t o  t h a t  equipment 

u s e f u l  t c !  t h e  shaft .  s i n k i n g  and devcl(~pmeut done i n  t h i s  phase. 

12. Resume sl,afL sinlcing opera t ior l s  t o  thr? MI Level  a t  a s h a f t  ex- 

c a v a t i c n  diar .~e. ter  of 28 f e e t .  

13 .  The ?,!I Lcvel  S t a t i o n  i s  excavated fol.:.o:.!lng t h e  same procedure 

a s  t h a t  dec;cril;.ed i n  S tep  11 f o r  t h e  'IRU Lcvel  S t a t i o n .  T h i s  

i nc ludes  Ins ta l1a t : icn  of  t h e  monorai l  and c rane  t o  f a c i l i t a t e  

Il&ixlllng of equipment and s u p p l i e s .  



14.  . Upz.1 coiq l e t i o n  of t h e  s t a t i . o n ,  an  ent r y  connect ing  t h e  Plan and 

l h t e r i a l  Sha f t  t o  t h e  Col1st.l-uction V e r t i l a t i o n  S h a f t  i s  mined t o  

improve vcnti1at;ion.. I n  a d d i t i o n ,  a u,inimal s i z e d  e n t r y  i s  a l s o  

d r iven  from t h e  Constructj.on V e n t i l a t i o n  S h a f t  around t o  t h e  t o p  

of t h e  sl:j-p l oad ing  pocket .  T h i s  w i l l  a l l ow an  e a r l y  breakthrough 

t o  be made when l a t e r  excavat ing  f o r  t h e  s k i p  load ing  f a c i l i t i e s .  

Duc t o  t.hc r e l a t i v e l y  i n e f f i c i e n t  muclc handl ing  f a c i l i t i e s  a v a i l -  

a b l e  . a t  t h i s  t ime (as compared t o  t h e  s k i p  load ing  equipment a v a i l -  

a b l e  l a t e r ) ,  a l l .  e n t r y  development should be  kep t  t o  minimal s i z e s  

and then  enl.arged l a t e r  when more e f f i c i e n t  f a c i l i t i e s  a r e  i n s t a l l e d .  

15. Excavate, form and pour t h e  RH S t a t i o n  s i l l .  

16 .  Resume s h a f t  s i n k i n g  a t  a 28-foot excavat ion  diameter .  A s  t h e  s h a f t  

i s  deepened, excavate  t h e  opening r equ i r ed  f o r  i n s t a l l a t i o n  of  t h e  

s k i p  load ing  pocket .  

17. Continue w i t h  t h e  s k i p  pocket  excavation and complete t h e  s h a f t  

excavat ion  t o  a depth  t h a t  a l l ows  i n s t a l l a t i o n  of t h e  s k i p  pocket  

equipmen::. 

18. FOLN and pour t h e  c o n c r e t e  f l o o r  of  tllc s k i p  load ing  pocl.:et and 

i n s t a l l  the load ing  pocket  s t e e l  an2 s k i p  l o a d e r s .  

19.  Complete excavat ion  t o  t h e  s h a f t  bot t i~ru,  incl.uding conc re t ing  t h e  
. . 

f l o o r  anti sump. Also mine a 10-foot  :..ong en t r ance  t o  t h e  ramp 
. . . - . . 

. . o f f  t h e  :.:haft bottom t o  provide  a safr-: breakthrough f o r  t h e  ramp 

wheil i t  is  d r i v e n  l a t e r .  
. . 

20. Renove t h e  s h a f t  s i n k i n g  c.quipment. 

21. I u s L a l l  ~11e :;ha? L conveyances ant1 rei5:svc a l l  temporary u t i l i t i e s  

and v e u t f . l a t i o n  equ-i.pmcnt from t h c  . sh t . f t .  

22. 1ns t : a l l  t.he pernencnt  po3;,jer, cox~nect:i.c.ns, e t c .  i n  t h e  s h a f t .  

l l l e  remaj.ndc~- of t h e  shaft-  ori.c.nced work is  dnne. 11sf.ng thp. p0r- 
I .  

n~anen t ly  i n s t a l l e d  shaft:  equipment (e: p e c i a l l y  t h e  s k i p s )  f o r  



23 .  Excavate t h e  openings  r e q u i r e d  f o r  i n s t a l l a t i o n  of  t h e  sa l t  

h a n d l i ~ l g  equipment below t h e  RH Level .  U n t i l  t h i s  f a c i l i t y  is 

complete and ope rab le ,  muck hand l ing  a t  the  Man and M a t e r i a l  

S h a f t  is i n e f F i c i e n t  and no mine development call begin.  

S t a r t  t h e  excava t ion  w i t h  a sma l l  s i z e d  (approximately 

6 f o o t  d iameter )  i n c l i n e d  r a i s e  t o  connect  t h e  s k i p  load ing  pocket  

t o  t h e  t r a n s f e r  g a l l e r y  (about  35 f e e t  i n  l e n g t h ) .  Then d r i v e  

an opening (again  of m i ~ l i r n a l  dimeriv l u l l s  f 01: maxlmuui advance r a t e  1 

t o  t h e  t r a n s f e r  s t o r a g e  l o c a t i o n .  Th i s  re .quires a s u b l e v e l  75 t o  

80 f e e t  i n  l eng th .  A t  t h e  end of t h i s  s u b l e v e l ,  d r i v e  a v e r t i c a l  

breakthrough r a i s e  up t o  t h e  RH Level. The purpose of t h i s  work 

i s  t o  p rov ide  v e n t i l a t i o n  w i t h  a minimal amount of muck handl ing .  

Upon mak:;ng t h e  connect ion ,  v e n t i l a t i o n  is e s t a b l i s h e d  thrqugh t h e  

s k i p  1.oac:ing f a c i l i t y .  

S t a c t i n g  a t  t h e  t o p  of t h c  s k i p  load ing  pocket  and working up- 

ward, enl-arge t h i s  brcalcthrough t o  i t s  f i n a l  dimensions by s l a sh -  

i ng .  Thc: excnvatcd muck i.s f e d  t11rou;;h t h e  s k i p  loadj.ng pocket  

i n t o  t h e  s k i p s ,  Al.1 oi t h e  s k i p  load: .ng fac.il.ity i s  mined from 

t h i s  chaf t. 

2 4 .  I n s t a l l  t h e  equj.pn:cnt f o r  t h e  s a l t  tr: n s f e r  f a c i l i t y ,  i nc lud ing  

t h e  Rl1 s t o r a g e  b i n ,  t h e  chu te  f o r  t h e  TRIJ s a l t  t r a n s f e r ,  t h e  b i n  

f e e d e r s  and. 21.3 col lvcyo~:~ .  Concurrent ly ,  i n s t a l l  t h e  TRU t r a n s f e r  

conveyor on t h e  R:I Level  t o  t he  lotrol ; .  of  t h e  propuscd TRU-RII muck 

r a i s e .  h t  the  sa!ne L i m e  t h i s  cql l ipnert  is  being i n s t a l - l e d ,  t h e  

TRU-PJI. m r c l c  r a i s e  p i l o t  l lole  j.s d r i l l e d  from t h e  TRU Level .  

2 5 .  The TRU-RII muck r a i s e  p i l o t  h o l e  i s  ec1argc.d t o  i t s  f i n a l  6-foot 

d iameter  by reatuing upward. S ince  t h e  c u t t i n g s  f a l l  by g r a v i t y  

t o  t h e  RII Level ,  t hey  a r e  loaded onto  t h e  conveyor ins ta l . led  i n  



Step  24.  As no f a c i l i t i e s  e x i s t  f o r  hendl ing  muck from t h e  TRU 

Level  u n t i l  t h i s  r a i s e  i s  completed, i t  is  r e a d i l y  apparent  t h a t  

, 
Steps  23, 24, and 25 .must  b e  c a r e f u l l y  schedul.ed and u n t i l  t h e s e  

f a c i l i t i e s  a r e . comple t e  and operable ;  f u l l  s c a l e  mining on b o t h  

l e v e l s  is delayed.  Some equipment assembly and i n s t a l l a t i o n  work 

can be performed, b u t  t h e  op ,era t ion  d f  t h e  muck handl ing  f a c i l i t y  

i s  t h e  f o c a l  p o i n t  f o r  min i r~g  by cont inuous  miners  on t h e  two 

underground l e v e l s  and,  t h e r e f o r e ,  t h e  s h a f t  s a l t  handl ing  capa- 

b i l i t y  must be  o p e r a t i o n a l  be fo re  any s i g n i f i c a n t  development 

work can be  s t a r t e d  on e i t h e r  l e v e l .  

26. 'Although i t  i s  n o t  an i n t e g r a l  p a r t  of  t h e  s h a f t ,  t h e  i n c l i n e  from 

t h e  RJ3 Lcvel  t o  t h e  s h a f t  bot tom i s  Lecluired f o r  e f f i c i e n t  f u l l  

s c a l e  opc.ration. Mining can comience p r i o r  ' t o  complet ion of t h i s  

i n c l i n e ,  however, i t  i s  r e q u i r e d  i n  o r d e r  t o  provide  a n  e f f i c i e * t  

method o i  c l ean ing  t h e  i n e v i t a b l e  s p i l l  t h a t  w i l l  occur  du r ing  

s k i p  loading .  

27.  Completic-n of S t eps  25 and 26, and thi: removal froin t h e  s i t e  of  

t h e '  shaft :  sinlcing equipment c o n s t i t u t c : ~  complet ion of  t h e  s h a f t  

c o n s t r u c t i o n .  



VENTILATION SHAFTS SINKING PROCEDURE 

Both v e n t i l a t i o n  s h a f t s  a r e  t h e  sa.me si .xe anc!, t h e r e f o r e ,  w i l l  b e  sunk 

. . i n  t h e  same manner. A s  w i t h  a l l  ,of  t h e  o t h e r  s h a f t  stinking p l a n s  formulated 

f o r  t h g  conceptua l  des ibn ,  ERDA No. 9  and t h e  21 po ta sh  evaluation h o l e s  ' 

. 

providcd t h e  majorj . t :~ of t h e  in.formation used as a b a s i s  !x fo rmula t e  t h i s  

s h a f t  sillk:ing p.m. Sheet  A3 o f  Drawings Nc. 94573 and NO. 94574 shows t h e  

. s i n k i n g  and g r o u t i n g  procedures developed du r ing  . the conceptua l  d e s i g n  f o r  . .  . . 

t h e  TRU-Rli and Const ruct.i.011 V e n t i l a t i o n  S h a f t s  respect ivel .y.  
. . 

.The s h a f t  s ink i . l g  program developed du r ing  t h e  concep'iual d e s i g n  f o r  

the. two v e n t i l a t i o n  s h a f t s  is  desc r ibed  i n  a stcpwlr;e manner a s  'foll-ows: 

3. .  Cont:rnctor sets up h i 3  temporary el.ec,t~r:i.cal system, h o i s t  and com- 

p r e s s o r s .  
. , 

2. Excavate t h e  s h a f t  col.3 ar a r e 2  t o  a  minimum depth  of 14  f e e t  u s ing  
. . 

either a cl ans:iall bqcket  o r  backhge equj.pmeat. 

3 .  1 n s t a l . l  t h e  concretr?. forms and r e b a r  f o r  t h e  s h a f t  c o l l a r .  

. . . 4. Pour t h e  s h a f t  c o l l a r .  

5 ,  Commence th.e a c t u a l  s h a f t  s ink ing  at: a 16.'5-foot d iameter  excava t ion  

. .  . s i z e  and es tnbl . i sh  a  d r i l l i n g  and b l a s t i n g  p a t t e r n ,  d e p t h  of  round, 

h t c .  w!!ile mucking wi th  a clarnshcl l  shovel .  The 15-inch s h a f t  con- 

c r e t e  l i n i n g  is  poured concur ren t ly  v i t h  t h e  s i n k i n g  o p e r a t i o n s  and 

a t  pour h e i g h t s  s u i t a b l e  f o r  t h e  ground c o n d i t i o n s  encountered.  The 

shaft w a l l s  through any problem areas a r e  s h o t c r e t e d  a s  nec.esiary 
. . 

p r i o r  t o  conc re t ing  t o  i n s u r e  a s a f e  and e f f i c i e n t  s i n k i n g  and l i n i n g  

o p e r a t i o n .  

E f f i c i e n t  u s e  o f  t l ie c l amshe l l  f o r  muck r e m v a l  w i l l  probably 

be  i n  t h e  range  of 50 o r  60 f e e t .  When t h i s  o p e r a t i o n  becomes 



i n e f f  i c i  e n t  : t11e.h a  s i n k i n g  hcadfr-ame, h o i s t  and s i n k i n g  brlckct a r e  

ins ta l1 .cd  and usc?. 

Vcnti l i : . t  i o n  f o r  t h e  s i n k i n g  o p e r a t  ic.n i s  e s t a b l i s h e d  w i t h  

t u b i ~ ~ g  and a pos i t j .ve  blowing system. L a t e r  on,  when a t  a deeper  

d e p t h ,  i t  w i l l  b e  more e f f i . c ic ; : t  i f  a n  cx:hhust v e n t i l a t i o n  system 

i s  used  f o r  c l e a r i n g  t h e  b l a s t i n g  fumes f rom t h e  s h a f t  bottom. 

6 .  I l l s t a l l  a  n ; l l t i deck  sir.l.:ing s t a g e  w i rh  i t  s h o i s t .  Thcse a r e  then  

r.iserl 1-0 r.om>lcte t.he she f  t s i i lk ing .  Use of t h e  pulricl.eck ' s f  age 

allows concu r r en t  performance of ncvsral .  c a s k s  such  as d r i l l i n g .  

and ~ i ~ u c k i n g  on t l ~ c  bot tom while. fornj .ng,  pour ing  o r  s t r i p p i n g  f o r m s ,  

f o r ' t h e  s h a f t  SJ.~.r.!lrg' u r  w h i l e  i n s t n l l i n g  ~ h z f t  s e t s  ancl guides. 

7. Conuncncc. in ' s ta l lc? t . ion  o f  t h e  ' s h a f t  s e t s  . ~ n d  gu ides .  

8. ~ c s u u i c  s h z f t  sin:-ing and inr;t:all .ation of t h e  c o n c r c t p  lj.n.ing, s h a f t  

s e t s  and g u i d e s  thro:lgh .the. upper  l i n e d  s c c t i o n  of t h e  s h a f t .  

con ti nu^, i.nst.nll.;tlon of t h e  s h a f t  Ij.i:iing throug!l a l l  t h e  

p o t e r ~ t i a l  wa t e r  bear ing zones  snd  i n t o  t h e  Salado Fo~rmzt i o n  u n t i l  

a competent  folmat:ion i s  reached t h a t  c a n  be  used  t o  e f f e c t  a  water  

c ig l i t  s e a l .  . Eocod on p r ~ s s n t J y  ava i lgh1 ,e  i n f ~ m a f j o q  t h e r e  w i l l  be 

s e v e r a l  anhydr j . t e  beds  n e a r  t h e  t o p  of t h e  Salndo F o r m t i o n  which 

should  be good c a n d i d a t e s  f o r  t h i s  purycse .  The bot tom'of  c l ~ e  

l i n i n g  is formed and keyed a t  t h e  s e l e c t e d  bed so  as t o  p rov ide  a 

b e a r e r  s e t  f o r  t h e  s h a f t  l i n i n g .  

A t  t h i s  t ime ,  t h e  o n l y  kno\..m p o t e n t i a l  f l u i d  zones a r e  t h e  

Magenta and Culebra Dolomites  i n  t h e  3 u s t l e r  F o r ~ : u t i o n  and ,  p o s s i b l y  

a zone a t  o r  n e a r  t h e  c o n t a c t  between t h e  R u s t l e r  and Solado Forma- 

t i o n s .  The sugges ted  g r o u t i n g  p rocedu re s  t o  b e  u sed ,  i f  r e q u i r e d ,  



. . a r e  shown on shee t  A3 of Drawing No's. 94573 and 94574. . . 

9. Continue s:i.nking of t h e  s h a f t  a t  a 15.5--foot d iameter .  t o  about  1 5  . 

o r  20 f e e t  below t l ie  an t ic j .pa ted  f l o o r  c . lcva t ion  of  t h e  TRU Level  

t o  minimizr? f l o o r  damage and a l s o  t o  a l l  ow examination of  t h e  . 

bedding t o  de termine  t h e  f i n a l  mining hc.rizon. F u r t h e r ,  t h i s  a l s o  

. . 
reduces  t h e  p o s s i b i l i . t y  of  b l a s t i n g  damge when s i n k i n g  i s  restimed. 

S h a f t  s ink ing  tllrough t h e  s a l t  i s  r:ot expected t o  p r e s e n t  any 

ground pro:)l.cn~s. IIoacuer, t h e r e  m y  be s e c t i o n s  where s i l t s t o n e -  

and s h a l e s  p re sen t  l o o s e  ground c o n d i t i o n s  a s  s i n k i n g  p rog res ses .  

Should t h i s  cond i t ion  develop,  roof b o l t s  and cyclone s c r e e n  a r e  

used f o r  srlcuring thr? s h a f t  ~ ~ a l l s .  I f  2.zemed a d v i s a b l e  a t  tlie t ime,  

spray-.mortar,  i. e .  g u n i t e  o r  s h o t c r e t e ,  i s  a l s o  app l i ed  t o  prevent  
. . 

f u r t h e r  a i r  ::l.acldrif; of thc? s h a l e  meabe~*s.  

Excavati.cjn of tlie s t a t i o n  can be  s t a r t e d  by us ing  t l ~ c  work deck  

as a d r i l l i n g  p l a t fo rm wi th  t h e  broken niuck going i n t o  t h e  vaca ted  

sliiift  openinz.  A s  t h i s  s t a t . i o n  i s  r e l a t i v e l y  small, bo th  i n  c rqs s -  

s e c t i o n  and l eng th ,  i t  can be mined r a t h e r  e a s i l y  o f f  t h e  s h a f t ,  . . 

Connection Letween t h e  s t a t i o n  and t h e  remainder of  t h e  TRU- . . 

Level  i s  made froin t h e  l e v e l  i t s e l f .  

10. Upon complet ion of  t h c  TRU s t a t i o n ,  excava t ion  of t h e  c o n c r e t e  ,, 

s t a t i o n  s i l l  j.s completed, then  formed, and t h e  c o n c r e t e  poured. 

11. Resume s h a f t  s ink ing  o p e r a t i o n s  t o  t h e  %1 Level  a t  an' excava t ion  

1 .  Thc F.11 Lave1 s t a t i o n  i s  excavated fnJ lnw-ing t h e  same prncedurc 

as t h a t  i n  S tep  9 f o r  t h e  TRU Level  S t a t i o n .  

13. Excavate,  form and pour t h e  RH s t a t i o n  bea re r .  



1 4 .  Complete the s h a f t  bottom. 

15.  Remove s1lc.f t s inking equipment, tempora.ry u t i l i t i e s  and v e n t i l a . t i o n  

equipment from t hp s h a f t .  

16 ,  I n s t a l l  t h e  s h a f t  conveyances, 

1.7. R~rnove a11 of t h e  s h a f t  c o n t r a c t o r s  s h a f t  equipnlent from t h e  job 
. .  

s i t e .  





TRU SHAFT HOISTING TIME MOTION STUDY 

A TRU S h a f t  h o i s t i n g  c y c l e  was developed f o r  t h e  c o n c e p t u a l  

d e s i g n .  A b r i e f  d e s c r i p t i o n  o f  t h i s  h o i s t i n g  time-motion s t u d y  

fo l lows .  

A one-shi f t -per-day o p e r a t i o n  o f  8 hours  t h a t  i n c l u d e s  a  30- 

minute lunch  p e r i o d  and two b r e a k s  o f  1 0  minu tes  each  was used.  

It was assumed t h a t  p r e v e n t i v e  maintenance would be performed 

a t  t h e  s t a r t  o f  t h e  s h i f t  and d u r i n g  t h e  lunch  and rest b r e a k s ,  

w i t h  major maintenance done on t h e  weekends o r  back s h i f t s .  A 

h o i s t i n g  speed o f  500 fpm w i t h  a n  a c c e l e r a t i o n  o f  2 f p s 2  and a  

r e t a r d a t i o n  o f  2.5 f p s 2  was assumed. Allowance was a l s o  made 

f o r  a  2 - s  c r e e p  t i m e  d u r i n g  a c c e l e r a t i o n  and a  4-s c r e e p  t i m e  

d u r i n g  r e t a r d a t i o n .  

A t e s t  r u n  by an  empty cage  w i l l  be  made th rough  t h e  s h a f t  

from t h e  c o l l a r  t o  t h e  underground s t a t i o n  and back e a c h  day be- 

f o r e  l o a d i n g .  Th i s  w i l l  b e  r e q u i r e d  a f t e r  an ex tended  l a p s e  i n  
h o i s t i n g  ( o v e r n i g h t  o r  weekends) and a f t e r  any r e p a i r s  t o  e i t h e r  

t h e  cage  o r  t h e  s h a f t .  S a f e t y  r e g u l a t i o n s  do n o t  r e q u i r e  i t ,  

b u t  because  o f  t h e  t y p e  m a t e r i a l  hand led ,  such a  t e s t  run  i s  

a d v i s a b l e .  

A t  t h e  s t a r t  o f  t h e  s h i f t  t h e  cage  w i l l  be  i n  a  r e l e a s e d  

p o s i t i o n  j y s t  below t h e  c o l l a r  t o  p r e v e n t  a c c e s s  t o  t h e  cage  wi th-  
.. . 

o u t  f i r s t  n o t i f y i n g  t h e  hois tman.  The cage  i s  s e t  on t h e  c o l l a r  

l a n d i n g  c h a i r s  and t h e  hois tmen and cage kienders t h e n  r o u t i n e l y  

check t h e  equipment b e f o r e  beg inn ing  o p e r a t i o n s .  T h i s ,  u n l i k e  

t h e  cage  t e s t  run ,  i s  r e q u i r e d  a t  t h e  s t a r t  o f  e a c h ' o p e r a t i n g  

s h i f t  , r e g a r d l e s s  o f  whether  t h e  o p e r a t i o n '  is on a cont inuous .  

o r  i n t e r m i t t e n t  b a s i s .  T y p i c a l  l a n d i n g  c h a i r s  a s  c o n c e p t u a l l y  

des igned  f o r  TRU S h a f t  a r e  shnwn on S h e e t  M 3  of  ~ r a w i n g  No. 
945 . - 

Moving t h e  cage  o f f  t h e  l a n d i n g  c h a i r s  i n i t i a t e s  t h e  t e s t  

r u n  c y c l e  t h a t  ends  when t h e  cage  i s  r e t u r n e d  t o  t h e  l a n d i n g  

c h a i r s  on s u r f a c e .  During t h e  check o f  t h e  s h a f t  equipment on 

s u r f a c e  and a l s o  d u r i n g  t h e  t e s t  r u n  c y c l e ,  t h e  l o a d i n g  crew 



per fo rms  r o u t i n e  equipment checks  and t h e n  p r e p a r e s  t h e  f i r s t  

l o a d  t o  have it r e a d y  f o r  t h e  f i r s t  lower ing  c y c l e  whenever t h e  

cage  i s  ready .  A t  t h e  end o f  t h e  s h i f t ,  t h e  cage  i s  l e f t  i n  

t h e  r e l e a s e d  p o s i t i o n .  I f  t h e  s h a f t  o p e r a t i o n  i s  on a  s i n g l e -  

s h i f t  b a s i s ,  t h e  c a g e  i s  t h e n  ready  f o r  a n  emergency s i t u a t i o n .  

Lf t h e  o p e r a t i o n  i s  on a  con t inuous  b a s i s  i n s t e a d ,  no a c c e s s  t o  

t h e  c a g e  is  p o s s i b l e  d u r i n g  t h e  h o i s t m e n ' s  change of  s h i f t .  Our 

a n a l y s i s  f o r  t h e   pera at ion o f  t h e  TRU s h a f t  h o i s t  o v e r  t h e  p e r i o d  

o f  one s h i f t  i s  summarized i n  Table  11.2-2. 

M~rn ing  and a f t e r n o o n  b r e a k s ,  i n  a d d i t i o n  t o  a lunch  p e r i o d ,  

have  Been e x c l u d e d  from t h e  t i m e  a v a i l a b l e  t o  lower t h e  TRU w a s t e  

c o n t a i n e r s ,  a s  h a s  t h e  t i m e  needed f o r  a s h i f t  wrap-up. These 

t i m e s ,  by p r o p e r  p l a n n i n g  and s c h e d u l i n g ,  can  be  used f o r  minor 

equipment maintenance  and r e p a i r  w i t h  schedu led  premaintenance  

and r e p a i r s  on weekends. For  maximum e f f i c i e n c y ,  t h e  working 

h o u r s  f o r  a l l  p e r s o n n e l  invo lved  i n  t h e  underground was te  h a n d l i n g  

sys tem must be  c a r e f u l l y  schedu led ,  b o t h  underground and on t h e  

s u r f a c e .  S c h e d u l i n g  t h e  s t a r t  of  t h e  underground work s h i f t  f o r  

l a t e r  t h a n  t h o s e  on t h e  s u r f a c e  i s  recommended t o  a l l o w  an  even 

f luw uE mater ia l  i i i t o  s t o r a g e .  

No a d d i t i o n a l  time h a s  been a l lowed  f o r  unfo reseen  d e l a y s  

i n  t h e  c y c l e  a n a l y s i s .  There i s  a  s m a l l  amount of  c o n s e r v a t i s m  

in ehe estimated times a l lowed f o r  t h e  v a r i o u s  t a s k s  such  a s  

s i g n a l i n g  and t h e  open ing  and c l o s i n g  o f  d o o r s ,  c h a i r s ,  e tc .  

S t a g g e r i n g  b r e a k s  and rest  p e r i o d s  f o r  p e r s o n n e l  can  a l s o  p r o v i d e  

a d d i t i o n a l  t i m e  and an a d d i t i o n a l  measurement o f  consexvat ism.  

F o r  t h e  purpose  o f  t h e  c o n c e p t u a l  d e s i g n ,  it i s  f e l t  t h a t  t h i s  

d e g r e e  o f  c o n s e r v a t i s m  i s  p r o p e r .  F u r t h e r  d e f i n i t i o n  o f  t h e  t a s k s ,  

e s p e c i a l l y  t h e  l o a d i n g  and un load ing  t a s k s ,  w i l l  a l l o w  f u r t h e r  

r e f i n e m e n t  o f  the t i m e  c y c l e s .  



TABLE 11.2-2 

SUMMARY OF ONE SHIFT'S OPERATION 
FOR TRU SHAFT HOIST 

Func t ion  Time A l l o t t e d  (Minutes)  

Equipment Check . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15  
S h a f t  T e s t  Run ..................................... 12  
Morning Break"..'... ................................. 1 5  
Lunch Break ....................................... 30 .. 
Afternoon Break ................................... 1 5  
S h i f t  Wrap-up ..................................... 1 5  
Load Cyc les  (14 T r i p s  @ 27 min. 00 sec; e a . ) . . . . . :  . - 378 

T o t a l  Time ........................... ,480 min = 8 h r s  

CYCLE BREAKDOWNS 

S h a f t  T e s t  Run Load Cyc les  
Act ion  I t e m  Elapsed Time Ac t ion  I t e m  ' Elapsed  Time 

S S  Min . Min . 
S i g n a l ,  H o i s t  0  - 
H o i s t  Cage o f f  C h a i r s  0  - 
S i g n a l ,  S t o p  0  - 
Release  C h a i r s  0  - 
S i g n a l ,  Lower 0  - 
Lower Cage t o  S t a t i o n  4 - 
S i g n a l ,  S top  0  - 
I n s p e c t  Cage 2  - 
S i g n a l ,  H o i s t  0  - 
H o i s t  Cage t o  C o l l a r  4 - 
S i g n a l ,  S t o p  0  - 
S e t  C h a i r s  0  - 
S i g n a l ,  Lower 0  - 
Lower Cage o n t o  C h a i r s  0  - 

T o t a l  E lapsed  Time 12 min. 

Open Cage Doors 
Load Cage ( i n c l .  s e c u r -  

i n g  l o a d )  
C lose  Cage Doors 
S i g n a l ,  H o i s t  
H o i s t  Cage o f f  C h a i r s  
S i g n a l ,  S t o p  
Re lease  C h a i r s  
S i g n a l ,  Lower 
Lower Cage t o  S t a t i o n  
Open Cage poors  
Unload Cage, Load Evpty 
Close  Cage Doors 
S i g n a l  ,- H o i s t  
H o i s t  Cage t o  C o l l a r  
S i g n a l ,  S t o p  
S e t  C h a i r s  
S i g n a l ,  Lower 
Lower Cage o n t o  C h a i r s  

T o t a l  Elapsed Time 

8 - 03 
0  - 15 
0  - 05 
0  - 03 
0  - 02 
0  - 05 
0  - 05 
4  - 36 
0  - 15  
8 - 03 
0  - 1 5  
0  - 05 
4 - 36 
0  - 02 
0  - 05 
0  - 05 
0  - 05 

27 min. 



RH SHAFT HOTST TTMR-MOTION STUDY 

An RH s h a f t  h o i s t i n g  c y c l e  was developed f o r  t h e  c o n c e p t u a l  

d e s i g n .  A b r i e f  d e s c r i p t i o n  o f  t h i s  t i m e  and motion-study f o l l o w s .  

A s i n g l e  8-hr  d a i l y  s h i f t  was assumed, w i t h  a  30-minute 

l u n c h  and two b r e a k s  o f  1 5  minu tes  e a c h  (one i n  t h e  morning and 

one  i n  t h e  a f t e r n o o n ) .  It was assumed t h a t  p r e v e n t i v e  maintenance  

would be performed a t  t h e  s t a r t  o f  t h e  s h i f t  and d u r i n g  t h e  lunch  

and rest b r e a k s ,  w i t h  major maintenance  on e i t h e r  t h e  weekends 

o r  t h e  back S n l f e s .  k h u l u t i l ~ y  speed o f  500 fpm w i t h  an accslera- 

t i o n  o f  2  f p s 2  and a  r e t a r d a t i o n  o f  2 .5  f p s L  was used.  I n  addr-  

t i o n ,  a n  a l lowance  was made f o r  a  2-s  c r e e p  t i m e  d u r i n g  a c c e l e r a -  

t i o n  and a  4-s c r e e p  t i m e  d u r i n g  r e t a r d a t i o n .  

A t e s t  r u n  by a n  empty cage w i l l  be  made t h rough  t h e  s h a f t  

from t h e  c l e a n  c e l l  on s u r f a c e  down t o  t h e  underground t r a n s f e r  

c e l l  and  back e a c h  day b e i o r e  l o a d i n g .  T h i s  p rocedure  w i l l  b e  

r e q u i r e d  a f t e r , a n  ex tended  l a p s e  i n  h o i s t i n g  ( o v e r n i g h t  o r  week- 

e n d s )  and a f t e r  any r e p a i r s  a r e  made t o  e i t h e r  t h e  s h a f t  o r  i t s  

conveyance.  S a f e t y  r e g u l a t i o n s  do n o t  r e q u i r e  t h i s ,  b u t  con- 

sidering thc nakurc  of  t h e  m a t e r i a l  h ~ i n g  h a n d l e d ,  such  a  t e s t  

r u n  would b e  v e r y  a d v i s a b l e .  

A t  t h e  s t a r t  o f  a s h i f t ,  t h e  cage  w i l l  be  on t h e  l a n d i n g  

c h a i r s  a t  t h e  c l e a n  ce l l .  A b r i e f  equipment check i s  t h e n  made 

b e f o r e  commencing o p e r a t i o n s .  T h i s ,  u n l i k e  t h e  cage  t e s t  r u n ,  

w i l l  b e  r e q u i r e d  a t  t h e  s t a r t  o f  e a c h  o p e r a t i n g  s h i f t  i r r e s p e c t i v e  

of  whether  t h e  o p e r a t i o n  i s  on a  con t inuous  o r  i n t e r m i t t e n t  b a s i s .  

Moving t h e  cage  o f f  t h e  c l e a n  c e l l  l a n d i n g  c h a i r s  i n i t i a t e s  t h e  

tes t  r u n  c y c l e  t h a t  ends  when t h e  cage  i s  r e t u r n e d  t o  t h e  c l e a n  

c e l l .  During b o t h  t h e  s u r f a c e  check o f  t h e  s h a f t  equipment and 

t h e  t e s t  r u n  th rough  t h e  s h a f t ,  t h e  l o a d i n g  c r e w  w i l l  per form 

r o u t i n e  equipment checks  and t h e n  p r e p a r e  t h e  f i r s t  l o a d  s o  t h a t  

it i s  ready  f o r  t h e  f i r s t  c y c l e  when t h e  s h a f t  conveyance i s  ready .  

Our a n a l y s i s  f o r  o p e r a t i n g  t h e  RH s h a f t  h o i s t  o v e r  one s h i f t  i s  

summarized i n  T a b l e  11.2-1. 

I n  o u r  a n a l y s i s  t h e  morning and a f t e r n o o n  b r e a k s ,  t h e  lunch 

p e r i o d  and t h e  t i m e  e s t i m a t e d  t o  be  n e c e s s a r y  f o r  a  s h i f t  wrap-up 



. TABLE 11.2-,I 

FUNCTION 

SUMMARY OF ONE 'SHIFT'S OPERATION 
FOR THE RH SHAFT HOIST 

TIME ALLOTTED (MINUTES ) 

......... Equipment C h e c k . . . . . . . . . . . . . . . . . . . . . . .  1 5  
S h a f t  T e s t  Run ............................... 1 4  
Morning Break ................................ 1 5  
Lunch Break .................................. 30 
Af t e rnoon  Break . . .  ............................ 1 5  ................................. S h i f t  Wrap-up 30 . .  
*Load Cycles(25 t r i p s  @ 14 min. 00 s e c .  e a . ) . .  - 350 

..................... T o t a l  Time 469 = 7 . 8  h r s  

"25 t r i p s  o f  t h e  c a g e  p e r  day  i s  1 5  more t h a n  r e q u i r e d  w i t h  t h e  
c u r r e n t  s u r f a c e  h o t  ce l l  d e s i g n ,  b u t  w i l l  a l l o w  f o r  f u r t h e r  
e x p a n s i o n .  

CYCLE BREAKDOWNS 

S h a f t  T e s t  Run Load C y c l e s  
A c t i o n  I t e m  E lapsed  Time A c t i o n  I t e m  E l a p s e d  Time 

Min. Sec .  Min. Sec .  

S i g n a l  H o i s t  0  - 05 
H o i s t  Cage o f f  C h a i r s  0 - 03 
S i g n a l  , S t o p  0  - 02 
Release C h a i r s  0  - 05 
S i g n a l ,  Lower 0  - 05 
Lower Cage t o  S t a t i o n  5 - 00 
S i g n a l ,  S t o p  0  - 02 
Lower Cage i n t o  

T r a n s f e r  C e l l  0  - 33 
Check Cage 1 - 00  
Check T u r n t a b l e  

O p e r a t i o n  1 - 00 
S i g n a l ,  H o i s t  0  - 05 
H o i s t  Cage 5 - 00 
Hois t  Cage i n t o  C lean  

C e l l  0  - 33 
C l o s e  Landing  C h a i r s  0 - 1 5  
S i g n a l ,  Lower 0  - 05 
T,ower Cage o n t o  C h a i r s  0 - 07 

T o t a l  E l a p s e d  Time 1 4  min. 

Load Cage ( i n c l .  
s e c u r i n g  l o a d )  

S i g n a l ,  H o i s t  
H o i s t  Cage o f f  

C h a i r s  
S i g n a l ,  S t o p  
R e l e a s e  C h a i r s  
S i g n a l ,  Lower 
Lower Cage t o  

s t a t i o n  
S i g n a l ,  S t o p  
S i g n a l ,  Lower 
Lower Cage i n t o  

T r a n s f e r  C e l l  
Unload Cage i n  

T r a n s f e r  C e l l  
Load Empty C a r t  

o n t o  Cage 
S i g n a l ,  H o i s t  
H o i s t  Cage 
S i g n a l  S t o p  
S i g n a l ,  H o i s t  
H o i s t  Cage i n t o  

C lean  C e l l  
S i g n a l ,  S t o p  
C l o s e  C h a i r s  
S i g n a l ,  Lower 
Lower Cage o n t o  

C h a i r s  
Unload Empty C a r t  

T o t a l  E l a p s e d  Time 14  min.  



a t  t h e  end o f  t h e  s h i f t  w e r e  exc luded  i n  d e t e r m i n i n g  t h e  number 

o f  wqs te  c a n i s t e r s  r e q u i r i n g  movement p e r  conveyance t r i p .  These 

times, th rough  p r o p e r  p l a n n i n g  and s c h e d u l i n g ,  c o u l d  be used f o r  

minor equipment maintenance  and r e p a i r  w i t h  schedu led  premainte-  

nance  and r e p a i r s  performed on t h e  weekends. No a d d i t i o n a l  t i m e  

was a$lowed f o r  unfo reseen  d e l a y s .  

There i s  v e r y  l i t t l e  c o n s e r v a t i s m  i n  e s t i m a t e d  t i m e s  a l lowed 

f o r  t a s k s .  S t a g g e r e d  b r e a k s ,  l u n c h  and rest  p e r i o d s  f o r  p e r s o n n e l  

c o u l d  p r o v i d e  a d d i t i o n a l  t i m e  and t h u s  an  a d d i t i o n a l  measure o f  

c o n s e r v a t i s m .  For  t h e  purpose  of t h e  c ~ n c e p t u a l  d e s i g n ,  it i s  

f e l t  t h a t  t h e  d e g r e e  o f  c o n s e r v a t i s m  u t i l i g e d  is  p r o p e r  and n o t  

o v e r l y  e s t i m a t e d .  F u r t h e r  d e f i n i t i o n  of t h e  t a s k s  w i l l  a l l o w  

f u r t h e r  r e f i n e m e n t  of  t h e  h o i s t i n g  c y c l e s .  





M I N I N G  SYSTEM ANALYSIS AND EQUIPMENT DESCRIPTION 

Within a  h y d r o s t a t i c  stress f i e l d ,  mine ~ p e n i n g s ' h a v i n ~  an 

a s p e c t  r a t i o  o t h e r  t h a n  one a r e  more s t a b l e  when t h e y  a r e  of  a n  

o v a l o i d a l  shape .  Underground open ings  mined by b o r i n g  machines 

t e n d  t o  be  more s t a b l e , t h a n  t h o s e  mined by c o n v e n t i o n a l  d r i l l i n g  

and b l a s t i n g  methods because  t h e  shock t h a t  r e s u l t s  from b l a s t i n g  

t ends '  t o  f ragment  and f r a c t u r e  t h e  ground su r round ing  t h e  opening.  

For t h e s e  r e a s o n s ,  b o r i n g  machines w e r e  s e l e c t e d  a s  t h e . b e s t  

method t o  mine t h e  underground openings  a t  t h e  WIPP f a c i l i t y .  

To have an opening w i t h  s u f f i c i e n t  wid th  b u t  w i t h o u t  exces -  . . 

s i v e  h e i g h t ,  an  e l l i p t i c a l ,  o v a l o i d a l ,  o r  r e c t a n g u l a r l y  shaped 

opening must be  used.  Of t h e s e  t h r e e  c o n f i g u r a t i o n s ,  t h e  o v a l o i d a l  

shaped opening i s  t h e  h o s t  p r a c t i c a l  s e l e c t i o n  because  it a l l o w s  

a  c o n v e n t i o n a l  roadway, which an  e l l i p t i c a l l y  shaped opening w i l l  

n o t ;  and it w i l l  d e f i n i t e l y  b e  more s t a b l e  t h a n  a  r e c t a n g u l a r l y  

shaped opening.  

' A  v a r i a b l e - h e i g h t ,  t h r e e - b l a d e d  twin  r o t o r ,  b o r i n g  t y p e  of  

con t inuous  miner .was s e l e c t e d .  For  t h i s  a n a l y s i s ,  7 8  d i f f e r e n t  

room c o n f i g u r a t i o n s  and s i z e s  w e r e  i n v e s t i g a t e d .  Taking i n t o  

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

p r a c t i c a L f o r  t h e  TRU was te  c o n t a i n e r s ,  t h e s e  7 8  opening c o n f i g -  

u r a t i o n s  w e r e  reduced t o  21 p o s s i b i l i t i e s .  Of t h e s e  2 l ' p o s s i -  

b i l i t i e s ,  o n l y  7 remained s u i t a b l e  a f t e r  c o n s i d e r i n g  t h e  r e q u i r e -  

ments f o r  c l o s u r e  r e s u l t i n g  from s t r e s s - i n d u c e d  c r e e p  of  t h e  s a l t  
. . 

. - s t r a t a .  

The f i n a l  7 c a n d i d a t e  opening c o n f i g u r a t i o n s  w e r e  t h e n  

compared on t h e  b a s i s  of  t h e  a r e a l  e x t e n t  r e q u i r e d  f o r  <he TRU- 

l e v e l  mining h o r i z o n ,  mined tonnage r e q u i r e d  t o  o b t a i n  t h e  volumes 

n e c e s s a r y  t o  s t o r e  t h e  containers, s t o r a g e  room l e n g t h ,  s e r v i c e  

l i f e  of  t h e  open ings ,  number o f  c u t t i n g  p a s s e s  r e q u i r e d  t o  be made 

p e r  opening,  and t h e  e f f i c i e n c i e s  of  u t i l i z a t i o n  f o r  t h e  spaced 

mined. From t h i s  comparison,  a  machine s ' i z e  was s e l e c t e d  t h a t  



a l lowed  c u t t i n g  a n  open ing  10 f t .  h i g h  by 18 f t .  wide w i t h  a 

1 3 . 5 - f t .  roadway i n  a s i n g l e  p a s s .  The a c t u a l  opening s i ze s  

s e l e c t e d  were a th ree -pass -wide ,  two-pass-high ~ p e n i n g  (16.5  . 

f t .  h i g h  by 45 f t .  wide w i t h  a 40 .5-f t .  roadway) f o r  t h e  s t o r a g e  

rooms on t h e  TRU l e v e l .  An a v e r a g e  mining c a p a c i t y  o f  450 t o n s  

p e r  machine s h i f t  was used f o r  t h e  c o p c e p t u a l  d e s i g n .  

A l l  of t h e  underground open ings  mined by t h e  con t inuous  

minez are advanced i n  a s t e p w i s e  p rocedure  w i t h  t h e  miner f i r s t  

advanc ing  a l o n g  t h e  r igh t -hand  s i d e  o f  t h e  opening,  c u t t i n g  a s  

it moves forward .  The miner advances  f o r  approx imate ly  i t s  own 

l e n g t h  and t h e n  backs  o u t ,  moves 1 3 . 5  f t .  t o  t h e  l e f t ,  and ad- 

vances  t h e  second p a s s  o f  the opening t o  t h e  same d e p t h  a s  t h e  

f i r s t .  When n e c e s s a r y ,  such a $  f o r  t h e  s t o r a g e  rooms on t h e  TRU 

l e v e l ,  t h e  machine t h e n  backs  o u t  from t h e  second p a s s  and pro-  

c e e d s  t o  c u t  a  t h i r d  p a s s .  Upon advancing t h e  f i n a l  h o r i z o n t a l  

p a s s  t o  t h e  same d e p t h  a s  t h e  f i r s t ,  t h e  miner moves back t o  t h e  

r i q h t - h a n d  s i d e  of t h e  opening and r e p e a t s  t h e  advancing p r o c e s s  

I n  t h e  TRU-level s t o r a g e  rooms, it i s   at-:t?ssary a l a s  t o  c u t  

a  lower second v e r t i c a l  p a s s .  T h i s  lower v e r t i c a l  p a s s  i s  made 

i n  t h e  f l o o r  o f  t h e  f i r s t  v e r t i c a l  p a s s  and a f t e r  t h e  f i r s t  ve r -  

t i c a l  p a s s  h a s  been completed f o r  t h e  e n t i r e  room l e n g t h .  

The c o n t i n u o u s  m i n e r  s e l e c t e d  c o n s i s t s  of two s e c t i o n s ,  t h e  

c u t t i n g  and conveying mechanisms t h a t  a r e  j o i n e d  t o g e t h e r  and 

connec ted  t o  t h e  maip frame,  and t h e  t r a c t o r  frame tramming u n i t  

assembly .  The main frame c a r r i e s  t h e  r e a r  t h r u s t  p o s t s  and s e r v e s  

a s  a  mounting s t r u c t u r e  f o r  b o t h  t h e  r e a r  t r i m  c y l i n d e r s  and t h e  

conveyor  l i f t  c y l i n d e r s .  The f r o n t  t h r u s t  p o s t s  a r e  i n t e g r a l  w i t h  

t h e  r o t o r - d r i v e  g e a r c a s e .  The t r a c t o r  frame s u p p o r t s  t h e  e n t i r e  

we igh t  of t h e  machine and t r a n s f e r s  t h i s  we igh t  t o  t r a c t o r  t r e a d s  

t h r o u g h  bogey wheels  i n  t h e  t r a c k  assembly.  The we igh t  of  t h e  

r o t o r  d r i v e  g e a r c a s e ,  conveyor assembly and main frame i s  suppor ted  

by t h e  t r a c t o r  frame th rough  t h e  f r o n t  and r e a r  t r i m  c y l i n d e r s  



t h a t  p r o v i d e  f o r  comple te  c o n t r o l  o f  t h e  c u t t i n g  mechanism p o s i -  

tT,on r e g a r d l e s s  o f  t h e  seam o r i e n t a t i o n .  The t h r u s t  of  t h e  tram- 

ming mechanism i s  t r a n s f e r r e d  t o  t h e  c u t t i n g  e l e m e n t s  th rough  

t h e  t h r u s t  p o s t  on t h e  r o t o r - d r i v e  g e a r c a s e .  The miner  u s e s  

t h r e e  e lec t r ic  motors ,  one f o r  e a c h  r o t o r ,  w i t h  t h e  t h i r d  d r i v i n g  

t h e  h y d r a u l i c  sys tem pump. 

Each r o t o r  c o n t a i n s  t h r e e  arms t h a t  a r e  ex tended  

and r e t r a c t e d  by a b a l l - s c r e w  mechanism. The two r o t o r  a s s e m b l i e s ,  

on which t h e  t o o l  h o l d e r s  and c u t t e r  b i t s  a r e  mounted, a r e . d r i v e n  

th rough  t h e  r o t o r - d r i v e  g e a r c a s e .  Trim-chains and c u t t e r  b a r s  a r e  

used bo th  on t h e  t o p  and bottom of t h e  machine t o  t r i m  t h e  a r e a  

between t h e  r o t o r  arm a s s e m b l i e s  and a l s o  t o  ex tend  t h e  opening 

roadway width .  

A conveyor p a s s e s  th rough  t h e  machine and conveys t h e  m a t e r i a l  

excava ted  o u t  t o  t h e  back o f  t h e  machine. T h i s  conveyor i s  loaded  

by g a t h e r i n g  arms l o c a t e d  on an apron  a t  t h e  f r o n t  o f  t h e  miner .  
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Factor  O t  S a t e t y  

TRU LEVEL E N T R Y  DESIGN- 31 -50  FT. W I D T H  
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January 7, 1977 

Fenix & Scissonr Inc. 
Post Office Bnx 15609 
II?Ulsa, Oklahoma 74115 

ATTENTION% #Re QIWROE SCHAEFER 

SURIECT: Hoist Estimates 

Dear Sir: 

R E C E I V E D  

Process Machinery 
Dlvlsion 
P.O. BOX 383 
Milwoukee. WI 53201 
4 14/744-2345 
TELEX 2-6601 

The following infomation w i l l  confirm what was provided t o  you 
v i a  a u r  ,phone conversation of 1/b/77: 

HOIST DATA 
-4 

ilESC'RZIYL' ION 
. .. 

PBODUCTXON SE3'JICF: .PRU SHAIT 2H SHAFT ESCAPE 

TYPE IiQLST D o  3. S o  Do S o  D o  So D. S. D o  

DISTANCE (IT) . . 5lCXJ wQo 2700 xm0 Xm 
S'I'H -00 N. A. N. A. N. A. N. A. 
SAFETY FAC'K?H 5 5 5 4.5 5 
ACC (~/SE: ')  1 2 2 2 2 
wsr~an (ET/SEC*?) 2 2 2 2 2 
c a m  (SEC) 6 8 8 8 8 
REST (SEC) 22 3 30 =P 50 
SKIP CAGE WAD (MN) 2 3. 12 12. 5 12.5 10 1 
'VELOCITY (ITS.) ;l8..)2 8-53 8. 33 8-33 8.35 
s ~ p  (cAGE)'~ . ;G'~~-  (TON) 9.84 9.37 15 7.5 0.75 
ROPE (INCH) 2.0 1 875 2.125 1.625 ' 0. 75 
DRUM DIG (INCH) 160 150 170 130 GO 
W S  U?P. 0 1859 188 3ofi 72: 87 
PEAK ' H O P .  320 g? 765 961 137 

' MOTOR H o P o  W ho '40 700 Kpd. Drive 
# OF: MO'PORS 7 1 1 1 1 
1 LAYER WXIYPH (INCH) 174 188 175 18 7 165 
NORM CWT (TON) N. A. 15.62 21 25 N. A. N. A. 
MAX. U L D  ('MN) N o  A. Ip.00 N o  A. N o  A. N o  A. 
MA,::., cWT ( M N )  N. A. 18.87 N. A. N. : N. A. 
ESTIMATED COST 81, 293.pOo0 $568,000 $h't't,000 8 5 6 7 9 m  $215, 000 

We hope t h a t  t h i n  iuformation will be of use t o  you i n  your work, ond i f  any 
questions nhould arise, please do not hesi tate  t o  call. The delivery t h a t  can 

Coble Address: "Nordberg Milwoukee" 



!w ~ - x : $ ~ c ~ e d  t.c,r thn? ' < t ; > l . i ! i l ~  :lr.~ua hcr:iat is 15-20 months-on all the  other 
li1-,6 :; t :-,I nppa..o?rimnt say 1 2  m a r a t  hz:. The est fmated costs i n d i c a t e d  above 
i. c:cP~.!.:f~ t (r,scs ttn$ r:k mncch:rni ~ i d n  and the d r i v e  equipment- 

Reznord 5::; le>tskin,q ftln'.wsril ten wat-kjng with you an this project and 
Ll.opt!.s .ti.) ai.t.t>.?r: t)e hi-.n.:.it;i;y, Ir:im you or mesting with  you i.n the near 
f I? t l,L r t: . 

, . .  

;i j,X P,ip~.rd ;'o*. Rrrrm 
.. . 

. ~ r : . . j .  n.r s$Xn!:i hi,;alicat but\ E r y  ftnsarr. 
il'a u: :'!.IJ c. 3 L :1.c . 
B ~ o c c s n  Fac!ii ncrg D$v$.sBoa 
Hln;cil S o t s t  ?'?*~)artmont 



Fenix & Scisson Inc. Process Machinery 
5805 East F i f t een th  S t ree t  Dlvlslon 
Tulsa, Oklahoma 74112 P.O. Box 383 

M i / ~ ~ ~ o k e e ,  WI 5320 1 
ATTENTION: MR. GEORGE SCHAEFER T E L E X  2.h60i . 

My Nf ;  4 1 4 / 5 4 3  

SUBJECT: Hoist Estimate 
RE : Your Le t te r  of 2/9/77 

Dearr S i r :  

For purposes of h o i s t  est imating your items A through F i ~ c l u s i v e  
axe p a r t  of our h o i s t  est imate you received on 1/7/77. Under t h e  
paragraph t i t l e d  llProduction Hoistll, the  3000' ho i s t ing  distance 
and the  31001 ho i s t ing  distance,  we calcula ted would r e s u l t  i n  the  
same estimated hoist,, Tho ddFum of 160" sk~uwu by us i s  m t h  one l ayer ;  if 
you des i re  96 inches,  t h a t  would be i n  two layers  with no change i n  
the  estimated cost .  A l l  o ther  items i n  this parragraph aze included . 
i n  the estimate. 

Under the  parragraph e n t i t l e d  IIService Hoistt1 please f i n d  the,  following 
data:  

HOIST DATA 

DISTANCE (FT) 
s m m  FACTOR 
ACC (FT/SEC ) 
RETARD (FT/SEC~ ) 
CREEP (SEC) 
REST (SEC) 
CAGE LOAD (TON) 

ROPE (INCH) 
DRUM SIA (INCH) 
TOTAL MOTOR HOP, 
FACE WIDTH (INCH) 

MAX CWT (TON) 
ESTIMATING COST 

SEZIVICE HOIST - 
Divide.d S. D. 
3,000 
4.6 
2 
2 
8 
60 
12.5 
8.33 
15 
2 
160 
500 
9 7 
21.25 
19 
24.5 

&534,(5(50 

TRU 
S. D. 

Cc~bl? k~iiir ess: "Nordherg .Mil\~foukee 



Ferlix & Scisson 
Pwe Two 
2/28/77 

$:, i'; ,' y,ri:?r,.;,. ,.sn 

Under paragraph TRU Shaft and i n  regard t o  your question, w ~ a . i , ; . a ~ c m t ~ .  
i n  our l e t t e r  of 1/7/77 i s  a single drum hois t  with two ropes. I f  the second 
rope i s  a problem, why not go with an "out of balance!' condition and. eliminate 
the second rope and counterweight. The hois t  tha t  would meet t h i s  requirement 
i s  shown above and i s  much l e s s  expensive than a two drum arrangement. 

Pmagraphs "RH Shaft" and ItEscape Hoistft, please f ind  the following: 

HOIST DATA_ - 
DESCRIrnION_ - R.Ho SHAFT ---- ESCAPE HOIST 

TYPE HOIST 
DISTANCE (FT) 
SAI7ETY FACTOR 
ACC (FT/SEC~) 
RETARD (FT/SEC~ ) 
CREEP (SEC) 
mST (SFC) 
CAGE LOAD (TON) 

ROPE (INCH) 
DRUM DIA. (INCH) 
TOTAL MOTOR HoPo 
FACE WIDTH 
ESTIMATED COST 

Unbalanced SOD. 
gvvu 
5 
2 
2 
8 
300 
1 
8.33 
1.4 
0.75 
60 
100 
56 (3 l;wrers> 
$245,000 

The hydraulic escape hois t  remains as showll i l l  our 1/7/77 J.etter at an estimated 
$215,000. 

All estimated costs  are congideted as of Apxil I., 1977 including those provided i n  
om Januasy 7 ,  1977 l e t t e r .  

We w i l l  be sending the mechanical and e l ec t r i ca l  componenl;~ di~aeltaion data, 9.n a. 
few days when they become available. 

We tmst tha t  t h i s  information w i l l  be of use to  you i n  your 

Very t r u l y  yours, 
. /' 

. / . .  . 

. ~ i l l i a m "  F. Brown 
Senior Sales Applicat$on Engineer 
Rexnord Lnc, 
Process Machinery Division 
Mine Hoist Department 

cc: T. Armesy 
Bc Elsner 
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