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WIPP SITE POPULATION
O(> BUILDING OR AREA

Shift Shift Shift
1 2 3

Administration 80 2 2

Control / Computer 10 3 3

Security - Gate House (Site Entrance) 2 1 1
f--

U
- Security Office & Gate House

(into B area) 6 2 2

- Fire Protection 1 1 1

- Security Control Center 2 2 2

First Aid 1-

Warehouse 4 - -

Sewage Treatment 2 - -

Water Treatment 1 - -

Truck Drivers 4 - -

Railroad Personnel 3 - -

Motor Pool 3 - -

Waste Treatment Area (Site Generated)

Liquid { 2 - -
-

Solid J-

() - Laundry 3 - -

TRU Waste Building

- Administrative / Supervision 6 - -

- Inventory / Inspection 3/6
Waste Handling Personnel-

- Health Physics 2 - -

- Forklift / Equip. Operators 14 - -

- Waste Handlers / Repair 4 - -

fs TOTAL 159 11 11
(_)

i
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WIPP SITE POPULATION |

BUILDING OR AREA (Contd)

Shift Shift Shift
1 2 3___

-Container / Vehicle )
Preparation 4 - -

- Floaters 3 - -

||)- Hoist Operator (s) 2 - -

- Health Physics Lab 3 - -

RH Waste Building

- Administrative 6 - -

- Inventory 2 - -

- Waste Handling Personnel

- Health Physics 3 - -

- Cask Handlers 6 - -

- Cask Preparation & Decon 4 - -

- Waste Handlers-Remote 4 - -

- Hoist Operator (s)/ Crane Op 1/1 - -

Cafeteria (Mgr. - cashier - food prep. -
dishwash) 8 -

Grounds - Landscape 2 -

Area clean. (roads - tracks - tailing
area) 4 -

Janitorial (Office - labs - shops) 2 5 -

gg)Power Plant (not coal) 6 2 2

General Maint. (total 8)

Plumber 2 - -

Carpenter-painter 2 - -

Electrician 2 1 1
Air-Cond. & refrig. 2 1 1
Lube & P.M. 2 2 -

Helpers 2 2 -

TOTAL 73 13 4

0
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WIPP SITE POPULATION
(~N
\ 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 -

Man / Materials Building

- Administrative 2 - -

- Health Physics 1 - -

- Salt Disposal 4 - -

- Holst Operator (s) 2 - -

Mine Personnel
(~)N%

TRU Level

- Supervision 5 - -

- Miners 25 - -

- Waste Handlers 10 - -

- Maintenance 5 - -

- Health Physics 3 - -

RH Level

- Supervision 5 - -

- Miners 25 - -

() - Waste Handlers 10 - -

- Maintenance 5 - -

- Health Physics 3 - -

__

TOTAL THIS SHEET 117 2 0
" SHEET 1 159 11 11
" " 2 73 13 4

TOTAL SITE POPULATION 349 26 15

GRAND TOTAL 390

|
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INTERIM REPORT

Remote llandling Facility Shielding Calculations - WIPP
Conceptual Design

PURPOSE: The layout of the remote handling facility is in progress. Pre-
liminary shielding calculations were performed in order to assess the
adequacy of hot cell shielding in the current design.

SIGNIFICANT RFSULTS, CONCLUSIONS AND RECOMMENDATIONS:
Current plant capacity requirements will probably require the transporta-

p tion of three high level waste canister at a time to the mine. It is, therefore,
v conceivabic that three canisters could be in the hot ec11 at one time placed

next to the control room or catwalk shield wall. For calculational purposes
it was also assumed that a canister was located at the viewing window being
inspected. An open, loaded shipping cask was assumed to be open to the
hot cell.

The dose rates received from these three sources are tabulated below:

CONDITION DOSE RATE (mR/hr)

4 ft - 5/6 ft - 4 ft -

O orai= rv orat=erv c rv*e-
concrete concrete concrete

(1) Three canisters stored
along shield wall awaiting

,

transport
|

Primary gamma 750.0 21.0/0.09 0.0705
Secondary gamma 6. 5 - -

Neutrons 0.645 I- -

:

(2) Single canister being
O haeatea 1" <<emt er

viewing window '

Primary gamma 162. 0 0.02-

Secondary gamma 1.43 - -

Neutrons 0.143 - -

.

I

O 90029046
I
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INTERIM REPORT
October 15, 1976
Page Two

O
CONDITION DOSE _ R ATE (mR/hr)

4 ft - 5/6 ft - 4 ft --

ordinary ordinary Barytes
', concrete _ concrete concrete _,

\

(3) Dose from open loaded
shipping cask g
Primary gamma 0.21 - -

Secondary gamma - - -

Neutrons - - -

Approximate Totals 1000 mR/hr 0.1 mR/hr

These calculations show that four feet of ordinary concrete is not sufficient
to reduce dose rates below the design level of 0. 5 mr/hr. Increasing the
shield thickness to between 5 and 6 feet of ordinary concrete would reduce

gradiation levels to within allowable limits but would tend to increase the
cost of the viewing windows. Four feet seems to be a practical shield
thickne s s.

For planning purposes it is recommended that four feet of Barytes (or
equivalent heavy) concrete be used for the shield walls of the hot cell.

As expected, designing the shield for attentuation of primary gamma radia-
tion was the most important aspect of the problem. Contributions due to
neutrons and secondary gamma radiation was negligibic.

Again as expected, dose rate from fuel stored in the hot cell storage ports
hcalculated at the side of the storage monolith was negligibic. A shield

thickness of eight feet was assumed for these calculations.

ADDITIONAL WORK: Additional shielding calculaticns will be performed
at a later date to determine the dose rates in the cask preparation and
decontamination areas due to streaming through the shield plug when the
plug design is completed. These calculations will determine the design of

j the isolation doors on the transfer passage. If the floor of the hot cell
over the transfer facility is constructed of ordinary concrete, there willi

be an additional contribution to dose rate which will be included in the cal-
culation. g

9002?047

-
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INTERIM REPORT
October 15, 1976

~

Page Three-

Streaming up the mine shaft as well as calculation of dose rate in the hoist
control room will also have to be considered in the near future when this
location of the control area is fixed.

DISCUSSION:

n (1) BUILDUP FACTORS: Dose buildup factors were calculated using two
formulas; one from Glasstone and Sesonske (paragraph 10. 70 and also
in the IIandbook, Vol. III-B, page 115) and the second taken from
Reference (b).

Although 0,8 MEV moncenergetic gamma radiation was assumed since
no gamma energy spectrum was specified for the high level waste,
for 0. 5 MEV gamma was assumed to add a degree of conservatism, i

;

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

O G&S 43
H&N 8200.I 89.5

Although the G&S formula supposedly calculated dose buildup factors
to within 5fc accuracy, the H&N 8200.1 formula wa's used in all dose
calculations in order to be conservative.

(2) VERIFICATION OF SANDIA SUPPLIED DATA: Sandia supplied data
is shown on Attachment 1. The accuracy of this data was checked in
the following manner:

(a) Line source geometry was assumed.
(b) Average gamma energy of 0. 8 MEV was assumed.

i

(c) An energy flux (MEV/cm"/ sec) was calculated from the dose '

rate data given and Table 9. 2, Glasstone & Sesonske.
|(d) An equivalent line source flux (MEV/cm/ sec) was calculated,
|

using the geometry of a cylindrical 16 in. diameter X 10 foot
long 11. L. waste cask. The area of the cylinder ends was
included to produce as high a line source flux as possible.

i

|

I
I

.

O 90029048
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INTERIM REPORT
October 15, 1976
Page Four

O
(c) The equivalent dose rate was at a distance of 10 feet in

air.

The results are listed as follows:

Source B_ase Rate (mR/hr) @ 10 ft
3Sandia Data 6. 5 X 10

Line Source Calculations 3. 72 X 10

These results showed good correlation with Sandia data and
verified the use of simple line geometry source terms. Most
of the calculations used a line source. Calculated results
were multiplied by two to initialize them to Sandia data.

(3) ASSUMPTIONS: The assumptions made in the calculations had some
conserva ' m included in their selection. These factors are sum-
marized e s follows:

(a) Monoenergetic 0. 8 MEV gamma. According to HfvN 8200.1,
most of the gamma energy in one year old HTGR spent fuel g
is 0. 8 MEV gamma.

(b) Buildup factors were conservatively calculated. See previous
dis cu s sion.

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

Neutrons = . 083 cm'
Gamma = .12 6 c m ' g

(d) Line source geometry calculations were modified by:

(1) Multiplying calculated result by 2.
(2) For three canister calculations, line sources were

4

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

to be on the " edge" of the cylinder rather than on the
center line in order to maximize dose rate. q

hs O

#
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(3)
Page Five

L.

(4) COMPARISON WITH PREVIOUS IIOLMES f: N ARV_ER WOR V.:
The

methods and level of detail used in these calculations is similar to
that used in previous company work (Reference b). In that study,

a gamma energy spectrum and multi-material shield was used.
Self-absorption in IITGR fuel assemblies was also used in B200.1 but
was not needed in this study.

(5) PRINCIPAL REFERENCES:

(a) Nuclear P eactor Engineering, 5. Glasstone, A. Sesonske.
(b) 11TGR Reactor Service Buildiac Alternate Fuel Handling and

Storage Study 3000 MW(t) Reference Plant NSS - 8200.1- August
1974, Holmes it. Narver, Inc.

(c) Procedures for Shieldine Calculations - Technical Report No.1
AECU - 3510, January 1957, R. Dennis, S. N. Purohit, L. E.
Brownell.

O

O
:

,
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HIGH LEVEL / INT LEVEL SOURCES

n -

v
CASK WT WATT DIMENS. XSURF X go'(, n SURFACE n to' l NO PER

(1bs) R/hr R/hr R/hr R/hr. CASK

ERDA HI 7000 230 2' X 10' 5000 400 1. 5 0.1
(TRUCK)

ERDA III 7000 230 2' X 10' 5000 400 1. 5 0.1
(RAIL)

NFS (INTER) 7500 110 4' X 4' 700 30 - -

(TRUCK)

AGNS INTER 15000 220 4' X 8' 700 60 - -

(TRUCK)

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

(RAIL

HL (TRUCK) 3000 3500 16 " X 10 ' 1. 3 X 10 6. 5 X 10 33 1. 6

4L (RAIL) 3000 3500 16" X 10 8 1. 3 X 10 6. 5 X 10 33 1. 6 8

O

90 9 si
-
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T= 400*F
F = 2413 \ Pst A
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O kg as. o -

h |201. 0 "

3
|

G YsTEM G L EIMG1 WILL BE BASED OM Coot DOWO
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O
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foe PoePosEs OF THE c ALcuLAT2Od IT 16 |
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CA6K COOLt MGr 1M EEPECCESSI M6'7
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Pool. WIPP (s E.sau tesp To cool TW
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CA5K5 totLL BESY C,EA\11TN 04LV - TME rAMK.
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.
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t 3 z 3
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F,= 309 Le/na.

54 L3LB/4R. O
b Q FOR SYSTEM * 341.000 - 97,000 +9, loo
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l or WATER NEATER _. (5 TEAM)
MAxt MUM Floto = 6.Z GPM

6P= 6 esI si4st.LfTues )" "

kloEMAL ILou) = 0.83 6PM STEAM i M SHELL.

tuter PRESS 0RE2 260 psi A

luLEr TEMPERATURE: ISO *F g
otm.er TEupseMURE : 380oF

Q - 9 r,00o eTo/ae
bLECTElc NEATER. (50PPLEMEMTAL)

M A)UMUM FLo u) c 6.26PM L 5 Hoer TEEM DUTY

AP= sesr | a=. to r, coo eTo/a" "

NoeMAL FLOW 3 C. B36PAA Tiu = (SiO T |

Tour =400*F $1lutET PesssoRE ^: 25F PSI A i

Flowu C. 85 GPM1NLET TEupEgg7pgg : 3 goop
( IS N~

OUTLET TEMPEEATURE = LO O *f I STAstTup goes

Q :- 9, (00 eTv/W g. ,

BOCK -O t7r 9eT'
C APAcrnt = 150 GALLous O

DESIC,O PEE 95UEE = 3O Psia

TEMPE EATuG2 =4*Y"

b llcutD 2EcstVER.
C APAltTY= 500 GAL. PGE PAC,e 0)

.

DES 16 d PRESSoRE =3CO PSI A1

" TeupeeATuEs = 40c*F g
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C OPee4 Tim Mews
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2. 5V5 TEM MAVE-UP WATER. GoME5 FEOM THE

EADWASTE RECYCLE TAk3E . I F LUA7ER. lu

O T" * Sv5 " " **'* " *5 *****S'"5 "
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PlPIM6- Two RE&'D BEGADSF ELD 6 Wou'r ALWAYS
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A MEAMS OF AssoRGO MEAT EGJECTtod VIA THE
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2 ioco
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EASES /y2 = EOcA :. 7 casts / tot = %4 CASKS
'

YR.
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MAXeusesy/va 364(bolz,0co)
5.&io* ero/ve.
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'
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ELECTElcAL Eugg(xY USED = f HP FOR )

8 u;es[( 68es} isp (,74s7 tio\TP)
|

|2uoktTas =
w v._

|

1008 tu.)WR [ EAR |=

cousouptioA1 = (oo8 tus4ah 3415_eLTu
KWME, g,49+v1 f4

COST OF ELIGEC,Y

Foe STEAAA = .35 [c, ALLodFUEL Ott

0.016 / a.o + 4.25 peu AMDtELEcTalcrry =

STEAM COST $
s7EAM 139OBTU/cs

LSS STEAu = G.5xlO c5__n,)_

Y P--

I.39+5 STv/te
44.sxI0 us/ve=

e
FUEL o|L BURJJEb TD C EEATE STEAM
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Of L = 4 0.56 /G ALLCM
| C, ALL o y = 138,700 BTU

O t o 'sTu = to' (.ss)
\.5.)

Z.5 2.=.

COST = 4 5.00 ro rate t MTOAss UME
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**IfiPUT DATA **

BLDG PH LOCATION: CASK CDDLING
PROJ. DIR. NO. WIPP CONCEPTUAL DESIGN DESIGNER: K. BROWN : 4

COST OF ELECTRICAL ENERGY USED, PER MILLION BTU = 18.9300
COST OF STEAM, GAS OR DTHEP ENERGY USED, PER MBTU = $7.2000
YEAPLY ESCALATION RATE FOR ELECTRICITY IS 5.7 %
YEAPLY ESCALATION PATE FOR STEAM. GAS OR DIL IS 8.0 %

( YEARLY DISCOUtiT RATE IS
8.0 %

iUMBER OF ALTERNATIVES BEING CONSIDERED APE 2 ALTERNATES

***PESULTS OF ECONOMIC STUDY ***

ALTEPNATE NO. 1 DATA (FASELINE)
INSTALLATIOfi FIRST COST............ 1.00
ANNUAL D & M COST (LESS ENERGY) . . . . 1.00
ELECTRICAL ENERGY USED............. O MILLIDri BTU
STEAM, GAS AND/OP OIL USED......... 63 MILLION BTU
ECONOMIC LIFE......................... 25 YEAPS

PESULTS
TOTAL FIRST YEAR ENERGY COST IS 1453.60
TOTAL ANfiUALIZED COST IS 11,062.320 TOTAL PPESENT UDPTH IS 111,340.00

ALTEPNATE NO. 2 DATA (HEAT RECOVERY)
INSTALLATION FIP!T COST............ 110,000.00

ANNUAL D & M CDST (LESS ENEPGY) . . . . 1200.00
ELECTRICAL ENEPGY USED............. 3.7 MILLION BTU
STEAM, GAS AND/OR DIL USED......... O MILLION BTU
ECut10MIC LIFE......................... 25 YEARS

PESULTS
TOTAL FIRST YEAR ENEPGY COST IS 133.04
TOTAL ANNUALIZED COST IS 11,195.99

TOTAL PPESENT MOPTH !! 112,766.90

***DIICDUNTED PAYBACK PERIODS ***

TD GD FPOM ALT 1* TO ALT 2 PAYOFF PEPIDD IS GREATEP THAN 25 YEAPS!!!!
SAVING!/ INVESTMENT PATID IS .857
ENEPGY SAVINGS I! 148 249 BTU PER ANNUAL DISCOUNTED INVESTMENT DOLLAR.

* - LOWEST INCPEMENTAL INSTALLATION FIPST COST ALTERNATE

__-_-----__--__-____-----__--_-_---__-__----_--_-_----___-__-_-----------

SRU 1.230 UNTS.

UN COMPLETE. ,

V t< ,- ,,

90029120
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77/02/08, 10.15.09.
PPDGRAM LIFCY1

-------------------------------------------------------------------------

111% LIFE-CYCLE CDST COMPAPISDNS $$$$

0
++ INPUT DATA ++

BLDG: PH LOCATION: CASK COOLIriG
PROJ. DIR. NO.: WIPP CONCEPTUAL DESIGN DESIGNER: K. BROWN 03

COST OF ELECTRICAL ENERGY USED, PEP MILLIDN BTU = $4.6800
COST OF STEAM, GAS OR OTHER ENEPGY USED, PEP MBTU = 17.2000
YEAPLY ESCALATIOfi PATE FOR ELECTRICITY IS 5.7 %
YEAPLY ESCALATION PATE FDP STEAM, GAS OR DIL IS 8. 0 '.

YEAPLY DISCDUNT PATE IS 8.0 %
NUMBEP DF ALTEPNATIVES BEING CuriSIDERED APE 2 ALTERNATE!

***RESULTS OF ECONOMIC STUDY +++

ALTEPNATE fiO. 1 DATA (BASELINE)
INSTALLATION FIRST COST............ S.00
ANNUAL D & M COST (LESS ENEPGY) . . . . 1.00
ELECTRICAL ENEPGY USED............. O MILLION BTU
STERM, GAS Arid /0P DIL USED......... 63 MILLIDri BTU
ECDt10MIC LIFE......................... 25 YEARS

PESULT5
TOTAL FIPST YEAR ENEPGY COST IS $453.60
TDT AL ANtiUALIZED COST IS 11 062.32
TOTAL PPESENT MOPTH IS $11,340.00

O
ALTEPNATE NO. 2 DATA (HEAT PECOVERY)

ItiSTALLATIDri FIRST CDST............ 110 000.00
AritiUAL 0 ? M COST (LESS ENEPGY).... 1200.00
ELECTPICAL ENEPGY USED............. 3.7 MILLIDri BTU
STEAM, GAS AND DP DIL USED......... O MILLION BTU
ECONOMIC LIFE......................... 25 YEARS

PETULTS
TOTAL FIPST YEAP ENEPGY COST IS 117.32 l
TOTAL ANNUALIZED COST IS 11,167.81 1

TOTAL PPESENT WDPTH 15 112,4(6.14 |

+++DISCOUtiTED PAYBACK PEPIDDS*** O
TO GD FPOM ALT 1* TO ALT 2 PAYOFF PEPIDD 15 GPEATER THAN 25 YEAPS!!! ,

SAVItiGI/ INVESTMENT PATIO IS .887 |
ENEPGY SAVINGS IS 148,249 BTU PEP ANNUAL DISCOUNTED ItiVESTMENT DDLLAR. '

+ - LOMEST INCPEMENTAL INSTALLATION FIPST COST ALTEPNATE
i

-------------------------------------------------------------------------

SPU 1.228 UNTS.
.~.

*

PUN COMPLETE.

90029121
0

@
.

.

-

.
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PPDGPAM LIFCYI

-------------------------------------------------------------------------
1111 LIFE-CYCLE COST COMPARISDNS 1111

O ++ INPUT DATA **

BLDG: PH LDCATION: CASK CDDLING
PROJ. DIR. tid. : WIPP CDhCEPTUAL DESIGN DESIGNER: K. BROWN ::2

COST OF ELECTRICAL ENEPGY USED, PER MILLION BTU = 14.6900
COLT DF STERM, GAS OP DTHER ENERGY USED, PER MBTU = $5.0000
YEAPLY ESCALATIDri RATE FOR ELECTRICITY IS 5.7 %
YEAPLY ESCALATION PATE FOR STEAM. GAS OR DIL IS 8.0 %
YERPLY DISCOUNT PATE IS 8.0 %
tiUMBEP OF ALTERNATIVES BEING CONSIDERED ARE 2 ALTERNATES

() +++PESULTS OF ECONOMIC STUDY +++

ALTEPNATE tiO. 1 DATA (BA S EL I riE)
INSTALLATION FIRST CDST............ 1.00
ANNUAL 0 & M COST (LESS ENERGY).... 1.00
ELECTRICAL ENERGY USED............. O MILLION BTU
STEAM, GAS AND/DP OIL USED......... 63 MILLION BTU
ECONOMIC LIFE......................... 25 YEARS

PESULTS
TOTAL FIRST YEAR ENEPGY COST IS 1315.00

TOT AL ANNUALIZED COST IS 1737.72
TOTAL PPE5ENT WDPTH IS 17,875.00

(
ALTEPNATE NO. 2 DATA (HEAT RECOVERY)

ItiST ALLAT IDri F IRST COST . . . . . . . . . . . . 110,000.00
ANNUAL 0 8. M COST (LESS ENEPGY).... 1200.00
ELECTPICAL EtiERGY USED............. 3.7 MILLION BTU
5 TEAM, GAS AfiD/DP DIL USED......... O MILLION BTU
ECDriDMIC LIFE......................... 25 YEARS

PE!ULTS
TOTAL FIRS 1 YEAP EtiEPGY CDST 17 117.32
TOTAL ANNUALIZED COST 15 11 167.81
TOTAL PPESENT WDPTH Il 112,466.14

+++DISCOUtiTED PAYBACK PERIODS +++
A

TO GD FPDM ALT I+ TO ALT 2 PAYDFF PEPIDD IS GPEATER THAtt 25 YEARS!!!!-

SAVING!/ INVESTMENT PATIO IS .541
EtiEPGY IAVINGS IS 148,249 BTU PEP ANNUAL DISCOUNTED INVESTMENT DOLLAP.

+ - LDUEST INCPEMEtiTAL Ir4STALLATIOri FIRST COST ALTEPNATE

- ----------------------------------------- -----------------------------

SPU 1.206 UNTS.

PUti COMPLETE.
.

s .

4/ 90029122

;
t,

'

s. ~



RUN

77/02/08, 10.08.07.
PPDGRAM LIFCY1

- - - - - _ _ _ _ - _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - _ - _ _ _ _ _ _ - _ - - _ - _ - _ _ _ - - - _ _ _ - - _ _ - _ -

$$$$ LIFE-CYCLE COST COMPARISDNS $555

++ INPUT DATA **

BLDG RH LOCATION: CASK COOLING
PPOJ. DIR. NO. WIPP CONCEPTUAL DESIGN DESIGNEP: K. BROWN :1

COST OF ELECTRICAL ENEPGY USED, PER MILLION BTU = 18.9300
COST OF STEAM, GAS OR OTHER ENERGY USED, PER MBTU = $5.0000
YEARLY ESCALATION RATE FOR ELECTRICITY IS 5. 7 *:
YEARLY ESCALATION RATE FOR STEAM, GAS OP DIL IS 8.0 %
YEAPLY DISCOUNT RATE IS 8. 0 *.
NUMBER OF ALTERNATIVES BEING CONSIDEPED ARE 2 ALTERNATES

+++RESULTS OF ECONOMIC STUDY +++

ALTERNATE NO. 1 DATA (BASELINE)
INSTALLATION FIRST COST............ $. 00
ANNUAL 0 & M COST (LESS ENERGY) . . . . 5.00
ELECTRICAL ENERGY USED............. O MILLION BTU
STEAM, GAS AND/OR DIL USED......... 63 MILLION BTU
ECONOMIC LIFE......................... 25 YEARS

PESULTS
TOTAL FIPST YEAR ENERGY COST IS 1315.00
TOTAL ANNUALIZED CO!T IS 1737.72 gTOTAL PPESENT WORTH IS E7,875.00

ALTERNATE NO. 2 DATA (HE AT RECOVERY)
INSTALLATION FIRST COST............ 110,000.00
ANNUAL D & M COST CLESS ENERGY) . . . . 1200.00
ELECTRICAL ENERGY USED............. 3.7 MILLION BTU
STEAM, GAS AND/DP OIL USED......... O MILLION BTU
ECONOMIC LIFE......................... 25 YEARS

RESULTS
TOTAL FIRST YEAP ENERGY COST IS 133.04
TOTAL ANNUALIZED COST IS $1,195.99
TOTAL PRESENT WOPTH IS $12,766.90

***DISCDUNTED PAYBACK PERIODS +++
|

|

TO GO FPDM ALT 1+ TO ALT 2 PAYOFF PERIDD IS GREATEP THAN 25 YEAR $!!!!
IAVINGS/ INVESTMENT PATIO IS .511
ENERGY SAVINGS I! 148,249 BTU PEP ANNUAL DISCOUNTED INVESTMENT DDLLAP.

+ - LOWEST INCPEMENTAL INSTALLATION FIRST COST ALTERNATE

___.___--_______-_____________-___________-______________________________

SRU 1.200 UNTS.

RUN COMPLETE.

.' N. .

.

900U29 I 23
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Pil0NE-TALK
,

'

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

FRCM: B. Steinbaugh, Sandia Labc. Page 1 of 1

~

0
SUSJECT: WIPP - ENERGY COSTS AND WATER SUPPLY

'
.

.

Bob called with the following energy costs:
Ute-

Cost /1 000,000 BTU,h/,50/wW
*

I' -

Natural Gas A $0.40 *g -

f 2.14 ,33 . ~' 'Fuci Oil
Electricity

' 6.74 ,afJ4 ,,,C/ (4 26 !NQ
--

,

\ {3 eTh ~)O. Sandia currently favors the Double Eagle r systern but would like
to carry both Doubic Eagle and Carlsbad through the cost estimate
phaso of the project.

I requested thtt Bob investigate for any available rainfall' data in i

the vicinity of the site for use in hydrology studies.

Drawings of the Super Tiger and 600 series ATMX cars are being i
sent in the mail to F&S and ll&N. .

.

.

KR1\/b1 -
.

cc: L. Sculty. Sandia Labs.
B. Steinhaur.h, Se naia Lab.4 Q3,f
J. Anh, Fenix & Scisson*

M.1*)atekin# /7<80 ./ y .

A. Dunham ' '?

O -

.

eM '
90029124
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3 d. ERDA STANDI 3TU CONVERSD N FACTOR
FOR ENERGY CONSERVATION REPORTING Q),.

s

| l':
[[ Form of Eneroy Btu Content Stu x 109 oer Reporting Unit

' ' . .
C'

...

5. ** Electricity (2)
, ,

11,600 Btu /KWH '' ' 4.0116 per F.at (tegawatt hour) @*

c.
v. - ~<

.-
,138,700 Btu / Gal. ' , O.1387 per 1000 Gal u . --7- Fuel Oil

2<

..
.O Natural Gas - 1,031 Utu/C.F. ' ' O.001031 per 1000 C.F. 5

'

*: .- __
.. ..

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

O.0955 per 1000 Gal. . 9
3 .",

-

$ Coal - 24,580,000 Btu /Short ton 0.245B per short ton
.

g
3

*

3.
b. Other (Exa=ples) - Steam (4) - 1,390 Stu/Lb. "''- 0.00139 per 1000 lbs.

~ ,
g

fi - Chilled Water.(5) 24,000 Btu / Ton-hour 0.024 per.1000 ton-hours a-

Methanol 63,500 Btu / Gal. 0.0635 per 1000 Gal.- 5;
.

-

4 .* .

Ii Aute:otive Gasoline 125,000 Btu / Gal. / '

O.125 per 1000 Gal .
'

? ?

.? f Diesel 138,700 Btu / Gal.*/ ' O.1387 per 1000 Gal. h~' '

-

-

.
. . e,

w ..
125,000 Btu / gal. v ,. . 0.125 per 1000 Gal. - Z

.

-Q Aviation Gasoline~

c:. . . ,.O
-

.
130,000 Btu / Gal. e 0.130 per 1000 Gal. -

. ' ~ .,; Jet Fuel
O .

N .E .

*

* ~/. (1) The use of different conversion factors is pqrmitted only'where such factors are identified and justified,~-*

.V and is subject to FCM approval.
'~~~

N ~ (2) Electricity. - Assumes 10,536 Btu per KWH generated at station and 9% line loss.a;
W .

(3) Includes Propane and Butane.//' (4) ' Assures 1000 Stu per pound of steam generated at boiler plant, 80% boiler efficiency at 11% line loss.
(5) Assumes 12,000 Btu per ton-hour, and overall efficiency and 11% line loss. E'-

f
* 'g-m .

.

;-

. . . .
. .

.<-
.

*
}

*
-

.
.

; : **
, . g--

i '.i
" I

. .

t * :. - .
-

S*
t .- o

|T. . 1 - e-
,

; .

4, . .
,

a r--

f, . , . .f [_ ~_~~f, i , 2*.'' ".'. ,
* 2 h,m,kh,-

,

7g]. ~l d.p$ Wf[[.! ' 7'
''

'' '

.-

d. x- y .m p . .
.

( . . .. _. .
y-

. ..,

:,

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ -.- <-
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HVAC CAtcutAneus
!

0 |
|w e 9,*,w

3%g & 4VAC S

O.

O |

|
1 1

|
'

|
!
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90029126
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,

2 ~l ~7"7
"

* ***LIFCYl**** *

O TNPUT DATAV
4030 D ATA " 78U Wcf 5O kM [/[k Bldg. Name.- K$"

4040 D ATA " (ary /S / d M Location - J$".

4050 DATA " OPn v h Proj . Dir. No. - P$"

4060 DATA " M bikb [GCWM Designer - D$"

4070 DATA 6.93 486 Cost of Electricity, Per M3TU - C2 0

A 4080 D.*TA $.00 [7.2O) Cost of Steam, gas and/or oil, per MsTU-C3
L)

4090 DsTA 8e7 % Annual Electricity Escalation Rate, % - R1

4100 D.tTA N/-Ed Annual Steam, Cas or Oil Escalation Rate, - R2 |
*

4110 D2Tt F3 Annual Cost of Money (discount rate), :-I

4120 DATA N Number of Alternates being considered - H I

ALTERNATE NO. 1

4130 DATA" 3 0 N//r P
~

Alternate Na e - A$"

A) 4140 DATA d Installation First Cost - Ct,

4150 DATA O Annual 0&M Cost (less energy) - M

4160 DATA - Electrical Energy Used, MBTU - E

4170 DATA 53 Steam, Cas and/or Oil used, M3TU - S b 3

4180 DITA 28 Economic Life, Years - N

ALTERNATE N0, 2
,

4190 DAT A " M^N[ h P ( N ? r '/ Alternate Nane - A$"

( 4200 DATA MM /6000 Installation First . Cost - Cu)
4210 DATA M 2.00 Annual O&M Cost (less energy) - M

! ectri:al Energy Used, M3TU - E4220 DATA ~3. (o9 0 El

4230 DATA O Istea=,Casand/orOilused,MSTU-s

' 240 D.dA M8 Econe:!t. Life, Years - N[.

.

-

% .

-
.

.

s oo 90029127 .
-

.
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HOLMES E NARVER. INC. s ei . 12 S/ . 0 0cucciin oa,,
ENGINEERS-CONSTRUCTORS

! 3-oFAPPR Vio oATE ANAHE M CALI . 92801 SMfET

n,a WIPP-NVAC (Nije A & Low Lew/ f&ci///ies) Mt on,E l- 2 0-27r ,,

Desi9n Crih eia (WorA der *1)
Su m w e e 0v1 side 44*F

Jhside T2 * r A T= )7*f 1

Winfer OyIside 21*I

Jncidt 6 5'f A T: HF
[0 $$it t.5)

Wi n te r lu si de 7A* O I ' S' I

''V '' fa t he s \da IIs 0.097
;

Roof 0.07 1
'

flah 0,/6

To/a | Eevi v. Te ~p Dif. co< <etfio-
1,, s i d e vs- 32 = -7 * Ov/ side (14 - 85 = I4 *

}ola| corr ec/ ion 14- 7 = 7 'r |

Nijh |-e ve l Fa t . (High Bay on ly)
~

.is m e r in s ide = Io +T; , 94 + n 9p.s 4 T - 3*5 F#
2 A

W;sler le s ide , To + 7; , yS , 4 3 3 7 . ,,,, og
2. g

"u " Fa ilor
Wa// o.5D25

TE7D lotfetfiD>
1mside 15 - 90,5 = -IS.S ou| side 9 9- 85 = I+

dola| cor y et / ion id - 15 5 = - ).S*f=

._ .__._ _. - - - _ _ - - - - - - - -

O
/0/ ~

.
.

90029128
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HOLMES r> NARVER. INC. ,,, no. 32 61,00
encuo carr ENGINEERS-CONSTRUCTORS

$Nfff 0F
APPROVID Daft ANAME M. Call . 92801

,,ra un p p - H VA & tw ,,,,1-2o-n O
'

,,

Ce n s} r a <J i o n Data " v '' Fa d o ri-

E x + e v o' or Wall '

[o 0. l1

conce ele (ze) *2 23 |
,

'

I. 3 (o(;(2)
Bicc h (12"t.v. w/J?lieJ volds) 5 12

f; o.41 Q
/0 3/

v : ,h, : o. 9M9

Roo l lo 0.25

Roolin3 0 33
9 48In sujalion (kty 1d.3 q")

s la b ( co nce ele-It") | 32
|| o.92

O
u ,bo = 0 07

,

Ex fr v ;o r % Il (H:gi, Leu) -Hig h bay.)
g, o.n

Cos crt|9 (It") I. 14

Il $g 9
i.

.

,gg = o. sn sv.

1

l' O
90029129

'"
'

.
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HOLMES F, NARVER. INC. ,,, no. 9'a S/. 00
enicit0 onre

'"E'Edfr"HE|'8e* 3
'

4

(d-
$NEEr 0F

"myto ontt AN AHEIM, C ALIF. 92801.
-

ritti W IPP - N VAV /W' onte 1-2 0-77ev

Nulliplys'ey far/ prs @ 4:00 M. Su n Tie

NE va l) 0. o 96 9 9 (s t,. +z) 2,o 3y

0. 0 4 6 9103 + 7) j, qq|| V Wa ll
0 0 9499 (IS+1) 2,\34S5 Vu ))

SW Va 11 0 0 9699 (IS*d 2.I34

5w Door 9,3 $ (ty+y) g2,j

tr o o.1 o.02 Our 24

%/ivfer

Wa ll O.09499 (44) 4.267

I?001 00Y (44.) 3. 52
. . _ _ . _ _ _

. . _ _ . _ . ._ _ _ _ . . . _ _ . _ . . _

Le sel (u t s Bey.) @ 4:00 p. n Su n 7; ,, eH tyk 3

0 NE Vall 0.5025 (!4-1.5) 4.27

NW Wa ll O. 5 0 2 5 ( 13 - I. 5 C.17 9

WW boor J.o (2|-15) )95

Sr Wall o. 50 2. 5 (IS -I S) 4 714

.5 6 Door I. o i 21 -1 5) 19 S

Sw Wa il 0. s o 2.5 (15-I. 5) 4'7?4 |

o . o ? (23 - 1 5) I' Y2
R oof,

,

" ' ' " " "
O

van o. so a s (n> ii. o ss

Roof o.0 r On i. n

O
'c54 90029130
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HOLMES F, NARVER. INC. ,,, ,,, g 2 5 j , 0 0cure,re carr
O\ 400 E. ANGETH R E AVE [fQ APPR0VfD CATE ANAHEIM. C AllF,92601 $NIET / OF

sists TRU wa s te Fad lib AK anss i-20-77,,

In i er n al Hea f Ga i >, A sso np %, s

Un loa d ,' a s /Lo ad;-)_ A resa<

Lig41iq 4wrlis/n.9 B.Gr 370 /$=
;

10,052Dr u m s 320 G lo w =

0 hists (50% vse.) 2@ 40 IP = " " E ** 102, 390=

People lo 6500 b7VDens) 3,090=

Inurnlorvb>-en Area

L i 441s3 4 walls /so.h = |2.65 STV/*
f

Drum s i300 +s20 = 1620 e is w so a 70=

5tk||$'|s (Y5fo v. sed 2@20 }es "''"i{$x? * 130,262
Pe:ple 25& 2ooavOsQ 1, roc=

O .

t

Ovrrpad |E9nic|Lah._

LigiJ ;83 4 wa tts /So.H- = |3. 4 5 i: Tv /+
Drum s 60 6 lo w /1 fr5
No ij i (5#o use') 40 9 c Y'" 5/, Iq5= \

1, sno j
People SGsnswOnO =

0 Ollic e_A rea __

LigU;89 .1 watts /so.h. = 10.14
Pco pie io e 2so Bru cse,c = 2., go

O
/66 ,, ,

" > " 90029131
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HOLMES E NARVER. INC. gggj, oo
enicaro ute , , , , , , ,

'."$E'5"120$&v"e* g*

APP m re catt AsAssiu. cAtir. orsei suert E or

TR V V/n fe % s'|,'fy W carr 1-2 0-77n,teste

u loadiny / Loadive Avcrn

A rea Faclor Coolin3 fackr Neaky

//g TD 2.037 7.4,'2.00 4 26'/ fo,492//E Va // 297440'

:

// U 5/er // (E4 x 40)-324 : /336 /. 4 4 2 542. 4 167 */ 7 3 4
3

Ntd hoo,- rt / /7 = 32.4 Q = r.5 2.'754 4 O 22. 7,/27
5,061 h3: Wall (54 r 40)- 9n : )l%T 2.I24 2 535 4 247

SE Door 3f/Snr . 972 35 7 770 22. 2.0,394-

Aod 2 9h 54 : /4 03% L4 M, 49l 2 52 54,454
3.

} ig],ts (9kw/h /6, 03 B 13.45 118, 9) 9

I'!o fer: 2 @ 40FC /02, 3 9'O

E)rvms 320 $ /0W |0, 052
peop e to e 200 er)(se O g , 0 00j
C5/ (w/retov.) 2.I,3 5 3 h 6xl08 / 3 ?> 2 37 /S.4 xl.0 B 374,810

,SSR,020 502,351

O
.

4

I O

O
lob

9002902.-
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HOLMES F, NARVER. INC. g2gj On,,, ,,,
cuicuo narr

[O 40 E. ETH E AVE
$Nffi 0F

APPROVfD DATE ANAHEIM. C ALIF. 92801q

TR0\dade fueo'||ff W onsn H o-17,,,na

. inver log. K Prepea+ios

Area Faclor cooling fac/w Hecr k y

N W W a ll 44 r 24 I534 /*94- 2 9 to 4 247 6554

CW Wall /00ft4 2 AoD 8, 13 4 SI32. ?.2 $ 7 10 2.41

O sc wa no u s ee z . n+ we s. w a ns

Soub 37 000 # 3 Y 0"* 24 ST T## 3 52 f30,240
3 2

L lykt5 64ai/str ,?7, 000 13 45 505 050

Nohrs (2 - 20 k dies e[] @ yS*4 usage 230 242

Devms 13 00 + 5 20 610W TO 890

Peyle as e 30c arv6een 1rn

05h (w/rt.cov) I2 0,000 [ 4 x/.08 777,600 /5 4 x 401/,795, 84o

|2 076 4 % | 2 ,159,2.4 03

O

O
,

|

|

|O
'

90029133/67 ^
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HOLMES & NARVER. INC. g) g/, co
careno eu, 3,,,,,,

'*o$7'oINfr*w*oE['47s' 4, gineri or ganuvre ons ,sissiu. cAur. orsoi -

TR U ulosfe fa t ||, fy M( ens 1-20 77'

ns n ,a

. 0117Av.k ..LRep a ir A l~ a 6

A re ct Fae+or cooliu3 Focelor Hectiisy

N W Wa || % x 40 3540 f. 9 + 7, + To 4 .2. 4 /fo,358
5 V Wall 33 A 40 132.0 2. 134 7.,T 17 4-tG I,423
S W Wa ll 33s25 6 15 2 l3& I |10 0 42& 3,5)5 hS r Wall 64x15 960 2.134 2.,0 44 4 2G 4,040

Roo} SL30 24 I2,SS2 3 52 J E, J lor
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- These charts represent the average BTU's per day per month that can be collected on a Raypak notar panel. For locations
shown, merely pick the amount of heat you need and the chart can tell you how many panels are needed,

i

E xample - average home family of four - 140* hot rister usage - 15 gal, per person
Amount of water needed - 60 gal./140*

Incoming water temperature -GO*F
60 gal. X B.33 wt. per gal, water =499.80 lbs.

1 BTU will heat one Ib. of water 1* per hr. Thus 1 gal of water can be heated 1* by 8.5 BTU's

1 X 499.80 lbs. = 499.8 BTU's for 60 gal, at 1
,

Thus,499.8 X B0 = 39,984 BTU's needed to heat 60 gel. of water to 140*F. .

EXAMPLE MAY NOT BE APPLICABLE IN ALL LOCATIONS

i

APPROXIMATE BTU PER DAY FOR ONE MODEL
MBru SG-18P SINGLE GLAZED COLLECTORPER DAY

AVERAGE

i
29 -, r ;---m

t 28 44 -

.'
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26 -
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25 ---- b- -- F '-*
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WIPP - WATER SUPPLY AND SEWAGE
,

TREATMENT

DESIGN B ASIS

The WIPP facility includes a water supply and distribution system and a sewage

t reatment plant. The site population is approximately 400 on a 24 hour basis,

and the systems are designed on the following basis:
Gallons / Day / Pe rson

Water Supply 50

Sewage Treatment 100

The capacity of the sewage treatment plant exceeds the water supply system

capacity in order to account for system surges. If the two systems were designed

for the same capacity the sewage treatment process would be unable to accept
p su rges in flow. The effluent control would suffer as a result. Using a design

philosophy which allows for surges results in a higher quantity sewage treatment

pla nt.

The WIPP facility peak water demand will be based on a combination of fire 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:

Capacity Gallons

Fire System Make-Up 135,000
,

Domestic Demand - 400 x 50 20,000

Process Demand 5,000

Total Peak Demand 160,000

Peak System flow in the eight hour period will therefore be:
,
,

160,000 gallons /480 minutesPeak Flow =

332 gpm during fire wate r make-upPeak Flow =

From Sandia Design Criteria
-

'

O
90029154sa1
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Page 2

Average daily demand will be based on total site population per 24 hours day

plus process requirements.

Average Demand = 400 people (50 gpd ) + 5000 gpd (Process)
person

= 20,000 gpd + 5000 gpd

Averace Demand = 25,000 gpd

Ave rage Peak flow during 8 hour period = 25,000 = 52 gpm Average
480

Due to the small site approximately 1000 feet by 2000 feet and containing 11

buildings having 164 plumbing fixtures and a kitchen with a total of 902 fixture

units, the 902 fixture units require a peak flow of 200 gpm.

A duplex constant pressure water system with 2 - 100 gpm pumps at 60 psig
will distribute the domestic water to the buildings.
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HOLMES S NARVER INC. '** "* gpgf *coco, om
TECHNOLOGY ~ CONSTRUCTION

400 E. ORANGETHORPE AVE. /,,,,,,,, _payg gg,,, ,,
ANAHEIM, CAUF. 92801

0 WIPP .W A rr2 O G M A kt DS ERe om 2-12-77- er,m. .

PLUM B | N G PlV TURis
B UIL D ING y,c y, (p, gg, g,f 3,3 p y,w

6 MAH /MA TER / A LS 10 G 10 23 2 2 2
'

2 A DM IN IS TR A TION IS G lb 3

10 TRU WAS TE 5 3 5 8 I

3 WA R E M60SE /5// OPS 6 .9 6 2. I
II HO/S T HO US E 2 2

*

eO 4 YEH /CL E MA IN TEHCC / I )

I G A TE Hovse i I

21 MINE FIL TE R | { / /
16 EMERQ ENCY POWER | |
G 2 AD. WA S rE LAUNDRY l I | /
12 R. H. WASTE 7 5 7 5 2 I

To TA L 40 24 40 +O 10 i 2
, ...

h PEAK W A T E R. DEMANO BY Fl x Tu f* C UtilTS '

V To rA L S I TE-
WA TEM Clo SE T 40 W/D 400::

UR IN A L 24 x 5 120=

80 |t. A VA TO Y. Y 40 * 2 =-

)60 |SH o wER 40 7 4 =-

| D RIH K |= T. 10 X. I 1- 10
i JA tl. SIN k VY3 2. 4=

8 |FOOT HASH 2x4 =

100KITC H EH '

0 \Tora L F/ KTURE UNITS = fC'2-
TC TA L DSMANO '702 Fu = 2.00 G P tt

tis E DUPL EX CO NS TA N T P zGG S UR G SYSTEM |
2OO G Pri AT GC PSI foe DIS T Rie t> T/o d.
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TECHNOLOGY- CONSTRUCTION
2400 E. ORANGETHORPE AVE. gg ,,, ,,

anaovio care
ANAH EIM. CAUF. 92801

WATER DEM AN 05 avERQ oss. 2- 22- Mtali PP - ,

rm..

"

MAN- M ATERI A L S B UIL D ING
Fl Y T UR E UNITS

lo oJO x 10WC c-

30U 6x 5 '-

'
LA V ~ IOW 2 20

'

92SHo w - 23 x + "
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8 &F607 WA~ 2A 4 '
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ADMINISTR A T/o M BLOG
F/ YT 02E UN /7'S
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306 x 5'O =-

LA V ~ j$ > 2 30'

9J. 3 ~ 3x 3 ~

** 100KIT CH E N
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SOWC 58 /0 =-
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S HowER - Tx4 2Z-
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HOLMES S NARVER.INC. 72 5/. o oso, so
c.,, c., , ,,,,

TECHNOLOGY-CONSTRUCTION
J400 E. ORANGETHORPE AVE. gg,,, ,,

appeevio ,ayg
ANAHEIM, CAUF. 92801

O YI 1 PP - W A TE R DEMAND n,r _ ER Q pa,,2 U-77
rm.

WA R E HOUS E 4 SHo PS
f/ Y TUR E U N ITS

= GoWC - 6 xto
I S~V- 3x 5 =

= 12LA V - fo x 2
$HoWER~tx $ 8-

3J. SIN V Ix3 =

96 t=/A TURE l) NITSTo T A L *

TD TA L D EM M O w 6 7 GPM P EA K.

Ho lS T NO US E
F I V T U K E~ UN/7S

20WC- 2 f, 10 * =

4_LAV- 23 2 =

L4 Fl x TUR 6 UN I T5TO TA L ~

TO T A L OEMAND: 4 6 G PM l' E A X ..
.

VEHICLE M AIN T ENA NCE
Fl< T UR E UNIT S

loN C. ~ j v to ,

: S0- ) x 5
?_-LA V ~ l K 2 =

-

' | 7 f/YTOKE VNirS[b 7 A L '

To rA L D E*/d A H O = 33 GPM PEAK.

G4TE Hous E
FIvru2E UNIT 5
WC- I s /0 10:

O uv- ,,2 z=

/2T*O T A L ~

TOTA L D&M AnD 2G G PW P G A .Q

MIME F/L TE K.
f t X TVK E UN / 7 5
WC- I s to to=

2LAV- | x 7_ =

4 90029158snou / x + =

Q L-O. F I +1 :

TC* i'ilL - | 7
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HOLMES E, NARVER.INC. gggf, oo, , , ,cmx,, ,,,,
TECHNOLOGY-CONS TRUCTION
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ANAHEIM, CAUF. 92801
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4
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O
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TECHNOLOGY ~ CONSTRUCTION
400 E. ORANGETHORPE AVE.
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AM BEEA/ CONP/ LED UTIL/E/AMi EST/MATTD

MOTOR. doid5E/: cum 2 S/2E5, 7AE CCA/A/EC76~b,
~

NO RM A L. AAlb l/rTAl. LO4DS, /N KVA, HA L/E |

BEEN CALCULATFD uS/AM; THEFCMou)/Hff

FORMOLA, i

LOAD (KVA) =ffull LOAb)
.

powc/? Scwt
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NOTE: These calculations were originally performed
for the dual preparation / decontamination room

| concept, Room sizes have changed. Lighting gloads are conservative.
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~

ILLUMINATICN CALCULATION SHEET
For Use with IES Zonal. Cavity Method

(See individual data shocis on luminaires for coefficients of utillgation) .

GENERAL INFORMATION
' *

-

~

Jo mp any nam e a nd ad d ress . . . . . . . . . . . . . . . . /4 /r, ff.W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted. . . . . . . . . . . . | .ff?9.T.5 /2. . . 6.Y. . . . . .$ . . M9 W.Mf. . . . . . . . . . . . . . . . . . . . . . . .'

Design ievel of iliumination. . . . . . . . . . . . . /19. f C . . . . . ftntttet) (maintained)

Calcula t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .C h e c ked by. . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

Oc - .1_ _"f
1.."

Dimensions

= F. . . . . 8.l . . . . . Room Length *

, , ,

. . . . . . 3 E. . . . . . Room Width - I-'

' his
. . . . . 74. . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . .f.f. . . . . . . Distance f rom iuminaire plane to ceiling (hec)

. . . . . . .f. . . . . . . . Height of work plane above floor (hfc)
~

Room Surface Reflectance m 7e Luminaire
,

. . . . . . 7.9. . . . . . . Celling M a n uf act u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane C a t alog No. . . . . . . . . . . . 7 M.9 . . . . . . . . . . . . . . . .

. . . 4 9. . . . . Walls between luminaire & No. & Type lamps . . . . R M.'t?.W. . . . . . . . . . . .

O -''a'*"-
Lum e ns ete n. . . . . . . . . .e. .e e. . . . . . . . . . . . . . . . .

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

Lig ht loss Factor . . . . . . . r 79. . . . . . . . . . . . . . . . . .
. . . . . . I.Q . . . . . . . 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 = ./ ; Floor Cavity Ratio = o
2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p.,= 67 -

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

4. Find coefficient of utilization from published data (for ,. = 20%) C.U. ='. 4 7e
.,

N o. or _
Her c w oLv5 X ^ * !^

p ox TJn t s Lwps/rurne y twws(wr, A Co .g LLF

|0 A /PCF ,yggo
G- -

6100 A.41 s.'c 5 i;s, s

.
.

O
1..

I1 >M
_

90029166
\

- _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ - - - - -
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NILLUMINATICN CALCULATION SHEET
For Use with IES Zonal Caeny MeNeed . g.._

_

** .

(See individual data sheets on luminaires for coefficients of villitstion)
-

'
'

GENERAL INFORMATION -

o mp a ny na me a nd a d d r e sa . . . . . . . . . . . . . .'. .d h .9.4.91. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

A r e a t o be li g ht e d . . . . . . . . . . . . | . . . 7.M. . . .D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .
I

Design level of illumination . . . . . . . . . . . . . . i p. f.S.. . . . . M)(fneintained)

Cat c ula ted by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Che cked by . . . . . . . . . . . . . . . . . . . . . .Date . . . . . . . . . .
.

4DESCRIPTION OF AREA AND LUMINAIRE
~~

...L
- ~f

L ..
Dimensions 14

. . . . . . !.T. . . . . . . Room Length * p.

. . . . . . /.4. . . . . . . Room Width - - - - - - - - - - -

h9s

. . . . . .'/.3. .f. . . . . . Height of room between luminaire & work plane (hrc) 6

. . . . . . R..T. . . . . . Distance f rom luminaire plane to ceiling (hec) '

,

. . . . . . . 9. . . . . . . Height of work plane above floor (hfe)

Room Surface Reflectance in % Luminalte
,

. . . . . . ."l 9. . . . . . . Ceiling Manuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

' . . . . . . . . . . . . . . . Walls above luminaire plane Catalog No. . . . . . . 2 /P.?. . . . . . . . . . . . . . . . . . . .

. . . .S.Q . . . . . Walls between luminaire & No. & Type lamps . . /. .S .V.9.H^''. . . . . . . . . . . . . . .
work pf ane Lumens M:emp . . . . . ) ./.8.ct , , , , , , , , , , , , , , , , , , , ,

. . . . . . . . . . . . . . . Walls below work plane - Lig ht loss Factor . . f. ;.po. . . . . . . . . . . . . . . . . . . . .
-

.

. . . . . 4 9. . . . . . . . Floor (LLD x LDD)
.

-
.

SELECTION OF COEFFICIENT OF UTILIZATION
-

1. Determine cavity ratios using Table A or by formula

Room Cavity . Ratio = 13f ; Ceiling Cavity Ratio = ,J ; Floor Cavity Ratio = 0

2. Obtain effective ceiling cavity reflectances (y,,) from Table B; p..= 44 -

3. Obtain effective floor cavity reflectance (,,,,) from Table B;pr, = to

4. Find coefficient of utilization f rom published data (for , = 20%) C.U. ='. .26'
.

'

.o., ,,, , c _ , , , - , .
,

Pown e s twesjr,a rsar x te, ,as ,,,, A C0 $ LL F .

/ , t,,5 24/o X /co _ fc.o _ .::,--

_

g r oo x .1c s .n 904.5
'

.t .

'

\

a.
- >

M3' 9-

90029167-
'

s

n .,

- \ p.
.

.

_ _ . _ _ _
n ..
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'

ILLUMINATION CALCULATIC3N SHIEET
for Use with IES Zonal Cavily Mefkod

(See individual data sheets on luminalres for coefficients of utillzailon)
/^\ {

U GENER AL INFORMATION -

Co mp a ny na me an d add ress . . . . . . . . . . . . . .'.M . [r s . .Y.h.M.k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A r e a t o be li g h t ed . . . . . . . . . . . . ; . . . 2d. . . . .I. b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination . . . . . . . . . . . . . /.Q .6.C . . . . . W (maintained)r

Cal c ulat ed by . . . . . . . . . . . . . . . . . . . . D ele . . . . . . . . . . Chec ked by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE 4

-_.1._.
"f

1..."
.

Dimensions

Q ,, m
. . . . . . .O . , . . . Room Length w.p.

.

- I-"

. . . . . . ./. 9. . . . Room Width his

. . . . .Nif. . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . 4d . . . . Distance from iuminaire plane to ceiling (hec)

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

Room Surface Reflectance l '? % Luminaire
,

. . . . .Y. . . . . . . . . Ceiling M a n u f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane C a t al og No. . . . . 4 /@. . . . . . . . . . . . . . . . . . . . . . . .'

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

.. 4 0. . . . Walls betweenluminaire & No. & Type lamps . /.T.M.C.W. . . . . . . . . . . . . . . .
* E ' *"*O Lu m ens / temp . . . . . . 3 1 R P. . . . . . . . . . . . . . . . . . .

. Walls below work plane Lig ht loss Factor . . . t.7.o. . . . . . . . . . . . . . . . . . . . ...,.. ... ...

. . . 2 0. . . . . . . . . . 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 = .Y ; Floor Cavity Ratio = 0

2. Obtain effective ceiling cavity reflectances (p-) from Table B; p,,= 4r

3. Obtain ef f ective floor cavity reflectance (,,, ) from Table B; ge, = 2o

4. Find coefficient of utilization from published data (for pr = 20%) C.U. =', , 2. 6

J;
~ , , , y. r -o o s x-

,

1; t * Ts) rt e s L sMrs/rn s roon t >( t. wen /w n X C0 X t.L F

- 10 X I40 jypo
. . u -u

3100 A 14 M 604.5

O 3
A 90029168

.,,
1,

\

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _



<

ILLuMINAT)cN cAtcutAvrQN SHEET ' "

F t Use riith IES Zonal Cavify Mefhed -

(See individual data sheets on luminalres for coefficients of utilization)

GENERAL INFORMATION - g.

,omp a ny n a me a n d a ddre s s . . . . . . . . . . . . . .'. . . O. ./,. . ,Nb @h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

Ar e a t o b e lig ht ed . . . . . . . . . . . . ; . M.7/fd. . . . . . /. j . 2 . .i. ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .'r

Design ievel of illumination. . . . . . . . . . . . . ,7 F. .?.C . . . . ,(isneio6) (maintained)

Calc ula t e d by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . .k. . . . .\
-

..Date..........

DESCRIPTION OF AREA AND LUMINAIRE I/

_ _ y __s _1 - .
f' -Dimensions

n 14
. . . . . . . / 2. . . . Room Length *

,,,

. . . . . . . . l!. . . . . . Room Width -_-------I-"

me.
. . . . . . . ./.l. . . . . . . Height of room between luminaire & work plane (hre) 4

. . . . . . 48. . . . . . Distance f rom iuminaire plane to ceiling (hec)

. . . . . . 2.'.{. . . . . . Height of work plane above floor (hfc) !
'

Room Surface Reflectance m #/* Luminaire
,

. . . . 7.9. . . . . . . . Ceiling M anuf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t a l og No. . . . . . . . 7 @P. . . . . . . . . . . . . . . . . . . . . -

. 49. . . . . . . . Walls between luminaire & No. & Type lamps . . 7. . . .f.W.C.9Y. . . . . . . . . . . . .
i* ' E' 8 "' Lumens /i-emp . . . . . . . .d 2,00,,,,,,,,,,,,,,,,,,,

. . . . . Walls below work plane -

Light loss Fa ctor .. . . . . :.v.s. . . . . . . . . . . . . . . . . . . .
- <.........

|
. . . . . 2 R . . . . . . . . Floor (LLD x LDD)

. .

SELECTION OF COEFFICIENT OF UTILIZATION -

!

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

Room Cavity Ratio = /o.3 ; Ceiling Cavity Ratio = . 5~ ; Floor Cavity Ratio = 2.3
2. Obtain effective ceiling cavity reflectances (p, ) frnm Table B; p..= 64 -

3. Obtain effective floor cavity reflectance (p,,) from Table B;,,,, = /F

4. Find coeffir'ent of utilization from published data (for pr = 20%) C.U. =' .2 4 *

* .

es ,. , , , , , , _ , , , -
,

MJft * L Lwps/wwrar x u,,,sas(wr, X Co x LLF

70 .x / 3 2. 92 y o
'7. f,||- - 8'- >-

-

4200 X ,~)y ;,zc I2.09

- i

.a |

gL: s@.

'

c)0029l 69
J L'

\
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ILLUMINATICN CALCULATION SHEET |
For Use with IES Zonal. Cavity Mefhost '*

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

O GENERAL INFORMATION '

.
,

Jo mp a ny na me a n d ad d ress . . . . . . . . . . , . . . . . .M / .. . $ 8.k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area t o be lig hted . . . . . . . . . . . . ;0.f8/.6 f. t. . . . . . .T. f. .( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .*

Design !evel of illumination. . . . . . . . . . 7.4. % . . . . . . .(leWof) (maintaine@

Calcula t ed by . . . . . . . . . . . . . . . . . . . . D a te . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE 4

_.1
"f

1._."
Dimensions

. . . . . . . /.4. . . . . . . Room Length * w I4
,,,

. . . . . . . . .T . . . . . . Room Width /-"

w.
. . . . . . .(./. . . . . . . . Height of room between luminaire & work plane (hrc) 4
. . . . . .?s7. . . . . . . Distance f rom luminaire plane to ceiling (hec)

. . . . . S'f. . . . . . . Height of work plane above floor (hfe) '

Room Surface Reflectance er; % Luminalte

. . . . .? .9 . . . . . . . . Ceiling
M a n uf a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

'

. . . . . . . . . . . . . . .Wal s above luminaire plane Catalog No. . . . . . . . 7/.''.T. . . . . . . . . . . . . . . . . . . .

. . . A7. . . . . . . . Walls between luminaire & No. & Type lamps . 8 .8.0 0.d. . . . . . . . . . . . .

O . . . . . . . . . . . . . . . work plane Lu m s % ..... 42o,o,,, _ _ ,,,_ ,,
Walls below work plane

. Ught loss Factor . . . . . .*.yy.
. . . . 1.Q . . . . . . . . Floor (LLD x LDD)

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

'

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 12. ; Ceiling Cavity Ratio = .yS Floor Cavity Ratio = 2.3

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,.= 4V
3. Obtain effective floor cavity reflectance (f.r.) from Table B;,.,, = /p<

| 4. Find coefficient of utilization from publisned data (for,,, = 20%) C.U. =', . 2 C.

| Na o or fco r cwOs.t L / ^ * !^

P W Wtt t L LwP5/rurJRf X LwcHS /wr, A CU A LLF

= _ P830 7:
4200 X .M .75 /209

. .

.

.,

O
5.

ig 90029170
!

.
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ILLUMINATICN CALCULAWC3N SHEET
for Uso with IES 2onal.Caelty Method _

, '_,
.,

(See individual data sheets on luminaires for coefficlordt Of lifffiration)

GENERAL INFORMATION
' g.;, ,

.,ompany name a nd address . . . . . . . . . . . . . .b 44 . 8h R$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted. . . . . . . . . . .@f6/r4 . . . d.T-fs F.N. . . . . .(.fE f. r .......................,...

De sig n level of illumination . . . . . . . . . . . ./.9. f.4. . . . . . . . (inilla!) (maintained)
\

Calculated by . . . . . . . . . . . . ' . . . . . . Date . . . . . . . . . . Checked by. . . . . . . . . . . . . . . . . . . . . .Date . . . . . . . . . ..

DESCRIPTION OF REA AND LUMINAIRE I
- A.-

*f.
" A. - .|Dimersions i

&m

. . . . . f.E . . . . . . Room Length ' wf. w

-------j- I -. . . . . J.1. . . . . . . . Roo m Width

. . . . . ./. l. . . . . . . . Height of room between luminaire & work plane (hre) 4

. .... 48. . . . . Distance from fuminaire plane to ceiling (hec)
'

. . . . . .M. . . . . . Height of work plane above floor (hfe)

Room Surface Reflectance t r? 7e Luminalte
,

. . . . . 7.c). . . . . . Ceiling Ma nuf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . Walls above luminaire plane Ca t alog No. . . . . . . 7. t?.9. . . . . . . . . . . . . . . . . . . . ............
'

. . . . K 9. . Walls between luminaire & No. & Type lamps . 2.-E.4*Q .4.W. . . . . . . . . . . . .. .

work plane
L ns M ..... J M 0... _ _ ... _

. . Watts below work plane - Light loss Fac..or ..r........................
pg.... .. ...

. . . . . . d.9. . . . . . . Floor (LLD x LDD)
. .

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = f,5 ; Ceiling Cavity Ratio = ,2i' ; Floor Cavity Ratio = l . "M
2. Obtain effective ceiling cavity reflectances (g,,) from Table B; p,.= /7 s

3. Obtain effective floor cavity reflectance (,,,.) from Table B;rr, = .20

4. Find coefficient of utilization from published data (for p,, = 20%) C.U. =* . 3 &

fcor c w os t5 X A 2 fAp o, oy
pown e L Lwps/vnerne >( twws ja,.or> A CU A LL F

/0 X 69& c,94,.cs
"

-

= =. Lt
6,2. o o X . 73 A , W /767

'
.

I *!
l

*

|

h.
.; ,.

*
\

9002917.1
;

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _



__

ILLUMIN ATICN C ALCULA710iN SHEET
'

*
For Usc with IES Zonal. Cavity Method

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

O GENERAL INFORM ATION .

,o mp a ny na me a nd a d d re ss . . . . . . . . . . . . Od, .df.M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ar e a to be lig h t ed . . . . . . . . . . . . | . . . C/?NX.S.0 4., , , ,/2;t,8,0,d , , , , , , , , , . . . . . . . . . . . . . . . . . . , , , , , , , , , ,

Desig n ievel of illumination. . . . . . . . . . .?R .f.C . . . . . . . . (Wt,el) (maintained)

C alce!a te d by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . .Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
. 1 _ ?"__ 1...

fDimensions

. . . . . . f.i . . . . . . Room Length #3'

w.p,
. . . . . . (R. . , . . . Room Width ---------I--'

' bis
. . . . . . /.O. . . . . . . Height of room between luminaire & work plano (hrc) 4

*

. . . . . .a. [. . . . . . . Distance from luminaire plane to ceiling (hec).

. . . . . . N. . . . . . . Height of work plane above floor (hfc)
'

Room Surface Reflectance to % Luminaire
,

. . . . . . 2 9. . . . . . . Ceiling M a n uf a ct urer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
'

. . . . . . . . . . . . . . Walls above luminaire plane Ca t a!og No. . . . . . . 7./M 9. . . . . . . . . . . . . . . . . . . . .

. . . ER . . . . . Walls between luminaire & No. & Type lamps . . 2. . .f.Y.9. fr.W. . . . . . . . . . .
work plane

Lumens /.Lemp....... 7./.8.T..................
. . . Walls below work plane

Lig ht loss Fa ctor .. . . . ...M . . . . . . . . . . . . . . . . . . .
..........

. . . . 2. 0. . . . . . . . Floor (LLD x LDD).

. .

SELECTION OF COEFFICIENT OF UTILIZATION -
,

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = S.9 ; Ceiling Cavity Ratio = dr 3 : Floor Cavity Ratio = 1. f
.2. Obtain effective ceiling cavity reflectances (p,,) from Tabte B; p.,= 44 -

3. Obtain effective floor cavity reflectance (p,.) from Table B;p,, = /r
,

4. Find coefficient of utilization from published data (forpr = 20%) C.U. =' ,3 9i
* .

I
\ -

(J
N o, e,

_

nor cwours y A t r^

P * * *TJ rt e s twps/rurne y twm jwr, A CQ $ LLF

3 ? PC -70 x rvo , _

10.

6100 A . ys p ,39 I N 3'S*

,

:

O
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.

.

'd 7
90029172,
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,
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.)ILLUMIN ATICN CALCULATIObJ SHEET i'

for Usc with IES Zonal. Cavity' Method -

(Sec individual data shocis on luminaires for coefficients of utillration)

GENERAL INFORM ATION
' g.

,

.o mp an, n a m e a n e s e e,e ss . . . . . . . . . . . . . . . . . .s. 5. 4.e. e.e. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....

Are a to be light ed . . . . . . . . . . . . f. ?/.'.f.C(N.Q. . . . .(. .@ f, C.9/.%'.f.9. . . .I.D.T.). . . . . . . . . . . . . . . . .-

Design ievel of illumination. . . . . . . . . .S.9. .f.4. . . . . . . . (inillal) (maintained)

C alcula t e d by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

. 1 _ _ _ *f _ _ D LDimensions

&1w 65. . . . 4! .k. . . . . Room Length '

\ , , ,

. . . . 3. h. . . . . . Room Width I-"

w.
. . . . . .O.T. . . . . . Height of room between luminaire & work plane (hrc) 4 ;

. . . . . ..L f . . . . .Dictance from luminaire plane to ceiling (hec) I

. . . . . . (e . . . . . . . . Height of work plane above floor (hfe)
,

Room Surface Reflectance 10 7e Luminalte
,

. . . . . . . ~. . ,<" . . . . C e il i n g Manufacturer . . . . . . . /T9.6 d ft:''.4 M. . . . . . . . . . .
L . Walls above luminaire plane Catalog No. . . . . . . . . . . .D F.V.T . 4.9."'.8!.~.3.7.T -......... .

'

. .-{A . . . . . . Walls between luminaire & N o. & Typ e la mp s . . . . . . M.f. . . . . . . . . . . . . . . . .
work plane

Lu m e ns / Lamp . . . . . . . . f.40 8 8. . . . . . . . . . . . . . . . .
. . . . . . Walls below work plane *

Light loss Factor . . . . . . .t .p y ' 9. . .,. . . t . .jg........

...... ....

. . 2 0. . . . . . . . . . Floor (LLD x LDD)
. .

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = ?. D ; Ceiling Cavity Ratio = . + ; Floor Cavity Ratio = ,9
2. Obtain effective ceiling cavity reflectances (p .) from Table B; p..= t.t G -

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = /9

4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =* O.3p
.

N o. og fcoreswosts y ^ 2 fA

r-tK TJfte s Lwp5/rosrne X umeas jwr, A CJ X LL F

2a X 777( / TI T AD, , /g 4 4|t
SocceX 3 (. x . 91 / 4 S !*

.

,

l e ' W+f
y, n 1 n ' yd~

9
tv5

V 90029173-- -
'

,
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ILLUM!NATICN CALCULATION SHEET : 1
1

for Use with IES Zonal Cavily Mefhod I*

(See individual data sheets on luminaires for coefficients of utilization) ,1
,

O c e" En Al iNe o n m AriO N :|'-

-
.

*

.ompany name and address. . . . . . . . . . . . . . . . . . . .H: ./r.... % % .................................

Area to be lighted. . . . . . . . . . . . /.Y.f.9 /l [.Ehf C. . . . $ 9.Q.T. . . . . . b [.d .'. b.U.%.N. . . . . . , . . .' *

!

Design ievel of illumination . . . . . . . . 2.Q. F. .G . . . . . . . .W) (maintained)

Cal c ul a t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . i

DESCRIPTION OF AREA AND LUMINAIRE I
1 _"" 1. _Dimensions iOV

. . . . . .E h. . . . . . Room Length *
. w,p,

......).f. . Room Width
,

- I--"
.

his I '
. . . . . .T . .( . . . . Height of room between luminaire & work plane (hrc)

4

. . . . . .Id. . . . Distance from iuminaire plane to ceiling (hec)

. . . . . . 9. . . . . . . Height of work plane above floor (hfc)
~

Room Surface Reflectance In 7o Luminaire
,

. . . . . . '. . . . . . . . Ceiling M a n uf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C at alog No. . . . . . . . . . . . /.9.9. . . . . . . . . . . . . . . .
,

. . .E9. . . . . . Walls between tuminaire & No. & Type lamps . . . . . l R R .Y/. . . . . . . . . . . . . . .
wr plane

. . . . . Walls below work plane
- Lumens / Lamp . . . . . . .T F.? R . . . . . . . . . . . . . . . . . .

..........
Light loss Factor ...e ........................ l Q ........ Floor (LLD x LDD) -

'

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 125 ; Ceiling Cavity Ratio = ,6 : Floor Cavity Ratio = #
2. Obtain effective ceiling cavity reflectances (g .) from Table B; p,.= yG !

3. Obtain effective floor cavity reflectance (f.,,) from Table B;pr, = 19
4. Find coc!!icient of utilization f rom published data (for y,, = 20%) C.U. =', ,6 6

'

r
N '

N o, ar frorcwostS ** ^ * !^
,

P t x 'THt tr s Lwps/ruranc X ur nus /wr> X C0,g LLF

to X I S'S $ 3 ~) f 0 0
- .

- - : 7,2
70799Soo A . f, G A 6' ' .

,

O !
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,~
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ILLUMINATICN CALCULATION SHEET'
'

For Use with IES Zonal.Cavily M:thod

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

GENER AL INFORM ATION .

o mp a ny na m e a n d n e e r e ss . . . . . . . . . . . . . .'.E .4, . . # Mf. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Are a to be lighted . . . . . . . . . . 9.4.4.4. . . . f;M.U . . . . . . , ,(-/.4. '. . /8.T .T/ ). . . . . . . . . . . . . . . . . . .

Design ievel ot illumination. . . . . . . . . 29. 6 fr. . . . . . . (Whet)(maintained)

Calculated by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . .Che c ked by . . . . . . \ . . . . . . . . . . . . . . .Date . . . . . . . . . .

I IDESCRIPTION OF AREA AND LUMINAIRE
__.L.__a't._1.25.

I f e.s*
Dimensions

2

. . . . . . .f.k . . . . . . Room Length ,,,,

.' 7. . . . . . Room Width I-"

his.....

. . . . . ./.9.E . . . . . Height of room between luminaire & work planc (hrc) 4

. . . . . . .h 7. . . . . Distance from iuminaire planc to ceiling (hcc)
.

. . . . . . . . /. . . . . . . Height of work plane above floor (hfc)'

Room Surface Renectance m 7e Luminaire
,

M a n u f a ct u r er . . . . . . N.9. . . . . . . . . . . . . . . . . . . .. . . . . 7.0. . . . . . . CeilinD
. . Walls above luminaire plane Cata cy No. . . . ..7.;'.U.R.................

.... ....

. 4 0..t. . . Walls between luminaire & No. & Type lamps .../.:./.99.\/Y...&.4........
/ work ptane L u m e ns / L a mp . . . 9.9 f'. . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .h . . . Walls below work plane Light loss Factor *p......f................ .

..

. . . . . . A O . . . . . Floo r (LLD x LDD)
.

.

SELECTION OF COEFFICIENT OF UTILIZATION
-

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 7 9 ; Ceiling Cavity Ratio = ,9f ; Floor Cavity Ratio = /, J"

2. Obtain effective ceiling cavity reflectances (p, ) Irom Table B; p,,= SP

3. Obtain effective floor cavity reflectance (p,.) from Table B;m = /f
4. Find coefficient of utilization itom publisned data (fo',.,. = 20%) C.U. =' ,u5

fcor ewos t s / A e r^ng o,

r-n n satt e s twpsfrurne g twns 7,r, A C0 x LLF

10 X 9.72 cygg o'

_- -
- ,p-

wo , . a , , . n 2ns
.

stG'

. .
..

9002917-3
. _ - _ - _ - _ - -- ._- - --
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ILLUMINATICN CALCULA~IQbJ SHEET
'

For Use with IES Zonal.Cavify Melhad

(See individual data sheets on luminaires for coefficients of utill2't.lon)o, '

Lj GENER AL INFORMATION -
,

,o mp a ny n a m e a n d ad d r ess . . . . . . . . . . . . . .N ; .k . . h. h. U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . .C.8,S. K, , ,, , /*(9.QM,A,Tf,0, 6,@, , , , g@g, , , , , , , , , , , , , . -

Design ievel of illtrmination. . . . . . . . . . 8. .% . . . . . . . (initist) (rsaintained)

C alcul a t e d by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . . Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
_ _ .1._ _ ?" . _1. .

fDimensions
. %u--

. . . . . .D . . . Room Length , , ,
'

I-"

. . . . /r.E. . . . . Room Width
e e.

. . . .17, f. . . . . Height of room between luminaire & work plane (hrc) 4

.. .. 2 4. .. . Distance from luminaire plane to ceiling (hec)
,

.......'f.. .. . Height of work plane above floor (hfc)

Room Surface Renectance M % Luminalte
,

. . . . 7. 9. . . . . . . Ceiling M a n uf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . Walls above luminaire plane Catalog No. . . . . '. 9.'f 7. A A l .fl!.2 ?.'7. . . . . . . . . -' r
........ ,

. . J' 9. . Walls between luminaire & No. & Type lamps . M4. . f*'oA.?. . F.f.S. . . . . . . .
.n(,) w sk plane Lu m e ns / Lamp . . . . E6 .0.o ?. . . . . . . . . . . . . . . . . . .
. . . Walls below work plane Lig ht loss Factor . . . . . P.l . . . . . . . . . . . . . . . . . . .

-

.... ...

. . . . . M . . . . . . . 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 f ; Floor Cavity Ratio = .4

2. Obtain effective ceiling cavity reflectances (p,) from Table B; p = 44 -

3. Obtain effective floor cavity reflectance (,.,,) from Table B;p,, = 2p
4. Find coef ficient of utilization from published ditta (for p. = 20%) C.U. =' ,Sf

("N

FCO T cw o L.9 L X ^ * ' ^
\ N o. or
1

; com acs t wp:/ru r.sar x ur u a twr, y co y LL F
1

|
.
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/ 1. 3~

<

| *
- .::

50000 A $| A S$ *

2. O O
b&YY# qt &,

V
//'

|S l
,.

1
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.

ILLUMINATICN CALCULA7tCIN SHEET I
.

for Use with IES Zonal Cavity Method [
(See individual data sheets on luminaires for coefficients of utilltation) ;

GENERAL INFORM ATION g-

.;o mp any na m e a n d a d d res s . . . . . . . . . .d; .h.. h.h.Q.h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. . . . ...

Area to be lighted. . . . . . . . . . . . Y.f f/7 &. . . .T'/2.$.M.@.7.@ .k97~. @,. ...................

Design ievel of illumination. . . . . . . . . . 8.0. .f.b . . . . .bni6ie4 (maintained)
.

Calculated by. . . . . . . . . . . . . . . . . . . .Date . . . . . . . Ch e c k e d by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

_ _1_ __."f _ _1. .
"

Dimensions

>= 40 O. . . . . . .N. . . . . . . Room Length * W, , ,

.M. . . . . Room Width - - - - - - - - - I-" '
....

ove
. . . . . 3.M. . . . . . Height of room between luminaire & work plane (hrc)

;

4 I

. . . . . . J. 8. . . . . . Distr.nce from luminaire plano to ceiling (hec)

. . . . . . .N . . . . . . . Height of work plane above floor (hfe)
'

Room Surface Reflectance t r7 7e Luminaire
,

. . . . . . 7 R . . . . . . Ceiling Manuf acturer . . . . . . .T?h9NW.T. . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane Catalog No. . . . . . . . /P. HZ . . 44. .6./ " .F.I .7. .
. . . . JR , . . . . . Walls between luminaire & No. & Type lamps . . . . 9NE. . .T. Mf A .Wt.U. F3 |

w plane
Lumens / Lamp . . . . . . .{4.8 0 0. . . . . . . . . . . . . . . . . .

.......... . . . Walls below work plane
- Lig h t loss Fa ctor . . . . .+. .g f. . . . . . . . . . . . . . . . . . ...

. . . . . ). O. . . . . . . . Floo r (LLD x LDD)
. .

SELECTION OF COEFFICIENT OF UTILIZATION -

|

1. Determine cavity ratios using Table A or by formula

Room Cavily Ratio = 73 ; Ceiling Cavity Ratio = ,5 ; Floor Cavity Ratio = , F
2. Obtain effective ceiling cavity reflectances (r.) from Table B; p..= 44
3. Obtain effective floor cavity reflectance (,.,,) from Table B;p,, = /9

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

N o, or FCor cAnour s X A t TA
_

P t A wt e L LAMPS /vn e rs'< r >( Lwous /wr, y C0 g LL F

/OT400.r0 / 2112 - - .= 5', $. -y G
~ 70 coo p% A . 8'l / 9'& 3 o

,

,

.e

A

!

/8d.
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ILLUM!NATICN CALCULATION SHEET
'*

For Use with IES Zonal Cavity Method -

.

(See individual data shoots on luminaires for coefficients of utillsation)

O ce"ena'inconmario"
- -

-
.

o mp a ny na m e a n d a d d ress . . . . . . . . . . . .U. .l . . .h .h.Q. Q , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

Ar e a t o be lig hted . . . . . . . . .k.5 9.9.M.T . . ;8.0.9/M . . . . . . . , L.D. . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .-

Design levcl of illumination . . . . . . . . . . . . . ./.9.f.h. . . . . . (IMeio6) (mainteined)

Cal cul a t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . Chec k ed by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND 1.UMINAIRE 6
.

. . .L. - ~f
k . .

Dimensions

**
. . . . . ... $.9. . . . . . Room Length I4-

w.p.

I-. . . . . . . U.c . . . . . Room Width "

bis
. . . . . . 7.f. . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . . .h f. . . . . Distance from luminaire plane to ceiling (hec)

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

Room Surface Reflectance 10 % Luminaire
,

*

. . . . . .CeilinD M a n uf a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........

.. . . . . . . . . . . . Watts above luminaire plane Catalog No. . . . . . . . . . . . /.U.Q. . . . . . . . . . . . . . . .

..f.9.. . . . . . Walls between luminaire & No & Type lamps . . . . . . . ( f.4.W . . . . . . . . . . . . . .
*'E'*"' Lume ns / Lamp . . . . . . . . . .?.{#.D. . . . . . . . . . . . . . . .

. . . . . Walls below work plane *

Light loss Factor . . .. 4 8.j........

...................
. . . . .M. . . . . . . . . Floor (LLD x LDD)

. .

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 4. I ; Ceiling Cavity Ratio = /, / ; Floor Cavity Ratio = /, da I

12. Obtain effective ceiling cavity reflectances (y,.) from Table B; p., = y/ -

3. Obtain effective floor cavity reflectance (p,.) from Table B;e,, = 7(/
4. Find coefficient of utilization from published data (for p, = 20%) C.U. =', S' id

'

O m ,, , , , , _ , , , ~.
,

PIA M GL LAMP 3/Festr m! X LwsMS /wn!, A Cd A LL F

' * ' F- = Iif ~ ~

-~ "'##t$co A >T4A.9I .

i

|
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l
1ILLUMINATICN CALCULATION SHEET |

For Use with IES Zonal C:vity Method

(See individuct data sheets on luminaires for coefficients of utill2stion) |

'

gIGENER AL INFORM ATION
'

.
,

.,o mp a n y n a me a nd a d d re ss . . . . . . . . . . . . . . h . .h. . . .[.k.@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . [U'2 M /.f. . . .f.4.O. . . .T4 8 9. . . . . . [.~. .'V.'. 4 C/.C. e . . . . . . . . . . . . . . , . . .

Desig n level of illumination. . . . . . . . . . ./.M C: . . . . . . . . .(InitlaI) (maintained)

Calc ul a te d by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . Chec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I '

. .L- - ~f- L - .Dimensions

D. . . . . . . .O. . . . Room Length '

, , ,

. . . . . . . ./. A . . . . . Room Width - - - - - - -],- A -

. . . . . .~l.71.k. . . . . Height of room between luminaire & work plane (htc) 4

. . . . . . 8.':T. . . . . Distance from iuminaire plane to ceiling (hec) .

~

. . . . . . . H. . . . . . . Height of work plane above floor (hfc) |

|

Room Surface Reflectance tr? % Luminalte 1
,

. . . . . . .~/.O. . . . . . Celling M a nu f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plant C a t alog No. . . . . . . . . . /.U.9. . . . . . . . . . . . . . . . . .

. . 59. . . . . . Walls between luminaire & No. & Typ e lamps . . . . . /*P. W. . . . . . . . . . . . . . . . .
work plane

. . . Walls below work plane
- Lumens / Lamp

9J##

Light loss Factor Ef..........

. . . . . 3 A . . . . . . . Floor (LLD x LDD)
..

SELECTION OF COEFFICIENT OF UTILIZATION -

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

Room Cavity Ratio = (f.8 ; Ceiling Cavity Ratio = /. 2 f ; Floor Cavity Ratio = 2. O

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p.,= ff. .

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = / y.

4. Find coefficient of utilization from published data (for p,< = 20%) C.U. =', ,t+4,

N o, og fee t cwOs.t $ / ^ * Wh
P sx TJrt e s Lwps/norrar x tweas jwr. 7 Co x LL F

|

, _ } &* * - ,1, o 2.10 x &N
~

53 % *9 goo s , st4 A . o't '

..

I

90029179,
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t '

ittunn!NNTICN CALCULSalbN SHEET,

' '
for Use with IES Zonal.Cavify Methott '

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

O * *

GENER AL INFORM ATION .
,

,o mp a ny na m e a nd a d d resa . . . . . . . . . . . . . . . .//. .k . . 8, f.9.h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. . . . .

Area to be ligh ted . . . . . . . . . . . . ;U.7.Q//. /gf.,6, , , , , , , , , , "fl[.', ,h F,Tf,L, . , , , , , , , , , , , , , , , , , , ,-

Design level of illumination. . . . . . . . . . 2-A E.$. . . . . . .(inWet) (maintained)

C alcul a t e d by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
--.L--

~f- L..p Dimensions
m 1.I

. . . . . 7.S. . . . . . Room Length ' wf.

. . . . . 4.f. . . . . . Room Width ------"..-I-

. . . . . /.% T. . . . . Height of room between luminaire & work plane (hrc) 4
-

'
. . . . . . .h 7. . . . . Distance f rom iuminaire plane to ceiling (hec) '

,

. . . . . . .M . . . . . . . Height of work plane above floor (hfe)

Room Surface Reflectance t r7 7e Luminalre
*

. ,

'
. . . . . . . ' . . . . . . . Ceiling M a nuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane C atalog No. . . . . . . . . . . /.72 .9. . . . . . . . . . . . . . . .'

.EQ. . - . . . . . . Watts between luminaire & No. & Type lamps . . . . . /.f *.W. . . . . . . . . . . . . . . .
w r plane Lum ens / Lamp . . . . . . . . .U.8.?. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Watts below work plane Lig ht loss Factor .. . . . . t W. . . . . . . . . . . . . . . . . . . .
-

. . . . A .9 . . . . . . . . Floo r (LLD x LDD)
.

..

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /,VS : Ceiling Cavity Ratio = , 2 5' ; Floor Cavity Ratio = . V
2. Obtain effective ceiling cavity reflectances (p,,) from Table B; p = 4F -

3. Obtain ef fective floor cavity reflectance (,,,,) from Table B;pe, = 29

4. Finti coollicient of utilization from published data (for y, = 20%) C.U. =* .4 9
.

O
m ,, , , , , _ , , , - ,.

,
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ILLUMINATICN CALCULAWC3N SiHEET l
'

I
i

for Use with IES Zonal.Carity Mothed |
(See individual data sheets on luminaires for coefficients of wttfixation) i

'

i ,

GENER AL INFORM ATION ;*
.

i.

i,om p a ny na m e a n d a d d res s . . . . . . . . . . . . . . . . . O; .k . . .Y.l . k k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
!

A r e a t o be lig h t ed . . . . . . . . . . . . . . . . . .h8r @ ( .D .o,f.; , , ,7,/, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , y

Desig n !evel of itlutnin ation . . . . . . . . . . . ).Q. 4 f, . . . . . . .(Initial) (maintained) {

C alc ula t e d by . . . . . . . . . . . . . . . . . . . Dat e . . . . . . . . . .Ch e c ke d by . . . . . . . . . . . . . . . . . . . . . . Dale . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
',

_ _ .L __.*f _ _1. _ _Dimensions

'#
$. . . . .[3. . . . Room Length w.p.

'

. . . . . . 4. . . . . . . . R o o m Wid th - - - - - - -} - I- {

. . . . . 7.'.f. . . . . . . Height of room between luminaire & work plane (hrc) 4

. .. . ArI. . . . . . Distance from luminaire plane to ceiling (hec)
.

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

Room Surface Renectance ler % Luminalte
,

. . . . . 7R. . . . . . . Ceiling M a nuf a ct u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . Walls above luminaire plane Ca t alog N o. . . . . . . . 4./A 9. . . . . . . . . . . . . . . . . . . .
|

....

.. 5 9. . . . . Walls between luminaire & No. & Typ e lamps . . . /. .S.Q .H^(. . . . . . . . . . . . .
work piane Lu m e ns / L a mp . . . . . . 18.9 .9 . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls below work plane Lig ht loss Factor . . . . ; 75. . . . . . . . . . . . . . . . . . . ..

. . . . . 2 Q. . . . . . . . Floo r (LLD x LDD).

.
.

SELECTION OF COEFFICIENT OF UTILIZATION -

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

Room Cavity Ratio = a', t ; Ceiling Cavity Ratio = ,6 ; Floor Cavity Ratio = 0 '

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p = 44 -

3. Obtain effective floor cavity reflectance (p,.) from Table B; pe, = .! O
'

4. Find coefficient of utilization from published data (!sr p,. = 20%) C.U. =', . 3 2.

FCor cw outs X ^ * !^N o, of

r-sasts a s Lwes/rsarsar y two,43 jpre A C0 X LLF ,

.

/o X 3/# '3 / P C -_,

-
:: y,3

-
r-

7NY,

3too x .31 x .7) *

'
I

!

.
.

,
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*
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ILLUMINATICN CALCULA";" ION EMEET
.

1Ifor Use with IES Zonal.Cavify Mefhett - *

(,

(See individual data sheets on luminaires for coefficients et utilitation) .' ;

GENERAL INFORMATION ' '
-. -

,

4

,omp a ny na m e a n d a d d ress . . . . . . . . . . . . . .'. . . . M 4. . . $hD,C , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ., , , , , '

j.

Ar e a t o b e li g h t ed . . . . . . . . . . . . . . . . . M/$ . t Y T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - i
,

Design ievel ot illumination. . . . . . . . 7.Q. .% . . . . . . . '.(Initial) (maintained)
,

C alcula te d by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . . Dele . . . . . . . . . . *

DESCRIPTION OF AREA AND LUMfNAIRE I

O) 1
"f_ _1..
"

(. Dimensions
,

* /o. . . . . . . l.7. . . . . . . Room Length '

,,,

. . . . . . . / .# . . . . . . . Room Width ---------I-"
'

m
. . . . . . . 7. . . . . . . Height of room between luminaire & work plana (hrc) '

4

. . . . . 9/.k. . . . . . Distance from luminaire plane to ceiling (hec)

. . . . . 2.,8. . . . . . Height of work plane above f!oor (hfe)
'

f

Room Surface Reflectance in #As Lumineire
,

. . . . . . 7. 9. . . . . . Celling Manuf a cturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *

*

. . . . . . . . . . . . . . . Walls above luminaire plane Catalog No. . . . . . . . . 7./.O .C. . . . . . . . . . . . . . . . . . .

. . . . K9. . . . . . Walls between luminaire & No. & Type lamps . . . 2. .?.'t 9. 9.T. . . . . . . . . . . .
work plane

Lume s 4emp , , , , , , , , ,4 2 c p, , , , , , , , , , , , , , , , ,
. . . . . . . . . . . . . . . . Watts below work plane .

Light loss Factor .. . . . . . yf. . . . . . . . . . . . . . . . . ,...

. . . . . . 2 t2 . . . . . . Floor (LLD x LDD)
. .

SELECTION OF COEFFICIENT OF UTILIZATION -

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

Room Cavity Ratio = f,2.4 ; Ceiling Cavity Ratio = 0. 4 : Floor Cavity Ratio = /,7
2. Obtain effective ceiling esvity reflectances (p,,) from Table B; p, = 4f
3. Obtain effective floor cavity reflectance (n ) from Table B;p,, = /p
4. Find coefficient of utilization f rom published deta (for p,, = 20%) C.U. =* , +3

,

N o, ey F CO T' o A N O s.e 5 X h *E IA

P t A Tsitt e t LAMPS / Fur.mt X 4,onens /wre X Css 2 LL F

t

f- ~?O x 187 13oso
c.s -7-

= -

c. 2.c o A . a s n.77 f. 9 9 T. 5
'

.

O .

!

1s

#1 90029182 6
~

er r-

\ *
__ - - _ _ _____ - _ _ _ - _



1
. . . . - . - . -

-

*
o

,

ILLLJMINATICN CALCULA~10N SHEET '

for Use with IES Zonal.Cavify Method ' -

(See individual data sheets on luminaires let coefficients of titillsation)

GENER AL INFORM ATION
*

.

1

Jo mp a ny na m e a nd ad d ress . . . . . . . . . . . . . .h. . (y, MM k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A re a t o be lighted . . . . . . . . . . . ke S . . . . M 9. . . b . .f. .$. ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .-

Desig n ievel of illumination. . . . . . . . . . 29. .f[r. . . . . . .(initial) (maintained)

Calc ula t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Checked by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

...L - ~f.- L ..Dimensions
e,. 10

. . . . . . ./. F. . . . . . Room t.noth - w,.

. . . . . . /.E . . . . . . Room Width ---------1"

w.
. . . . . . . 7. . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . .O f. . . . . . Distance frem iuminaire plane to ceiling (hec)r
^

. . . . . 2.i.T. . . . . . Height of work plane above floor (hfe) -

Room Surface Reflectance iri S Luminaire
,

. . . . . .?.9. . . . . . . Celling M a n u f actu re r . . . . . . . . . . . . .' . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane Catalog No. . . . . . . . 7. 4 4 P. . . . . . . . . . . . . . . . . . .
t

. . . E9. . . . Walls between luminaire & No. & Type lamps . . A f.V0. !W/. . . . . . . . . . . . . . gwork plane Lum ens A.anup . . . . . . . f, M?. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . Walls below work plane -

Light loss Factor .g
.... ......................

. . . . 2 9. . . . . . . . Floor (LLD x LDD)
. .

SELECTION OF COEFFICIENT OF UTILIZATION -

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

Room Cavity Ratio = v.3 ; Ceiling Cavity Ratio = , '3 ; Floor Cavity Ratio = /. 5

2. Obtain effective ceiling cavity reflectances (y,) from Table B; p = M -

3. Obtain effective floor cavity reflectance (,,,,) from Table B;pe, = /F
,

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

O
m, , , , , _ , . - ,.

,

P t K %'ft t L LwPS/rsarJnt X Ler=* nod /wte y CQ g LL F

70 X 170 _/ W " _ - gg g. _ _ - - _,

2.234.-

l; %O0 A . 4 t' X . 75 '

.

,

.

O
'fh

'

| .; o .

90029%
~

- - - - _ - - _ - - - -_
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ILLUMINATICN CALCULA710N SHEET
for Use with IES Zonal-Cavity Mefhed *

(See individual data sheets on luminaires for coefficients of utillsation)
'

GENERAL INFORM ATION -
,

.,o mp a ny na m o a n d a d d re ss . . . . . . . . . . . . . . '. . . . . . k,*.h..d N. . . . . . . . . . , *, . . . . , , , , . . . . . . . ', , , , , - $.. .

Ar e a t o be lig h t ed . . . . . . . . . . . . | . .@. M f.S;Y.t.T./.?.U. . . 8.c o,y, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,-

Desig n ievel ot illumination . . . . . . . . . . . . . 7.9. .S. . . . . .(inillat) (maintained)
'

.

Calc ula t e d by . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE 6

Q - k--~f- L.Dimensions
s Io

. . . . . . &.0 . . . . . . Room Length ws.
*

. . . . . . /. 0. . . . . . . R oo m Width - - - - - -

1.. -
l--

. . .. . . . 7. . . . . . Height of room between luminaire & work plane (hre) 4

. . . . . . 98. . . . . . Distance frem luniinaire plane to ceiling (hec)
'

. . . . . . .?.e[. . . . . Height of work plane above floor (hfe)

Room Surface Reflectance 10 % Luminaire i
,

. . . . . . 7 9. . . . . . . Ceiling M a nuf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane Ct.t alog No. . . . . . ?!.##. . . . . . . . . . . . . . . . . . . . . . .

. . . .f.9 . . . Walls between luminaire & No. & Type lamps . . M.f.TP.9.W . . . . . . . . . . . . .
Work plane Lum e ns M emp . . . . . S. ?9.O. . . . . . . . . . . . . . . . . . . .

. . . . Walls below work plane Lig ht los s Fa c tor .. . . . < 7. .f. . . . . . . . . . . . . . . . . . . . .
-

..........

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

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = f"2f ; Ceiling Cavity Ratio = DM ; Floor Cavity Ratio = /. 9

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,.= s.f -

| 3. Obtain etfcctive floor cavity reflectance (p,,) from Table B;pe, = /8
4. Find coefficient of utilization from published date (for,,,,. = 20%) C.U. =' ,u3

O|

Fco r cwos.t 5 y ^ * ' ^ya or
_~

p ox ian e s Lwas/roarJRt X Lwsons /wr* A Cu A LLF

_
7o x 2oo

;
~

_ -m ,,, =7 |
~

' '

| 4200 X,C 4,py / ? ? ?,5-.

,

.

n'

%J1

90029184
' '

g.

he % .c
\
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ILLUMINATICN CALCULATION SHEET Ay
for Use with IES Zonal. Cavity Method V

(See individual data sheets on luminaires for coefficients of utliltauen)
,[

'

eGENER AL INFORM ATION .

o

,o mp any n a m e a n d address . . . . . . . . . . . . . .h. .h.l. .O.f.9.k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . - .g

Area to be lighteql . . . . . . . . . . . . .' . fr?.M/.9? h. . . .
'

....................................,... j

Desig n level of illumination . . . . . . . . . . . . /4 .f.C.. . . . . .M) (maintained)
*

*

Cal c ul a t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Chec ked try . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . ,

'

DESCRIPTION OF AREA AND LUMINAIRE 6

...L.-
~f.

L... h.Dimensions
* / sf ,

. . . . . . .@. . . . . . Room Length *
w.e.

. . . . . . E . . . . . . . Room Width - - - - - - - - - I-"

hfe

.... ./3. E... . . Height of room between luminaire & work plane (hrc) 4
'

. . . . . 9tE. . . . . . Distance from luminaire plane to ceiling (hec)

. . . . . 9. . . . . . . . . Height of work plane above floor (hfe) ,

'

Room Surface Reflectance art S Luminalte
.

. . . . . . ."70. . . . . . . Ceiling M a n u f a c t u ref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t alog No. . . . . . . . #: (9,9 . . . . . . . . . . . . . . . . . . . . .

. . 59. . . . . Walls between luminaire & No. & Type lamps . . . /.T.Y9. 9.W. . . . . . . . . . . .
work plane Lum e ns/ Lamp . . . . . . . . ") .l .8.9. . . . . . . . . . . . . . . . . . ;

. . . . . . . . . . . . . . . Watts below work plane - Light loss Factor .. .. r.jg-
-

)......................

. . . . 2.Q. . . . . . . . Floor (LLD x LDD)
.

.
.

SELECTION OF COEFFICIENT OF UTILIZATION ;-

;

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

Room Cavity Ratio = / 7, D ; Ceiling Cavity Ratio = . 4 ; Floor Cavity Ratio = o |
|2. Obtain effective ceiling cavity reflectances (y,,) from Table B; p = 63 -

f3. Obtain effective floor cavity reflectance (m,) from Table B;n, = to,

4. Find coc!ficient of utilization from published data (for , = 20%) C.U. =' , 2. 7n
<

.
. I,

N g, og
_

/t'A F" C AN O L. r 5 A MM

P tK Ntt e s L A M PS/ F s ar ran t X LwenS|pr. A CU y LLF ,.

8^ #- /. (, ,2.
'

-
:- ._

'

'3 Ico A ,75 x ,15 TWl j,
,

, _.c )c

. , ,
.. ,

9:.
, , .

ild e /46'' -

90029185 ?
s _

|
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ILLUMINATICN CALCULA71QiN SHEET :

for Use with IES Zonal. Cavity Methoef *
.

"

(See individual data sheets on luminaires for coefficients et utlHastion)
-

'

GENERAL INFORMATION .

.;o mp any na me a nd ad d ress . . . . . . . . . . . . . .'. N, M . . b. R f; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . .

Area t o be lig ht ed . . . . . . . . . . . . : . . .Q.q R (4 f g e,@, , , h , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,.

Desig n level of illumination . . . . . . . . . . . . / 9. f.4 . . . . . . .'(initial) (maintained)

Calcula t e d by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . Checked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
'

' --

~~ f- -
- -

.

D.imensions

w /4
. . . . . /.f. . . . . . . . Room Length * w.p.

I-. . . . . .f. . . . . . . . R o o m Width "
his

.. .. ./.34. . . . . . Height of room between luminaire & work plane (hre) 4 :

. . . . 9.E. . . . . . Distance from iuminaire plane to ceiling (hec)
'

.... 2:T. . . . . . Height of work plane above floor (hfc)

Room Surface Reflectance 80 % Lumte-ite
,

. . . . . . 7 R . . . . . . Ceiling Ma n uf a ct u rer . . . . . . . . . . . . .' . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . ( . . Walls above luminaire plane C atalog No. . . . . . . . . /./?.O. . . . . . . . . . . . . . . . . . . .

. . . 50. 4 . . . . Walls between luminaire & No. & Type lamps . . . /. .f/"W.W. . . . . . . . . . . . .
* * E ' * "'

. . . Walls below work plane
- Lumens / Lamp . . . . . . . A /.i " . . . . . . . . . . . . . . . . . . T-

Lig ht loss Factor .. . . . . r ./. f. . . . . . . . . . . . . . . . . . .
--...........

. . . . . . 2.Q . . . . ... . Floor (LLD x LDD)
,

. .

SELECTION OF COEFFICIENT OF UTILIZATION -

,

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /I,7 : Ceiling Cavity Ratio = ,4 : Floor Cavity Ratio = o
2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p = c.3 -

3. Obtain effective floor cavily reflectance (p,,) from Table B;p,, = ,2 o
,

4. Find coefficient of utilization from published data (for pr = 20%) C.U. =' . 2.f

ya oy fco r CANOs.t $ X h *E IA

P t A N ft t L LMP3/FIs r. int X LVM0res /s. pnp X CQ $ L.L F
:,

_- _/d X 90 1spo .

'2./ .5 i-

'5p co x .2 TA .75" S,0 /
~

'

'
..

'

O 'u.-

.

| g 90029186 et j'

,

\
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ILLUMINATICN CALCULA710N SHEET d
*for Use with IES Zonal-Cavity Method

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

GENERAL INFORMATION ' |-
. 1

.;omp any name and address . . . . . . . . . . . . /k . fn. '. N@. . . . . . . . . . . . . . . . . . . . . . . . ... .. ...

Ar e a to be lig h t ed . . . . . . . . . . . . .' . . $0.S M. P.O .$ . . . .$.i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . .' |
*

Desig n ievel of illumination . . . . . . . . . . . . l9. /T . . . . . . . . (lai46el) (maintained)

Calcul a t ed by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . Checked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .
,

DESCRIPTION OF AREA AND LUMINAIRE I 5

. _1_ _ "f _ _1. . h ~f
"

'

Dimensions

*
. . . . . /.9. 2. . . . . . . Room Length * )w,.

. . . . . . . E. . . . . . . Room Width - - - - - - - - - I- |
'

n
. . .. . . /3.4. . . . Height of room between luminaire & work plane (hrc) 4

......A'.f.. . Distance from iuminaire plane to ceiling (hec)
~

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

Room Surface Reflectance to % Luminalte
,

. . . . . . .l ?. . . . . . . Celling M anuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,

. . . . . . . . . . .C. . . Walls above luminaire plane C a t al og N o. . . . . . . . . . M t '. . . . . . . . . . . . . . . . . . .

. . . . .f O. .i . . . . Walls between luminaire & No. & Type lamps . . . . / . .4.49. f.W. . . . . . . . . . . . -

,'work plane Lu me ns / Lamp . . . . . . . . .l f. e. .o. . . . . . . . . . . . . . . . . . |

I. . . . Walls below work plane Light loss Factor .. . .. .t .jy |
-

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

. . . . . 2. 0. . . . . . . Floor (LLD x LOD) |
..

|

|SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /4 ; Ceiling Cavity Ratio = .f ; Floor Cavity Ratio = 0
2. Obtain effective ceiling cavity reflectances (r.,) from Table B; p = 4V -

3. Obtain effective floor cavity reflectance (,,,.) from Table B;,,,, = Jo
4. Find coefficient of utilization from pubpshed data (for y, = 20%) C.U. =* .2/

.
.

O
~ , . , , ,,, , _ e s -

,

Punisset e s Lamps /vn arrane >( Lewens ja,ep X C0 X LL F
-

10 x ~r ri sw , e.s -n-
,

3,, x . m .n m .r ,. ..

- b
, . ,

; 90029187 4 x
.

* '
4

. ,,

,
. v.

..

? \ d
1 a
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ILLUMINATICN CALCULATION SHEET l

for Use with IES Zonal-Cavity Mefhad

(See individual data shects on luminaires for coc!ficients of utilization)

GENER AL INFORM ATION .

-o mp a ny n a me a nd a d d re ss . . . . . . . . . . . . . .'.M . 4. . 4 f .?h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be ||ghte<< . . . . . . . . . f. .g.O. n. .P... . . . R. 4. . .P. A. .n.r.L. . . .le. c o. m. . . . . . . . ( .H. o. .n .s. T. . . . . M. . . A. . s. H. .T. ). . . . .....

Design level of i!sumination . . . . . . . . . . . . A@. .$ . . . . . pnfttst) (maintained)

C al c ula t e d by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

fDESCRIPTION OF AREA AND LUMINAIRE

C - - .L- -
~{"-

L2L
.

D.imensions l / c,.1
M |2. 2.

. . . . . . .T.4. . . . . Room Length ' ,,,

. . . . . . ./. .% . . . . . . Room Width - - . . - _ . /._'

mfs 3

. . . . . . .@. 8. . . . Height of room between luminaire & work plane (hrc) 4<

. . . . . 5 . f. , .Dictance from fuminaire plano to ceiling (hec)
'

. . . . . . . 5. . . . . . Height of work plane above floor (hic)

Room Surface Reflectance 10 7e Luminalte
,

. . . . . 78. . . . . . . Ceiling M anuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
r

. . . . . . . Walls above luminaire plane Ca t alog No. . . . . . /.7 7.Q . . . . . . . . . . . . . . . . . . . . . .(, .......

. . . .O. . . . . . Walls between luminaire & No. & Type lamps . . ./. . . (99. .Y. . . 6. . . . . . . . .
work plane Lumens / La mp . . . . . P.E9 9. . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls below work plane Light loss Factor ... f/....................-

.

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

o

SELECTION OF COEFFIC!ENT OF UTILIZATION
-

1. Determine cevity ratios usn g Table A or by formula

Room Cavity Ratio = P.'i ; Ceiling Cavity Ratio = / 3 : Floor Cavity Ratio = / g.

2. Obtain effective ceiling cavity reficctances (p,.) from Table B; p,, = TG s

3. Obtain effective floor cavity reflect ance (p,,) from Table B;p,, = /8

4 Find coeffacient of utilization from published data (for y,. = 20%) C.U. =' ,3

FCor okwOut$ X h e fhN o, og

F 0 K Nfl G L L AMPS /vs st raf X LwpHS /u st, X C0 $ LL F

/*w x s2P -3-

4 3 x .?! | 3 3 * Y' Yqqn x

n\fw/

.90029188 4
i@

-

-
.
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ILLUMIN ATICN CALCLILATIObd SHEET ,

for Usc with IES Zonal. Cavity Mefhad

(See individual data shocts on fuminaires for coefficients of utilization)

CENER AL INFORM ATION

o mp a n y n a m e a n d a d d r ess . . . . . . . . . . . . . . .d l: . . . .Y.h,h.h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.

Area to be lighted. ....... M .$.... 9.(.9 d . 9 .$.!.^ %.T.80.V...........................
Desig n level of i!!vmination. . . . . . . . . . . .f.Q .% . . . . .(ic%rt) (maintained)

Calc ulated by . . . . $ . . . . . . . . . . . . . 08te . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . .Date . . . . . . . . . .

DESCRIPTION OF, AREA AND LUMINAIRE I

Dimensions !
'

_ 1 _.?"_ 12 g\ /

,f
,

,

, o
. . . . 7.,. . . . . . R oo m L e n g th *

wf,

. . . . . 4.? . . . Room Width -__------/--"

Ms 4.....i.'/.',,.. . Height of room between luminaire & work plane (hrc) 4

.,

'

. . . . . . . E. k . . . Distance from luminaire plano to ceiling (hec)
'

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

Room Surface Reflectance m 7o Luminalte
,

.7R . . . . . . . Ceiling Manuf acturer . . . .% f.o. /NM.4. . . . . . . . . . . . . .. ..

. . . . . Walls above luminaire plane Catalog No. . . ( 9.'t."? . J.4. .$ . .$ .'.? . . . . . . ... ....

. . .EO. .$ . . . Walls between luminaire & No. & Type lamps . . . .?ff/-7. .W.Y. . !! G. . . . .
/ work plane

Lumens / Lamp . 6~0 N o ..

. . . . . . . . . . . . . Walls below work plane Light loss Factor .. . . .. .p f
-

x
...... 3......... Floor (LLD x LDD) )

,,

.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 43 ; Ceiling Cavity Ratio = , 2. 5 : Floor Cavity Ratio = .y

2. Obtain effective ce; ling cavity reflectances (p..) from Table B; p,, = 4.

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

4. Find coefficient of utilization from published data (for ,. =.: 20% ) C.U. =' .5f |e

O|
|

fce r ewos.t L F A C TA |N o, er
_**

1

F t * *rJ ft 'i L Lwps/roarne X twnas(wa X Co x LLF |

3o y 553'O L 9 92 0 O
:

_

I ., 5~. - ~.-

ar
.Wl X *?Y ' ~~

3 0 cc)0 A
.

i< m 9' 4 ,o .& |.
-S

90029189'



-oa .+-,-.M-4*4.ag 4 _.a , i a,JL .s.m--4 __.-s2- a A .2 r,,am__ m ., a e.m -. a.-- *+--.-+--e -- .m_ .---- .~ .*

'

!

i
1

'O
,

1

TRU WASTE FACILITY

,

?

!

| O
.

!
<

f

i

: O

|O
.

}
:

!

O 90029190
kgri

. ..



.
_ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ ____ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

.

'

ILLUMINATION CALCULATIQN SHEET
for Usc with IES Zonal Cavity Method,e

( (Sco individual data shects on luminaires for coefficients of utilization)
|

'LENER AL INFORM ATION -

C o mp a ny na m e a n d a d d ress . . . . . . . . . . . . . . . . . . . . . ,h .h. ,h.I.f.k. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A r e a t o b e l i g h t ed . . . . . . . . . . . . . . . . . . /, td.4. / . , , , , , , . . . , , , , , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel ot illumination . . . . . . . . . . . . . . .I. 0. . l.*.9. . . . (khay (maintained)

C alc ulated by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .

IDESCRIPTION OF AREA AND LUMINAIRE
_ 1- __a"_ _1.:!..

fDimensions
7h,e m

. '.i 'd . . . . Room Length ,,,
.

--------I-"

. . . . . . ( . i. . . . . Room Width h#c 2, f

. . . . . .$. . . . . . Height of room between luminaire & work plane (hrc) 4.

......M.. . Distance f rom luminaire plane to ceiling (hec)

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

Room Surface Reflectance 10 7e Luminalre
,

....Id . . . . Ceiling M anu f act u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . w
..

.Wal!s above luminaire plane C a t al o g N o. . . . . . . . . 7. /. F. ?. . . . . . . . . . . . . . . . .
.............

. . . .i .C . . . . . . . Walls between luminaire & No. & Type lamps . . . 7. .~. 7.7.%.Y. '. . . . . . . . . .'
'

work plane Lumens / Lamp . . . . . . . 7. ( 9.?. . . . . . . . . . . . . . . . .
. Walls below work plane Lig ht loss Factor . . . . . . . . . . .<. 7. 5. '. . . . . . . . . . . . .........m....

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

SELECTION OF COEFFICIENT OF UTILIZATION
-

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

: Floor Cavity Ratio =Room Cavity Ratio = /.2 : Ceiling Cavity Ratio = . / 0 ,

2 Obtain effectwe ceiling cavity reflectances (p.,) from Table B; p,,= 09
3. Obtain effective floor cavity reflectance (p,,) from Table B; p,, = 1 eg

4. Find coef ficient of utihzation from published data (for ,. = 20%) C.U. = ,G le

I -

I
%

'fro r cwos. r L / hefhgo e,

r-sx 7J a r s w ps/ vs ara r g w g n ju,w y C O y L.L. F , \
t

/O X IJ'J X 1 7 '#' U# 3y..,,, -

0II*

,4f s s *?S ~-, . _ > , n

90029191

i
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lILLUMIN ATION C ALCULATION SHEET
For Use with IES Zonal. Cavity Method |

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

GENERAL INFORMATION

Jo mp a ny na m e a n d a d d ress . . . . . . . . . . . . . . . . . h. ; .l. . .f.h.9,k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A rea t o be lig hted . . . . . . . . . . . . . . . . . 9.? W.*.7f? fN f.f. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination. . . . , . . . . . . . .EQ. M f, . . .(M44el) (maintained) |

Calculated by. . . . . . . . . . . . . . . . . D a t e . . . . . . . . . . C h e c k e d by . . . . . . . . . . . . . . . . . . . D 410 . . . . . . . . . .
|

DESCRIPTION OF AREA AND LUMINAIRE 6

- _1_ __"f _ _1 d
"

Dimensions
.,., ,o....../..... . . Room Length iw.,,

. /.4. . . . . Room Width I_~"
.. .

hft E. [ l

. . . Height of room between luminaire & work plane (hrc) 4 1...........

. . . 9, f. . . . Distance from luminaire plane to ceiling (hec)
'J

. . . . . ' . ~ ~ . . . . . Height of work plane above fioor (hfc).

Room Surface Reflectance in 7e Luminaire 1
,

.' . 7 . . . . . Celling M a nu f a ct u r er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .<
.

. Walls above luminaire plane C a t a l o g N o . . . . . . . . . '. ?. .'. . . . . . . . . . . . . . . . . . .... ..

. .f.9 . Walls between luminaire & No. & Type lamps . . D f.7.#.9.7. . . . . . . . . . . . .
work plane

L .s m e ns / La mp . . . . . 1/.9.9. . . . . . . . . . . . . . . . . .
. .Wa!!s below work plane

Light loss Factor . . . . . . . jg. . .s..
..................

''

. . . . . . . . . . . . . . . . Fl oor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = I., ; Ceiling Cavity R1tio = ,2 ' ; Floor Cavity Ratio = 1. 2 C

2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p , __ , (,,
3. Obtain effective floor cavity reflectance (cr) from Table B; p,, = 73
4. Find coefficient of utilization from published data (for ,. = 20%) C.U. =~ ,w re

O
,, ,, ,- _ , , - ,-

,

= a 'rJ ft c L :. s e c: : r , a ort e y u ro g as ja,e 1. C 0 $ L L F

e3 A C. ' x t (
-

10 cr o
.- _

- I.e

h it) ) % .4i A,77

- .y

, .

9
$.

90029192
-- - - - - -- - ---
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1ILLUMIN ATION CALCULATICIN SHEET '

1
. For Usc with IES Zonal Cavily Method

(See individual data shocts on luminaires for coefficients of utillration)
I

GENERAL llJFORMATION -

Comp a ny na m e a nd ad d ress . . . . . . . . . . . . . . . . .hc.h; , f.f,9.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . . . . ; .8.Y. . . . ;.4 .Cf.4.6 @ , .7.@. .@, . .d.@.Ed. . . . . . . . . . . . . . . . . . . . . . . .

l Design level of illumination . . . . . . . . . . . . /.9. E.C . . . . .(W(maintained)

Calc ula ted by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

I

()
DESCRIPTION OF AREA AND LUMINAIRE

- _ .L. __a"_ _ L E
f

s
b Dimensions

hm 7. J' f e,
. . . . . . 6?. . . . . . Room Length w.p.

. . . . . . ."/ [. . . . Room Width --------I-~"

>#s o
. . . . . . /.J. . . . . Height of room between luminaire & work plane (hrc) 4

. . . . .h A . . . . . . Distance from iuminaire plane to ceiling (hec)

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

Roem Surface Reflectance to7e Luminalre
,

. . . . 7. 9 . . . . . . . Celling M a nuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t alog No. . . . . . . . . 7/.?.9. . . . . . . . . . . . . . . . . .

( . . . . . ;. A . . . . . Walls between luminaire & No. & Type lamps . . . . .t .~ .r: a ac w |f,
.

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

work plane L u m e n s / L a m p . . . . . . . . .j , o. .o. . . . . . . . . . . . . . . . . .
-

..

. . . . . . . . . . . . . . Walls below work plane
Lig ht loss Factor .. . . . . . . . . . . 7 5. . . . . . . . . . , . . . .

. . . . 19. . . . . . . . Floor (LLD x LOD)

l
-

SELECTION OF COEFFICIENT OF UTILIZATION -

6

!

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 12 ; Ceiling Cavity Ratio = , M ; Floor Cavity Ratio = . (,.

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,, = 4g

3. Obtain effective floor cavity reflectance (pr.) from Table B;y,, = t9
4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =' C0

FCo r cwoL.t L y AerANo or

g.w ws jw r> > C U A LL F~ u TJ ft e s L AMPS /vu u ran t -

'70 dH # 't n $ o ) _

''/ >- - - - - -/Q A ._ ,, E '' "' O
/,200 A . 77X ,&O

f

|O
3Wi . t 90029193<. :.,

-
"



ILLUIVilNATION CALCULATION SHEET
for Usc with IES Zonal Cavity Mefhod

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

GENERAL INFORMATION -

Comp any na m e a nd ad d ress . . . . . . . . . . . . . . . . . . . ,h. '. ./; . . .k.k .9.k. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Arc a to be light ed . . . . . . . . . . . . . . . .h.f.9 9.f.@.T.D.$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination . . . . . . . . . . . . . . . .W. 59. . . . (ia44(maintained)

Calc ulated by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Ch ec ke d by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
s<< ..l.5L

Dimensions
n,. 7 /o

. . . . . . f. 7. . . . . . Room Length w.p.

....5A... . . Room Width ---------I-"

vs 1. .r
. . . . . 7. . . . . . . . Height of room between luminaire & work plane (hre) 4

. . . . .# f; . . . Distance from iuminaire p!ane to ceiling (hec)t

. . . 2.f. . . . . . . . Height of work plane above floor (hfe)

Room Surface Reflectance m 7o Luminaire

. . . . .k,'?. . . . . . . . . Celling M an u f a ct u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . Walls above luminaire plane Cat alog No. . . . . . . . . 7. / R .9. . . . . . . . . . . . . . . . .........

. J.9 . . . . . . Walls between luminaire & No. & Type lamps . . . . . 2.~ .{.V.9 C-M. . . . . . . . .
work plano L u m e ns/ La mp . . . . . . . .l ! ?. f. . . . . . . . . . . . . . . . . .

. . Watts below work plane Lig ht loss Factor .. . . . . . . . . . .j $. ~. . . . . . . . . . . . . ........v.
..

...AP.......... 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 = . /5' ; Floor Cavity Ratio = . 75'
2. Obtain effective ceiling cavity reflectances (p..) from Table B; p,,= (,. P

3. Obtain effective floor cavity reflectance (,,.) from Table B; p,, = /7
4. Find coefficient of utihzation from published data (for pr. = 20%) C.U. =' 4D

O
fror owours / A C T^*,,s ,,

P- t * *Ts* R f s :. 4 *.w$ / r r u rJtt f )( LV"E MS /wont, y. C0 x LL F

92 # -jo x Gox LL , 33
. .--- - . . ,o,, an . w .n -~

O
*

nd-

y
.

i Ut 90029194
1
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ILLUMINATION CALCULATIOlb SHEET
For Use with IES Zonal Cavity Method

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

GENERAL INFORMATION .

;ompa ny na me a nd a dd ress . . . . . . . . . . . . . .'. . 4; . b.9.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A r e a t o be li g h t e d . . . . . . . . . . . . . . . . . . d 8 . f. . .$. 6 ,(A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination. . . . . . . . . . . 3 A .f.G. . . . . . .Ma.e4 (maintained)

Calc ulated by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Ch e c ked by . . . . . . . . . . . . . . . . . . . . . Da1e . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
- A-

''f- A 21.
D "

DJ D.imensirins

" ' , , ,:. 3, , ,

. . . . . .W? . . Room Length
-. I .."

. Room Width"
.... .. ....

eie. -

. . . . . J./, .C . . . Height of room between fuminaire & work plane (hrc) 4

. . . . 2. 5. . . . . Distance from iuminaire plane to ceiling (hec)

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

Room Surface Reflectance to 7o Luminaire
,

.. . 79.... . Ceiling Manuf acturer . . . . . . .Y.0. f.9. f. I'.i $. . . . . . . . . .

. . Walls abovo luminaire plane C at al o g No. . . . . . . . U 3. ?. . . . . . . . . . . . . . . . . . . .
..........

.....(.'' '... . Walls between luminaire & No. & Type lamps . . ./. .-/RP. W. . .F.?k . . . . . . . .
work plane Lumens / Lamp . . . . . . .'I. (f 8. . . . . . . . . . . . .......

. .. . . Walls below work plane Light loss Factor . . . . s .T/. . . . . . . . . . . . . . . . . . ....

. . . . . . . . . . . . . . . Fl oo r (LLD x LDD)'

SELECTION OF COEFFICIENT OF UTILIZATION
-

1. Determine cavity ratios using Table A or by forntula

Room Cavity Ratio = 0.9 ; Ceiling Cavity Ratio = , '4 ; Floor Cavity Ratio = ,4?

2. Obtain effective ceiling cavity reflectances (,,, ) from Table B; p,, = 4. 7

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = /9
4. find coefficient of utilization from published data (for , = 20%) C.U. =' ,74e

I
M T ok"Cd ' L F ^#'#No or _

P M TJ fr C L . wM|rs e rsar / Laws,os ju,ar, y CU y LL F'

t

f 30 4 7N^ IO - p&
_ , _ _

r. S'l .?4990;) ,

bo
6

til 90029195
.

.
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ILLUMINATICN CALCULATION SHEET '

For Usc with IES Zonal.Cavily Method

(Sco individual data shocts an luminaires for coefficients of utilization)

GENERAL INFORM ATION

J o mp a ny n a m e a nd ad d res s . . . . . . . . . . .h. d. . . .h/; . @ h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A r e a t o b e lighted . . . . . . . . . . . . .d t g. . 40.f.G . , ,Y.[. , f,1, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ].

Design level of illuminatien . , . . . . . . . . . . . /9. (C . gu,e4)(maintained)r

Calculated by. . . . . . . . . . . . . . . . . . D a t e . . . . . . . . . . C h e c k o d by . . . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

__.1.__._"f_
1 M"

Dimensions
" ' ' ~e,,, to

. . . . /.2 9. . . Room Length. w.p.

-----,.-I--.1R . . Room Width
"

.. .

m c.
. . . ././. J. . Height of room between luminaire & work plane (hrc) 4

. . . J/,.'I . . Distance from luminaire plane to ceiling (hec)..

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

Room Surface Reflectance to 7o Luminaire

. . . . . . . . . . . . Ceiling M a nu f act u re r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.!. . Walls above luminaire plane Catalog No. . ........./?.7.4................. ..

.5.Q...I. .'.. alls between luminaire & N o . & Typ e l a m p s . . . . . . . /.0. '? W. . . . . . . . . . . . . . .''

/ work plane Lumens / Lamp . ...... 7 M9................
. 4. . Walls below work plane Light loss Factor . . . . . . . . /.pf. . . . . . . . . . . . . . ..

..

. . .I R. . . . . . Floor (LLD x LOD)
.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = IS : Ceiling Cavity Ratio = . 75 : Floor Cavity Ratio = /. 8

2. Obtain effective ceiling cavity reflectances (p..) from Table B; p,, = uy

3. Obtain effective floor cavity relicctance (,,,,) from Table 0;p,, = /p

4. Find coefficient of utilization from published data (for p,. = 20%) C.U. =' ,f 3

O
,. ,, , ~ - , , , -

,
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" *D
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g roa y .s 3 x PI "*' n I6L
.7 11
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,
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ILLUMINATION CALCULATION SHIEET
for Use with IES Zonal Cavity Method |

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

GENERAL INFORMATION -

Company name and addresa. . . . . . . . . . . . . .'.b. h. . . d(:RG......................................
Are a t o be lightad . . . . . . . . . . . . ; . . . . . . . . . dl.$. . h.9.C.% . . .$ ). .$ . '/. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel oilliumination . . . . . . . /4. f.C . . . . . . . . . . finttist) (maintained)r

C alc ulat ed by. . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . |

|

DESCRIPTION OF AREA AND LUMINAIRE . I l(' .

- A - *f- A26.
;"

Dimensions I

l '' T
, un 10

. . . . .'r.?. . . . . . . Room Length |wf,

. . . . 2.Q. . . . . . . . Room Width - - - - - - -], - - -f--

. . . . . . /.6 f. . . . . Height of room between luminaire & work plane (hrc) 4
'

. . . . . E el. . . . . Distance f tom luminaire plane to ceiling (hec)

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

Room Surface Reflectarece to 7e Luminaire
,

....... 7c.... . Celling M an uf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . Walls above luminaire plane C a t alog No. . . . . . . . . . . /.7.3. 9. . . . . . . . . . . . . . . . . .....

. . f.Q . n . . . . . Walls between luminaire a No. & Type lampe . . . . . /.# #.W. . . . . . . . . . . . . . . .
work plane

Lumens / Lamp . . . ....W.'.#...... ..........

. Walls below work plane Lig ht loss Factor . . . . . . . . ... f/. . . . . . . . . . . . . . . ..... ........

. . . . E.9. . . . . . . . Floor (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 = ,8 ; Floor Cavity Ratio = /.9 8
2. Obtain effective ceiling cavity reflectances (p..) from Table B; p,,= t/3
3. Obtain etfcctive floor cavity reflectance (gr.) from Table B;e,, = /6
4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =' .f7

~ , , , ,,, , _ , s , -
,

"l AM G L L A * * Pb/Fl e r.in t )( L&i o.0 |w r, y C 0 s L L F

lo X &n A 20 IL oo o
:. * 7 -> 3
e

$= -

4 ,: c' (e,

p. F '? X , w I g,,z9 Soo A
: 4/L.s

' "3-O '

.
.

- < - 4i

. 90029197
'
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ILLUMINATICP.? CALCULATION SHEET
For Usc with IES Zonal-Cavity Method

(See individual data sheets on luminaires for cdefficients of utillzation)

GENERAL INFORM ATION

J omp a ny na m e a nd ad d r ess . . . . . . . . . . . . . . . . . . .h, h. . .k.I,k.k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . . . . ; .f.l.@ . .I 0.C K . . . ..........................................

Design ievel of illumination. . . . . . . . . . . /.4. .E.C. , . . .(lnEal)(maintained)

Calculated by. . . . . . . . . . . . . . . . D at e . . . . . . . . . C h e c k e d by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . ..

DESCRIPTION OF AREA AND LUMINAIRE I

- _ .1_ _"f _ _1.25
"

Dimensions
has 10

. . $.4 . . . Room Length w,p..

------,".-I-. . /. E . . . . . Room Width
ee c

. . . . ././. 2. . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . kl . . . . . Distance f rom iuminaire plane to ceiling (hec).

. . . . . . Irt . . . . . Height of work plane above floor (hfe).

Room Surface Reflectance M 7o Luminaire

....../.. . Ceiling M a nuf act urer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

. Walls above luminaire plane Ca t e f o g No. . . . . . ./. f .3.9. . . . . . . . . . . . . . . . . . . . .
'

.. U .. .. . Walls between luminaire & No. & Type lamps . . M9.t.df. . . . . . . . . . . . . . . . . . .
! work plane Lu m ens / La mp . . . . . . 9.f. o o. . . . . . . . . . . . . . . . . . ./ ..

. . . .( . . Walls below work plane Light loss Factor .......R/....................

. . . .% P. . . . . . . . . Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = y. 2 ; Ceiling Cavity Ratio = . 7 ; Floor Cavity Ratio = 2. . /
2. Obtain effective ceiling cavity reflectances (,..) from Table B; p,,= W3
3. Obtain effective floor cavity reflectance (,.,.) from Table B;p,, = /F
4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =', . 9/r-

O
n ,_ , , reo r emo s.t t. / ACTA

Pt**rJft f L L w r$/F u n TJrt e )( Lvag4 |w,, y Cu x LL F

to A 5 (* X2' 1.1#3- = /. g . 2. Adp |
._; .n , .n *-

, , , , ,
:
1

1

|
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.

ILLUMINATICN CALCULATIObJ SHEEET
.

For Use with IES Zonal-Cavity Method

Os (See individual data sheets on luminai'es for coefficients of utilization)

GENERAL INFORMATION -

C o mp a ny nam e a nd add ress . . . . . . . . . . . . . . . . . . . '.b k ; , b.% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A re a t o be lighted . . . . . . . . . . . . . . . .d ( Fr . . /.4 9.9 M . . . .$ .k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel of illumination. . . . . . . . . . . . . . !?. . . . . . . . . (4asel) (maintained)

C alculated by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

O - K - ~- k r.
D.amensions ) /, r

k .20y. . . . . . . . a. . . . . . . Room Length
.

w,,,

. . . . . I. 7. . . . . . . . R oo m Width - - - - - - - - - I-"

eies G
. . . . ./.l . 7. . . . . . . Height of room between luminaire & work plane (hrc) 6

...../...''.. . . Distance from luminaire plane to ceiling (hec)

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

Room Surface Reflectance to 7e Luminalte
,

. . . . . . '.r. . . . . . Celling Manu f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane C a t al o g N o. . . . . . . . . /.U.0.' . . . . . . . . . . . . . . . . . .

. . .T ?. .) . . . Walls between luminaire & No. & Type lamps . . . . . /.8.9 .H . . . . . . . . . . . . . . . .
.

work plane Lumens / Lamp 95#O
j

.... W... . Walls below work plane Light loss Factor ........yj..
..

. . . . J A . . . . . . . . . Floor (LLD x LDD)
.

.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 7.6 ; Ceiling Cavity Ratio = /. /, ; Floor Cavity Ratio = 3. 9

2. Obtain effective ceiling cavity reflectances (p.,) from Table B; p,.= j ')
3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = 17

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

\.

I
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ILLUMINATION CALCULATION SHEET
For Use wifh IES Zonal-Cavify Method

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

GENER AL INFORM ATION .

.:ompany na me and aed re.. . . : . . . . . . . . . . . . . . 6 f. 9.4.9.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

A r e a t o b e li g h t ed . . . . . . . . . . . . | . . . . . 3. .N[. [. . . .h.?.@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel ot illumination. . . . . . . . . . . . .[.k. . . . . . . .fwwmrt) (maintained)

C alc ul a ted by . . . . . . . . . . . . . . . . . . 0 a1e . . . . . . . . . . Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
-

1._ __"f _ 1M.
"

Dimensions
ll fh,. a

... 4.?... . . Room Length w.p.
.

-------.-I----... 1 f... . . Room Width
"

me (,
. . . . /.-l .'. . . . . Height of room between luminaire & work plane (hrc) 4

. , <.... '..... . Distance from luminaire plane to ceiling (hec)..

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

Room Surface Reflectance in 7e Luminaire
,

. . . . . . ' . . . . . . . . Ceiling Manuf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . [. . Walls above luminaire plane Catalog No. .........l.U.9...................

. . . f.' .# . Walls between luminaire & No. & Type lamps . . . . . . /.0.?.W . . . . . . . . . . . . . . . g..

work plane Lumens / Lamp . . . . . . . . . .M?.9 . . . . . . . . . . . . . . .
..;... . Walls below work plane Lig ht loss Factor . . . . . . . /. g/. . . . . . . . . . . . . . .....

..,
........ 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 = ,4 ; Floor Cavity Ratio = /. 4
2. Obtain effective ceiling cavity reflectances (,....) from Table B; p,,= (,, 1

3. Obtain effective floor cavity reflectance (,,, ) from Table B;p,, = /g

4. Find coefficient of utilization from pub! Shed data (for pr. = 20%) C.U. =' ,oq

/ 9
,s A.a ,-~ . ,
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ILLUMIN ATICN C ALCULATION SHEET
for Usc with IES Zonal. Cavity Methodi

V (See individual data shocts on luminaires for co'officients of utillzation)

GENERAL INFORMATION .
.

o mp a ny na m o a nd a dd ress . . . . . . . . . . . . . . . . . . .L. . '. L ' B L DG. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

..........

A r ea t o be lighted . . . . . . . . . . . . ; . . .f,Y.Q [,4,Q K , . . . dMA , , , , . . . . . . . . . . . . . . . , , , , , , , , , . . ,

Desig n ievel ot illumination . . . . . . . . . . . . . Sf. . f.9. . . . . (initial) (maintained)

C alc ula ted by . . . . . . . . . . . . . . . . . . . . Dat e . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
th _ _ .1._ 12f.""

D,mensionsi
i . ,-

. a= n. . . . . . .#. . . . . Room Length w.p.

. .. . W . .. . Room Width --------I-"

me v
. . . . . . ll .J . , . Height of room between luminaire & work plane (hrc) 4

.....'.if.... . Distance from iuminaire plane to ceiling (hec)

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

Room Surface Reflectance 10 7e Luminaire
,

. . 2 9. '. . . . . Ceiling M a n u f act u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

... ....... . Walls above luminaire plane C a t al o g N o. . . . . . . . . ! .i. 4 .0. . . . . . . . . . . . . . . . . . .

..$~.7 f.... . Walls between luminaire & No. & Type lamps . . . . . ./.M. .W. . . . . . . . . . - . . . .
work plane

g Lu m e ns / La mp . . . . . . . . . ?.f.M. . . . . . . . . . . . . . . . .
. , . . . 4. . . . . Walls below work plane ...........f/..............Light loss Factor '

......I.4........ Floor (LLD x LDD)
.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 2M ; Ceiling Cavity Ratio = . 4 9 ; Floor Cavity Ratio = 3

2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p,,= (,. 4

3. Obtain effective floor cavity reflectance (p,.) from Table B;p,, = 19

4. Find coef ficient of utilization from published data (for p,. = 20%) C.U. =' ,64p

007 oM OGEG / ^ # '#N o. or
Pl* TJn f s :.wps/rs e rn e X tmsas ju.,er, A CO $ LL F

po A 70 A 4 0 t wo eoo _ gy
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ILLUMINATION CALCULATIONJ SHEET
for Use with IES Zonal Cavity Method

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

GENERAL INFORM ATION -

C o m p a ny na me a n d a d d ress . . . . . . . . . . . . ./[. .h; . .i.k .9.h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ar ea t o be light ed . . . . . . . . . . . . . . D.4 .9 K . . . . d (2fM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design !evel of illumination. . . . . . . . . 8.9. .F. [ . . . (m4+al)(maintained)

C al c ula ted by . . . . . . . . . . . . . . . . . . Dat e . . . . . . . . . .Ch ec k ed by . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .

IDESCRIPTION OF AREA AND LUMINAIRE 13L
1___"f__D*I

"

Dimensions
se 40

....7f.9.' . . . Room Length w.p.

. . . . . f.?. ' . . . . Room Width ---------I-"

his 6
. . . . 3.1...T. . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . 15. . . Distance f rom luminaire plane to ceiling (hec)

. . . . . [. . . . . ,He!;;hi et .vork plane above floor (hfc)

Room Surface Reflectance M 7e Luminalte
,

... J.$. . Ceiling M a nu f actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.

. . . . . . ' . . Walls above luminaire plane Catalog No. ......./.Tf.$...................
..

.L'ip...... . Walls between luminaire & No. & Type lamps . . . .d .@. .W. . 5'.f.4. . . . . . . . g
.

work plane Lu m e ns / La mp . . . . . . . ./.g c. o. .o. . . . . . . . . . . . . . . . .
y

..

. . . Walls below work plane Light loss Factor ....... 8'/.................... ..
.

. . '.2... .. . Floor (LLD x LOD)

SELECTION OF COEFFICIENT OF UTILIZATION
*

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 3 ; Ceiling Cavity Ratio = . 2 5 ; Floor Cavity Ratio = . 6

2. Obtain effective ceil;ng cavity reflect;nces (v...) from Tabic B; p,,= L/9
3. Obtain effective floor cavity reflectance (c,.) from Table B; p,, = /9

4. Find coefficient of utilization from published data (for p,. = 20%) C.U. =' ,7

O
u. ~ .- , e ,-, ,,
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ILLUMINATION CALCULATIOIN SHEET
For Use with IES Zonal-Cavity Methodp

V (See individual data shoots on luminaires for coefficients of utilization)
'

GENERAL INFORM ATION -

Company name and addre... . . . . . . . . . . . .(:A . . 4.4. M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

Are a to be lighted . . . . . . . . . . . . . . . . . . .d .5 C. F. . . EQ Af //'. . . . .@f 0.7, . . . . . . . . . . . . . . . . . . . . . . . . .

Desig n level of illumination. . . . . . . . . . . 7,Q. .f C . . . . . . (MWe4) (maintained)r

Calc ul a te d by . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
O has J.f

Dimensions
see 13: ;')

.....9. . . Room Length w.p.

- - - - - - - - I-"
. . . . . .' / .E . . . . Room Width

hfS 4+

. . . . . .U.,f. . . Height of room between luminaire & Work plane (hrc) 4

. . . . 2 5. . . . Distance from iuminaire plane to ceiling (hec)
. . . . . . 7. . . . . . Height of work plane above floor (hfc)

Room Surface Reflectance m 7e Luminalte
,

. . . Ceiling M a nu f actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... .. .

. Walls above luminaire plane Ca talo g No. . . . . . . . . . . /.T 7. 9. . . . . . . . . . . . . . . . .n ... . ... .

U . . f . ' . .'. . . Walls between luminaire & No. & Type lamps . . . . . . /.#.?. .T. . . . . . . . . . . . . . .
work plane Lumens | Lamp 9f,o

. . . . . .b. . . Walls below work plane Light loss Factor . . . . . . . . : Ef
,

. . . . . t.7. . . . . . . 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 = .J 7 : Floor Cavity Ratio = ,7d

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; ,,,= t.f 4
3. Obtain effective floor cavity reflectance (p, ) from Table B;e,, = /9
4. Find coef ficient of utilization from published data (for y,. = 20%) C.U. =' 62 ,

0 |
*

v

to- u nc t.r s 1 A'2 f A. , , , , .
_
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.

ILLUMINATION CALCULATIQi\1 SHEET
for Use with IES Zonal Cavity Mefhad

(See individual data shocts on luminaires for COcflicients of utilization)

GENERAL INFORMATION -

Company namo and address . . . . . . . . . . . . . . . /. L. .' . . 61 O C.,.... ..... ......................................

A re a to be lig hted . . . . . . . . . . .M/. 5. f, . . . 5g,q g g,q,g , , , , ,T /. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination. . . . . . . . . . . . . .&. . f.C. . . . . (Wuel) (maintained)

Calculated by . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

_ .1_ __*f _ _1!.f g
"

Dimensions

sn I''T.......?9... . Room Length *a~

wf.

-------.-I--. . . . . . 6. . . Room Width
' "

.

me s
. . . . . . // d. . . . . Height of room between luminaire & work plane (hrc) 4

.....J.'''.. . Distance from iuminaire plane to ceiling (hec)

........f*,... . Height of work plane above floor (hfe)

Room Surface Reflectance M #/o Luminaire
,

'

. Celling Ma n uf act urer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... ..... ...

. Walls above luminaire plane Ca talog No. . . . . . . . / U.?. . . . . . . . . . . . . . . . . . . !...... . ....

. 52. . Walls between luminaire & No. & Type lamps . . . /v.f.W . . . . . . . . . . . . . . . . .
work plane

L u m e n s / La mp . . . . 9. . .o. .o. . . . . . . . . . . . . . . . . . . .
e

. Walls below work plane.. ..m... y........<..o................. iLight loss Factor
. . . J. 2 . . . . . . . Floor (LLD x LDD)

.

|

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /, f ; Ceiling Cavity Ratio = 3 7 Floor Cavity Ratio = .9
2. Obtain effective ceiling cavity reflectances (e .) from Table B; p., = t.H,,

3. Obtain effective floor cavity reflectance (y,.) from Table 0;y,, = /9
4. Find coefficient of utilization from published data (for g,. = 20%) C.U. =' , (, c. j

O!
No av

_

fco r cpuc,ur s y AerA

P u x 'ra tt e L Lw o3/ f s e r.nn e X uusas /wt, y C0 g LL F

|

/0 7 9 *^ * U M 3 :.0 0 \'$,. )- -

T CW. u. x . h9roo n

.

.

M
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.
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ILLUMINATION CALCULATION SHEEET
For Use with IES Zonal Cavity MethodPQ (See individual data shoots on luminaires for coefficients of utill2ation)

GENERAL INFORMATION -

C o m p a n y n a m o a n d a d d ress . . . . . . . . . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . . . . . .b. 4. ./.5. C....... S..T.O. 4.A f.r f..... *. 2. . .. . . ...............................

Design ievel of illumination. . . . . . . . . . . . . . . . /9. [$~ . . .(W (maintained)

Calc ulated by . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .C h e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

Q D,mensions _1_ _"f _ _//J
1Ef."

i

sn 1. o
. . . . . .f.k. . . . . . Room Length w.p.

. . . . . i @. . . . . Room Width ---------I-"
-

we c.
. . . . . l/.'.E. . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . I .' 7. . . . Distance from luminaire plane to ceiling (hec)

. . . . . . 0. . . . . . . . . Height of work plane above floor (hfe)

Room Surface Reflectance M % Luminaire
,

. . . . . . . . . . . . . . Ceiling Ma n u f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane Catalog No. ........./.9.I.4.................
. . . . f" ) . f,. . . . Walls between luminaire & No. & Type lamps . . . . . . (f f.fl. . . . . . . . . . . . . . . .

work plane
Lu m e ns / La mp . . . . . . . . . ?.?? 8. . . . . . . . . . . . . . . . .

........7. . . . Walls below work plane Lig ht loss Factor .. . . . . . : yf. . . . . . . . . . . . . . . . . .
*

..

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

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = "2. t Ceiling CavityRatio = 4 : Floor Cavity Ratio = /
2. Obtain effective ceiling cavity reflectances (p..) from Table B; p,, = H,

3. Obtain effective floor cavity reflectance (p,,) from Table B; p,, = ley

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

~ , . ,, ,- _ , s , -
,
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. _ _ . . . . .--,-,..w.w ws as a a
for Usc with IES Zonal Cavity Method ..

(See individual data shocts on luminaires for coefficients of utilization)
~

GENERAL INFORMATION
*

.
,

C o m p any n a m e a nd a d d ress . . . . . . . . . . . . . . . . . . . . . . . . . d.9$ . . .O.k .Qfr . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a r e a t o b e li g h t ed . . . . . . . . . . . . ; . . . . k Qd 4i' 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-
.

.

Desig n ievel ef illumination. . . . . . . . . . . . . h?. .G. . . . . .(Initial) (maintained)

C alc ula t ed by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Dele . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
_ _ .1_ __.""_ _ LL

O Dimensions (o
h.e

.M. . Room Length..... ws.

- - - - - - ,l - :b-. . . . . ./. ? . . . . Room Width
e o. ..>

.f.. . Height of room between luminaire & work plane (hrc) 4.....

. . . . [: ?. . . . . Distance from luminaire plane to ceiling (hec)

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

Room Surface Reflectance a rt % Luminaire
,

.....??... . Celling Manu f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane C a t al o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -.... .... .

. . . . . 73. . . . . Walls between luminaire & N o. & Typ e l a mp s . . . . $ . ! .U.0. . . . . . . . . . . . . . . .
* ' P '""' Lu m e ns / La mp . . . . . . . . //.0 0. . . . . . . . . . . . . . . . . .

. Walls belcw work plane Lig ht los s Factor .. . . . . . ! .75. . . . . . . . . . . . . . . . . . ... . ...
.

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

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 21 ; Ceiling Cavity Ratio = . 7 ; Floor Cavity Ratlo = 1.I
,

2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p = 7C) -

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = .2 D

4. Find coefficient of utilization from published data (for gr. = 20%) C.U. =* 63

FC01* C4 N O t I $ / bMAN g, oy

P I A N t2 f L L A M Pb / c g a rart g ;( Lp g n jp,,,g, X ,C U A LL F
\
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. . . . . . - . . . . - . . . - , . - ~ r- e e e w ae ama

for Usc with IES Zonal.Cavify Mefhod

(See individual data shocts on luminaires for coefficients of utilization)

GENER AL INFORMATION O.
-

.

C o m p a ny n a m e a n d a d d re ss . . . . . . . . . . . . . . . . . . . . . . . .d.f.). . 6 (. 9 9; . . . . . . . . . . . . . . . . . . . . . . . . . . .'. .
.

A re a t o be lig h t ed . . . . . . . . . . . . . . . . . . .f. 6 .@.1. . . . f T.7.9.6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Desig n ievel ot illumination. . . . . . . . . . . . . . .?.9.f.9. . . 0Mee4(maintained)

C alc ulat ed by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . . Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE 4

-_.1__-."f__11J
"

Dimensions

. . . . Z.'.l. . . . . . Room Length , , ,

- - - - - - - - - I-"

. . . . . t ?. . . . . . . Room Width
see 2, T

. . . . . C. . . . . . . . Height of room between luminaire & work plane (htc) 4

. . . 4 E. . . . . . Distance f rom iuminaire plane to ceiling (hec)

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

Room Surface Reflectance a r? % Luminalre
,

. . . . . ?.Q . . . . . . Celling M a n u f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .... ..

.....f9. . Walls between luminaire & No. & Typ e lamps . . . . . & . f. .".9. . . . . . . . . . . . . . .
.

w rk plane
I L u m e ns / La mp . . . . . . . . 3. ? ?.9. . . . . . . . . . . . . . . . .
.h. . Walls below work plane Light loss Factor . .. . 4 7.g... .

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

. . . . . J P. . . . . . . . Floor (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 = 1. 2 )~

2. Ottain effective ceiling cavity reflectances (y,,) from Table B; p,, = 70
3. Obtain effective floor cavity reflectance (y,.) from Table B;p,, = 17

4. Find coefficient of utilization from published data (for pr. : 20%) C.U. =', d. o
- .

I
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. . . . _ . . . . _ . .. -..~,-..s-.= w e eww e

For Uso with IES Zonal-Cavity Mefhod

(See Individual data shoots on luminaires for coefficients of utilization)

I GENERAL INFORMATION |-
.

C o mp any na m e a n d a d d re ss . . . . . . . . . . . . . . . . . . . '. dh. . . .d .9.@. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . |
|

A re a t o be lighted . . . . . . . . . . . . ; . . . . . . . . .W. ./. N. . . .?f/ /.Q 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .- |3

1

Design ievel of illumination. . . . . . . . . . . . 79. .f.C. . . . . ped (maintained)

Cal c ulated by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
- _ .1 _."' 1M

DimensionsO C.w.
. . . . . . . D. . . . . Room Length w,,

. /.--. . . . . . . /. h . . . . . Room Width
"

us 2. 5
.. . . . . . h. . . . . . Height of room between luminaire & work plane (htc) 4

. . . . ./e k . . . . . . Distance from luminaire plane to ceiling (hec)

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

Room Surface Reflectance it? % Luminaire
,

. . . . . . 8,0. ., . . . Celling M a n u f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane C a t a l o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

. . . . . 5.Q . '. . . Walls between luminaire & No. & Type lamps . . . 2. : .E .4.Q . . . . . . . . . . . . . . .
. / work plane( Lu m e n s / La mp . . . . . . 3. .j o. a. . . . . . . . . . . . . . . . . . . ..

. . . . . . Walls below work plane 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 = 3 ; Ceidng Cavity Ratio = , 7f ; Floor Cavity Ratio = /,2 7
2. Obtain effective ceiling cavity reflectances (p,.-) from Table Bl p,, = ~20

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = /9

4. Find coc!ficient of utilization f rom published data (for y,. = 20%) C.U. =' g,o
,

o

FC* T CMD L ' L ^^#No er

r-I A TJ tt r s Lwps/r e rne X t.wsus jwr> X ,CU y LL F
\
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,

. . ... - - _ . . . . . - w e e-n a ,

For Usc with IES Zonal Cavity M:thod

(See individual data shoots on luminaires for coefficients o' utillzation)

GENERAL INFORM ATION
*

.

O,

-

C o mp a ny na m e a nd add resa . . . . . . . . . . . . . .'. . . . . . . , M. . . . 4.@.k.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

are a to be li gh t ed . . . . . . . . . . . . l .U.D .4.9.k .T.D [. . . .T.8.U .S . . . . . . . . . . . . . . . . . . . 4 . . . . . . . . . . . . . .'

Desig n level of illumination. . . . . . . . . . . . .f9. 64. . . . . . W (maintained)

C alc ula ted by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

- - .A - - *f
A.!1."

Dimensions
6h,. m

. . . . . .% .Y . . . Room Length w.p.

. !.l. . . . . Room Width - - - - - - - - - I-"
....

bis 2. 5'
...... 6. .. . . Height of room between luminaire & work plane (hrc) 4

. . . . . /: f. . . . Distance from luminaire plane to ceiling (hec)

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

Room Surface Reflectance m 7e Luminaire
,

. . . . 8.7. . . . . . . Celling M a n u f ac t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t a l o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

..... M $. . . Walls between luminaire & No. & Typ e lamps . . . . .%. .#. f.0. . . . . . . . . . . . . . . . .
work plane

Lu m e n s / La m p . . . . . . .h ?.3 . . . . . . . . . . . . . . . . . . .
.w . . . Walls below work plane O

,
Light loss Factor . .. . 7. .-'.................... W. .

. . . n 9. . . . . . . . . Floor (LLD x LCD)
.

.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratics using Table A or by formula

Room Cavity Ratio = 3.7 ; Ceiling Cavity Ratio = 9 ; Floor Cavity Ratio = l . f.
2. Ottain effective ceiling cavity reflectances (p,.) from Table B; p., = 66 -

3. Obtain effective floor cavity reflectance (p,,) from Table 8;pt, = 10
4. Find coefficient of utilization from published data (for y,. = 20%) C.U. =' . J'E

,

N o, og FCOT ChMOLf$ | YM

f" I* *TJ rt i s L A M PS/rs s rsn t X umsus /w.ern A CU / LLF

S~o .x 12^24 , I 4 d o? r, (o
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. . . _ _ _ _ . . . . - . ..-o

for Usc with IES Zonal.Cavily Mefhod

(See individual data shoots on luminaires for coefficients of utilization)

O oe"ca^' '" roam ^Tio" -
.

.

..

Co mp a ny na m e a nd a d d ress . . . . . . . . . . . . . . . . /}.9. . .@.f.9. 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,

Area to be lighted . . .D.f.$ . 9.". .$.9.T.(;M f(f.C .$. . . . .$. d. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

Desig n ievel of illumination . . . . . . . . . .'.M .f.C . . . . . . . (initial) (maintained)

C alc ulat ed by . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Che c k ed by . . . . . . . . . . . . . . . . . . . . . .Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

- - .L. - ~f. . Lv.
:

Dimensions
"'' /oU . . . . . . .q e. . . . . . Room Length , , ,..

. . . . 7.9. . . . . Room Width ----------I--"

we 2.5
. . . . . . 4. . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . /.'f. . . . . . Distance f rom luminaire plane to ceiling (hcc)

. . . . .d.,f. . . . . Height of work plane above floor (hfc)

Room Surface Reflectance m% Luminaire
,

. . . 89. . . . . . . Celling M a n u f a ct u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t a l o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . EP. .) . . . . . . . Walls between luminalta & No. & Typ e lamps . . . . . 3 . .f.''.' 9. . . . . . . . . . . . . .
) work plane

. . . . . .b . . . . . Walls below work plane - Lu m e ns / La mp . . . . . . . 8/.99. . . . . . . . . . . . . . . . . .
Light !oss Factor . . . . . 7.f. . . . . . . . . . . . . . . . . . ..

. . 3. p. . . . . . . . . . Floor (LLD x LDD)
*

.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 1. F ; Ceiling Cavity Ratio = ,uI : Floor Cavity Ratio = ,75'
2. Obtain effective ceiling cavity reflectances (p, ) from Table B; p,,= ~7 3 -

3. Ontain effective floor cavity reflectance (p,) from Table B;e,, = 19

4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =* 7o-
- ,

,

a

FCor cwOs ! L X ^ ^ !^y o, e,
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ILLUMIN ATION CALCULATI N SHEET
for Usc with IES Zonal-Cavily Method

(See individual data shoots on luminaires for coefficients of utillzation)

GENER AL INFORM ATION

Company name and address. .........A.. D G L OC, '. .
. .......... . .... .. . .

A r e a to be lig h t ed . . . . . . . . . . . . . . . . . . . .Y. ! .@. . . . f.4.4 7.8.7.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel of illumination. . . . . . . . . . . . . . 49. . . . . . (FMre9 (maintained)

Calculated by. . . . . . . . . . . . . . D at e . . . . . . . . Ch e c ked by . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . ..

DESCRIPTION OF AREA AND LUMINAIRE I

- - . L - ~f . A 's.
"

Dimensions
n.

. . /. a . Room Length 'J
. w,,

I. . . . /. h. . Room Width "

-------.-2.rev.(. . Height of room between luminaire & work plane (hrc) 4.

. /, E . Distance from luminaire plane to ceiling (hec).

. . . . . i. . . Height of work plane above floor (hfe)

Room Surface Reflectance in 7e Luminalre
,

.U . . Celling M a n u f ac t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .

. f.Q . . Walls between luminaire & No. & Type lamps A . . 8/MR . . . . . . . . . . . . . . . . .
work plane

Lu m e n s / L a mp . . . . . 3. /. 9.9 . . . . . . . . . . . . . . . . . . .
. . Walls below work plane

Light los s Factor . . . .. 75. . . . . . . . . . . . . . . . . . . . ..

. . . . .Q . . . . . Floor (LLD x LDD)
'

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = " /0' ; Ceiling Cavity Ratio = /. O ; Floor Cavity Ratio = /.7
2. Ottain effective ceiling cavity reflectances (p,.) from Tabic 8; p,,= 67
3. Obtain effective floor cavity reflectance (,,,.) from Table B;y,, = /P

4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =' .54

No s se icor c w oL.($ / b b 5A

r- I t 'ro n r t. L w ay/r o . rn e y, tw ws jp g, y Co x ;LL F
\

r jo se a
- y.3oe s

- 9 /l

-.

,~ ~1, , x . ,~ . n i

O
' '

.. .V 90029212' j@
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ILLUMIN ATION C ALCULATIOi\1 SHEET
for Use with IES Zonal-Cavity Mefhodp

(See individual data shocts on luminaires for coefficients of utilization)

GENERAL INFORMATION -
.

Co mp a ny na me a nd a d d ress . . . . . . . . . . . . d, f? i . . . $.A. .9 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted. . . . . . . . . . . . ; . . . . . lMfR. . . .{Mf............................................

''#2 # " #MDesign !evel of illumination. . . . . . . . . . . . . . 7?. .%. . . . .(44W) (maintained)

C alc ula ted by . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Ch ec k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

O - - .L - ~- Lv
D,imensions

&
hec

....rh.... . Room Length w f,
,

#
. . . . ./8.'. . . . . . . . Room Width

"
- - - - - - - - - - -

hfs se
. . . . . 6. . . . . . . Height of room between luminaire & work plane (hrc) 4

......hf. . Distance from iuminaire plane to ceiling (hec).

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

Room Surface Reflectance M 7e Luminaire
,

. . . . . . f.9. . . . . . Ceiling M a nu f a ctu rer . . . . .$ . .d. . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane Catalog No. . . . 9f. . .D.T.T.W. . . . . . . . . . . ......... ..

. . . . . !~ .T i . Walls between luminaire & No. & Type lamps . . . ,2, . :'.E.T P. . . . . . . . . . . . . . . .
w r plane Lumens / Lamp . . . . . . 4 ! R ?. . . . . . . . . . . . . . . . . . .

. Walls below work plane Light loss Factor -. . . . . .. 7.g..........- ..
. ...................

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

SELECTION OF COEFFICIENT OF UTILIZATION 4 -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 2.5 ; Ceiling Cavity Ratio = . /, ; Floor Cavity Ratio = / f.-

2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p,,= 7/

3. Obtain effective floor cavity reflectance (y,.) from Table B;'p,, = l S'

4. Find coefficient of utilization f rom published data (for p, = 20%) C.U. =' .6 3

Os
-

rcer cwours .x A n thN o, o,

I= tx un e s t w p p , a r ,a e g ,, a y,,,, .x CJ g LL F

1

70 x, 1aU~. ' ' . - , -
- : i5,5*

.
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ILLUMINATION CALCULATION SHEET
For Usc with IES Zonal Cavity Method

(See Individual data shoots on luminaires for coefficients of utillzation)

GENERAL INFORMATION -

Co m p a ny n a m e a n d ad d re ss .'. . . . . . . . . . .d. D.M . . . . ($ 6 A .G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A r e a t o b e li g h t ed . . . . . . . . . . . . ; .M.#. .E, ,{ ,( ,4, #,q , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,

|
''# '"Desig n ievel of iliumination . . . . . . . . . . . . . . . [?.f.9 . . . .(la4+ek) (maintained)

C al c ulat e d by . . . . . . . . . . . . . . . . . . . D a te . . . . . . . . . .C h e c k ed by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE f
_

. .. L . - ~f - k r
1aDimensions W

hec d' #O

...... ? . . Room Length'

w.p,
'

- - - - - - -

- - I. s '
".... ..;i.. . Room Width.

me. 9
.......A. . Height of room between luminaire & work plane (hrc) 4

~
.

. . . . /.< f . . . Distance f rom lurc.inaire plane to ceiling (hec)
,

. . . . . . J. r". . . . Height of work plane above floor (hfc)

Room Surface Reflectance M 7o Luminaire

. .C. . . . . . Ceiling Manufacturer . . 5.Y.## I. . 7.#.9.7.T. . . . . . . . .. ..

.. . .' . Walls above luminaire plane Catalog No. ...f.?..f.9.@..~.9.f...............

...Q.. . Walls between luminaire & No. & Typ e lamps . . . f. . .f.V.9. . . . . . . . . . . . . . . . .
work plane

L u m ens / La mp . . . . . . ,. j o. . o. . . . . . . . . . . . . . . . . . . ..

. Walls below work plane
Lig ht loss Factor . . . . . . . : .;rr. . . . . . . . . . . . . . . . .

-...

.

.; P.. ., . Floor (LLD x LDD)..

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 1,45 ; Ceiling Cavity Ratio = . 4 ; Floor Cavity Ratio = , fe
2. Obtain effective ceiling cavity reflectances (,,) from Table B; p,.= 74
3. Obtain effective floor cavity reflectance (,,,,) from Table 8;,,,, = /9
4. Find coefficient of utilization from published data (for,,,. = 20%) C.U. =' . 7/

i

k. , J. . a , -~. ,,
__

O fk M

L

Y A 00
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'
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. _. . . _ _ _ - , - . . . . . we ewe s
For Usc with IES Zonal Cavity Mefhod

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

GENERAL INFORMATION '

, . .

C o mp a ny na m e a nd add ress . . . . . . . . . . . . . .'. . . . . ' d.@. . ,h.9.9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .'. .

sre a t o be lighted . . . . . . . . . . . . ; . . . . . . 9.0.7/2 # gg,9, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,.,,

Design ievel of illumination. . . . . . . . . . . . . /P. % . . . . . Samat) (maintained)

Calc ula ted by . . . . . . . . . . . . . . . . . . . . D a1e . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

_ _ .1._ _ "f
1 d"

Dimensions

Lq w' , , - ,,
. . . . . . .. . . . . . . . . . R o o m Length w,,
. . . . . . p. . . . . . . . . Room Width ---------I-."

his O
. . . . . .M. . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . . . /E. . . . Distance from luminaire plane to ceiling (hcc)

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

Room Surface Reflectance Iff % Luminaire
,

,

. . . . . . . . . ?. . . . . . C eil .mg Manufacturer . . . . . . . . hoc S PHa n
.-

9......................
. . . . . . . . . . . . . . Walls above luminaire plane Catalog No. . . . . . . . . . . . 4(.9 R . . . . . . . . . . . . . . .

D . . Walls between luminaire & No. & Type lamps . . . . [. : .$ .Y.9. . . . . . . . . . . . . . . .
w rkplane

. . . . . . . . . . . . . Walls below work plane
- Lumens / Lamp . . . . . . .} ! ?.3. . . . . . . . . . . . . . . . . . ..I

Lig ht loss Factor . . . . : .75. . . . . . . . . . . . . . . . . . . .
. . . . . . e. ? . . . . . . . Floci (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION
'

-

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = F : Ceiling Cavity Ratio = .uf ; Floor Cavity Ratio = 0
'

2. Obtain effective ceiling cavity reflectances (,,,,) from Table B; p, = 7:R - .

3. Obtain effective floor cavity reflectance (,,,,) from Table B;e,, = 10

4. Find coefficient of utilization from published data (forpr. = 20% ) C.U. ='. 3/
.

I

N o, e tr NOT o M OLI$ |
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.. _....-. we emas. . . _ _ . . _ _ _ .

for Usc with IES Zonal Cavity M:thod

(See individual data sheets on luminaires for coefficients of utilization)
J

G ENER AL INFORM ATION
-

C o mp a ny na m e a nd ad d re ss . . . . . . . . . . . . . . . . . . . . . . . . . . d; k . . . O /r8.k. . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . . . . . . . . . . . $.78.@.I. 9 9. $. . . . .b . $ 3. . . . .. . ......

Design ievel ot illumination. . . . . . . . . . . . . . .df. 8.4. . . , hfrrtrai) (maintained)

Calc ulated by. . . . . . . . . . . . . . . . . . . . Date . . . . . . . . r,h e c k e d by . . . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
- . L . ~" L ..r.

Dimens'ons *

9, 5

. . . . .M . . . Room Length wf,

. . . . 4. . . . Room Width ---------I----'

. hf6 0

....7.t... . Height of room between luminaire & work plane (hrc) 4

. . . . . .J. . Distance from luminaire plane to ceiling (hec).

.....9.. . . . Height of work plane above floor (hic)

Room Surface Reflectance art % Luminalre
,

. . . . . "P . . . . . Ceiling M a n u f act u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
- .=

. . . . . . . . . ' . . . Walls above luminalre plane C at alog No. . . . . . . . . . . 469. . . . . . . . . . . . . . . . . .

. . . . To . . Walls between luminaire & No. & Type lamps . . . . . . . /.W.Y.9 . . . . . . . . . . . . .
work plane L u m e ns / La mp . . . . . . . ? ! ?.9. . . . . . . . . . . . . . . . . . .

. Walls below work plane Li g ht l o s s Fa ctor .. . . . . . . '. 7.'. . . . . . . . . . . . . . . . . .... ..

. : . 2. . . . . . . . Floor (LLD x LDD)..

.

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = f7 ; Ceiling Cavity Ratio = ,Vf ; Floor Cavity Ratlo = 0
,

2. Ottain effective ceiling cavity reflectances (y,.) from Table B; p,,= 7% -

3. Obtain ef fective floor cavity reflectance (,.,,) from Table 8;pe, = 7 ")

4. Find cocflicient of utilization from published data (for pr. = 20%) C.U. =' , .2 #
,

FCOT cwCLet 1 hAUyg ey

r- o wn e s Lwn/ru a rn e x u~,ws ye x ,cv y LF
\

h' TM
.. - - .

[g G. A|C X
.. .

'
~

I3/oo X 1? s 75' 6fl * " ' ' ~*'

|

1
|
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. . _._ . . . . _ , - ,- . e . ,. w w a wn s

for Usc with IES Zonal Cavity Method

(See individual data shocts on luminaires for coefficients of utilization)

O ce"enet iNFOnmATiON -
.

Co mp any nam e and add ress . . . . . . . . . . . . . .'. . . . . . . . . . /f'.9 $ . .l3.4 A.Q. . . . . . . . . . . . . . . . . . . . . . . . . . .

Arc a t o be lighted . . . . . . . . . . . . .* . . . . . .$. 9.6. f. f. 9 9. 6. . . . . .$. .T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

Design ievel of itiumination . . . . . . . . . . . . . .@ . f. f. . . . . (44e4)(maintained)

Calc ul a t ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE +

-..L.-
~f

L ..~

Dimensions

O -
. . . . /. 7. 6. . . . Room Length w ,.

-I'.......f.. . Room Width
hft

.....id . . . . Height of room between luminaire & work plane (htc) 4

..... 4..... . Distance from luminaire plane to ceiling (hec)*

. . . . . 9. . . . . . . . Height of work plane above floor (hfc) -

Room Surface Reflectance tri % Luminaire
,

. . . . . M . . . . . . Celling Ma nu f a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . Walls above luminaire plane C a t al o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . E '? . . . Walls between luminaire & N o . & Typ e l a m ps . . . . . /. . . f. .V.?. . . . . . . . . . . . . .
work plane Lumens /La mp . . . . . . . . 7/.9 9 . . . . . . . . . . . . . . . .

. Walls below work plane - Light loss Factor . . . . . .<. . .l . . . . . . . . . . . . . . . .... .,... ..

. . . . . TW. . . . . . . . Floor (LLD x LDD)
.

.

SELECTION OF COEFFICIENT OF UTILIZATION
-

.

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = F : Ceiling Cavity Ratio = ,'l t Floor Cavity Ratio = 0

2. Ottain effective ceiling cavity reflectances (p,.) from Table 8; p,,= 7 c/ -

3. Obtain effective floor cavity re!!cctance (,.,.) from Table 8;e,, = no
4. Find coefficient of utilization from published data (forer, = 20%) C.U. =* 5/

,

8

O
, ,, l,,,, _ ,,,, , _

P I A N ft f L L A M Pb/ fi s TJtL i / LstMgus fumr* X ,CU $ LL F
\
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,,
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. .. _ _ -. . . . . weea
For Usc with IES Zonal. Cavity Method

(See individual data shcots on luminaires for coefficients of utilization)
GENERAL INFORMATION g. .

,

Co mp a ny n a m e a n d a d d re ss . . . . . . . . . . . . . . . . . . d .9. . . . .@ f .9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '. .

A re a t o b e lig ht ed . . . . . . . . . . . . ; . . . . k .0.7.h.i A. F. . . .',% [4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-

Desig n ievel of illumination . . . . . . . . . . . . . .O. f.C . . . .(k@el)(maintained)

Calc ul a t e d by. . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .C h e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE +

_ 1_
"f _la~
"

Dimensions

y- h. f., &. . . . . . . . . . . . . . noom Length W,,,
. . . . 4 0. . Room Width I-~"

.

his I. T......f... . . . Height of room between luminaire & work plane (hrc)
4

. . . . . h i . . . . . . Distance f rom luminaire plane to ceiling (hec)

. . . . . .E. . . . . . . Height of work plane above floor (hic)

Room Surface Reflectance art % Luminalte
,

. . . . . . E P. . . .,. . . Celling M a n u ta c tu re r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... ... ....

. . . . . .f.:? . 6. . . Walls between luminaire & No. & Typ e lamps . . . 2. . . 5 .V.'' . . . . . . . . . . . . . .work plans
Lumens / Lamp . . . . . . . . .est.o.o..................

. . . . . . . . _. . . Walls below work plane
- Light los s Factor . . . . .. p r. . . . . . . . . . . . . . . . . . .

... .h.'........ Floor (LLD x LDDj
...

' '

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = .& ; Ceiling Cavity Ratio = , /6' : Floor Cavity Ratio = .3
2. Ottain effective ceiling cavity reflectances (p.,) from Table B; p, = 77

3. Obtain effective floor cavity reflectance (p,.) from Table B;p,, = 1. 0

4. Find coefficient of utilization from published data (for p,. = 20%) C.U. =' 3'o
o

N o, oy
_
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For Usc with IES Zonal-Cavity Mefhod

(See individual data shoots on luminaires for coefficients of utilization)

GENERAL INFORM ATION -
.

C o mp a ny na m e a nd ad d ress . . . . . . . . . . . . . . . . . . . . . . . d;Q . $ . [[f.-8.9. . . . . . . . . . . . . . . . . . . . . . . . . .'. .

ar e a to be lighted . . . . . . . . . . . . . . . . . . . . . . . 6.(.9.9 .6/. T Y. ./ f.f.f.f.G . . . . . . . . . . . . . . . . . . . . . . . .-

Design ievel ot illumination. . . . . . . . . . . . . 2A . /.C. . . Se+d) (maintained)

Calc ul ated by. . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Che c k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

IDESCRIPTION OF AREA AND LUMINAIRE
-..L.

~f.. L .O Dimensions ,.

. . . . . ;/. . . Room Length , , ,' '

I-"

. . . .k .i . . . Room Width w.

......f.... . Height of room between luminaire & work plane (hrc) 4

. . . . //.I . . . Distance from luminaire plane to ceiling (hec)

. . . . ' . .I. . . . . Height of work plane above floor (hfc)

Room Surface Reflectance a r? 7e Luminaire
,

. . . . . . N. . .,. . . . Ceiling M a n u f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls above luminaire plane C a t al o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

......f.9... . . Walls between luminaire & No. & Type lamps . . . .S. . f .19. . . . . . . . . . . . . . . .

/ w plane Lu m e ns/ Lamp . . . . . . 7/9.9. . . . . . . . . . . . . . . . . . .
. .'. . . . . Walls below work plane Lig ht loss Factor . . . < .'U . . . . . . . . . . . . . . . . . . . ... .

. . . . . .V. . . . . . . . Floor (LLD x LDD)
.

.

SELECTION OF COEFFICIENT OF UTILIZATION
-

1

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /,? ; Ceiling Cavity Ratio = .S' ; Floor Cavity Ratio = , (/

2. Ottain effective ceiling cavity reflectances (p,.) from Table B; p,.= 7 2. -

3. Obtain effective floor cavity reflectance (pr.) from Table B;p,, = /9

4. Find coefficient of utilization from published data (for pr. = 20%) C.U. =' C, 7
,

(
|fcorcwoutL / ABIAN o, e,

r: M 1J ft e L L A M PS / t t er rars t >( usugas (wr> X CU J LLF
\

2a>J? 80G40
_ , (.,.p y > ., -- ~

7' // 0
f 7og y D ^ .7 5 .

O
.
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For Usc with IES Zonal Cavily M:thod

(See individual data shocts on luminaires for coefficients of utillration)
*

GENERAL INFORMATION .
,

C o mp a ny na m e a nd add re ss . . . . . . . . . . . .d.h. . . '. h.k.9.h. $ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .'. .

Area to be lighted. . . . . . . . . . . . . . . . . . . .W.V.fM .rp.{L,i'. . . f. .CM.T.4 9.L. . . .. , ...

Design level of illumination. . . . . . . . . . . . . .@. f. % . . . (imtret) (maintained)

Calculated by. . . . . . . . . . . . . , . . . . D ate . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

__.L__~f__1.__Dimensions

h. . . . . . .#.5f . . . . Room Length wp,

I-. .'+ .4 . . . Room Width
"

...
hft

. . . . . . . . f. . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . .('.f. . . . . Distance from luminaire plane to ceiling (hec)

.. . . . A .C . . . . Height of work plane above floor (hfe) -

Room Surface Reflectance in % Luminalre
,

. . . . @?. . . . . . . Celling M a n uf a ctu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~

. Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .. ...

.....'.2.. . . Walls between luminaire & No. & Type lamps . . . . 3.~. .F.Y.9. . . . . . . . . . . . . . . .
work plane Lumens /La mp . . . . . . . J/? 0. . . . . . . . . . . . . . . . . . .

f . Walls below work plane -

Lig ht loss Factor . . . 7. 5. . . . . . . . . . . . . . . . . . . . . .
. . . . i . 7. . . . . . . . Floor (LLD x LDD)

..

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /, P ; Ceiling Csvity Ratio = , f ; Floor Cavity Ratio = s',

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,,= ~/ 2. -

3. Obtain effective floor cavity reflectance (y,,) from Table B;p,, = /9

4. Find coefficient of utilization from published data (for y,. = 20%) C.U. =', /,7,
8

M T oM D LJ S ^ ^#N o. er
- -w . . , . ~ . n~ .c s , -

\

3(Il s70 / 1" # 4Y 2G
-
''~ // G. c ) .7 y- - ,

! (
nr.1. ... .

_; , e *
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for Usc with IES Zonal. Cavity Mefhod

(See individual data shocts on luminaires for coefficients of utilization)

O GENERAL lijFORMATION .
. .

'

Comp an y na m e a nd ad d ress . . . . . . . . . . . . . . . .d/3. . .@ k8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ar e a t o b e li g ht ed . . . . . . . . . . . . ; . . . . . . . . . .(. .( ; k .4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '

Design 1evel of ittumination. . . . . . . . . .'. . . . .[.o. .%. . . (fmbst) (maintained)

Calculated by. . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . .Che c ked by . . . . . . . . . . . . . . . . . . . . . .Dete . . . . . . . . . .

I
DESCRIPTION OF AREA AND LUMINAIRE

...L..~f..k...Dimensions
*

. . . . . . . i. 4. . . . . . . Room Length , , ,

-/-"

. . . . . . . ;.M. . . . . Room Width m

. . . . . . .(r. . . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . . .['8. . . . Distance from luminaire plane to ceiling (hec)

. . . . . . k.9. . . . . . Height of work plane above floor (hfc)

Room Surface Reflectance 10 % Luminaire
,

. . . . . [. .} . . . . . . Celling Manuf acturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .'

. . . . . . . . . .f.I. . . Walls above luminaire plane C at af o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A ....f.'?..... . Walls between luminaire & No. & Type lamps . . . . 4.~ .5.M ?. . . . . . . . . . . . . . .

V / work plane Lu mens / La mp . . . . . . . . . e , o. .o. . . . . . . . . . . . . . . . .r..

. . . . . . .h. . . Walls below work plane - Light loss Factor . . . . . .j f. . . . . . . . . . . . . . . . . . .
-

.

. . . . E.0. . . . . . . . . Fioer (LLD x LDD)
.

.

-

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 2.f ; Ceiling Cavity Ratio = ,4- ; Floor Cavity Ratio = /, o

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,= 7/ -

3. Ob'ain ettective floor cavity reflectance (p,,) from Table B;p,, = /9

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

d

T

FCor cwCLW L / h*fAy o, e,

PI A Ton t s Lwps/rgarne g pgus jwr, y Cu y LLF,

\
p ~oco

2. 4 X 6 4 - .- / 0"

5n y _~ 1,92.8/

ts 2. 0 0 A eG3 K .?I
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,

'
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ILLUMINATION CALCULATI = N SHEET
For Use with IES Zonal-Cavity Method

(See individual data sheets on luminaires for c'oefficients of utilization)

GENERAL INFORMATION

Company name and address. ...d b... 4.9.D,Q, , ,. . , ,, ,, ,,,,, ,,, , ,,

Area to be lighted. . .... .. U.d @ .. M ..................... . ................ ...

Design level of illumination. . . . . . . E.9 . . . . .(initial)(maintained).

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

DESCRIPTION OF AREA AND LUMINAIRE I

-_.1__*f__1.__Dimensions

. . . M.'f . . Room Length , , , .

.3 H , . Room Width ---------I--"
.

hfs
. 4. . Height of room between luminaire & work plane (htc) 4.

/'$ . . Distance from luminaire plane to ceiling (hec)..

. . . 8/.(. . . . . . . Height of work plane above floor (hfc)

Room Surface Reflectance Luminaire

. f' 9. . Celling Manufacturer ... . . . .. ......... ... .
^

. ..i. .Walis above luminaire plane Catalog No.. . . . . . .. ................

. f. 9. .' . . . Walls between luminaire & No. & Type lamps 1. M. W.9.. . .... ..... .

work plane
Lumens / Lamp . ...h 9.4. ......... ... . .

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

1 F r
. . . E .9 . . . . Floor (LLD x LDD).

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 1. r ; Ceiling Cavity Ratio = , G ; Floor Cavity Ratio = /
2. Obtain effective ceiling cavity reflectances (p. ) from Table B; p., = 7/

3. Obtain effective floor cavity reflectance (p,,) from Table B p,, = /9

4. Find coefficient of utilization from published data (for p,, = 20%) C.U. = 63

O
No op Foo7 cMOL s s x AR.cA

_
~

FIx Toft. C $ LAMP 2/FI A . 1Lva:Hs/ law x CvALLF

w x una s no o .

* '
-
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O
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For Usc with IES Zonal.Cavify Mefhad

(See individual data shocts on luminaires for coefficients of utillzation)
'

GENERAL INFORMATION - .
,

C o mp an y na me a nd add ress . . . . . . . . . . . . . . . . . . . '. . . .[t'. @. . . . (M .4.C.~. . . . . . . . . . . . . . . . . . . . . . . . . .'. . |
|

.r ea t o be lighted . . . . . . . . . . . . .' . . . . . . . .N .D.T .D,g,q T,/,?,y, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , ,-

Design ievel of illumination . . . . . . . . . .'. . . 29. . d f. . . . (lei 44el) (maintained)

Calc ulated by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Chec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
- 1-

*f 1.11O Dimensions 8== f 1

. . . . . .Y. . . . . . . . Room Length I
, , ,

. . . . .?.'f. . . . . . . Room Width |------- -- -.

. . . . . . $. . . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . '. . [. . . . . . . Distance f rem iuminaire plane to ceiling (hec)

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

Room Surface Reflectance M % Luminalte
,

. . . . . D7. . . . . . . Ceiling M a n u f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . , . . . . . . Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . IP. /. , . . Watts between luminaire & No. & Type lamps . . . . Z 7. .F, yg, , , , , , , , , , , , , ,w
work plane Lu m e ns / La mp . . . . . . . . 3. ( ?.d. . . . . . . . . . . . . . . . . .

!
. Walls below work plane Light loss Factor . .. . .: .pg

-'

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

. . . . r.9 . . . . . . . . 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 = , S' ; Floor CavityRatio = . 6'
'

2. Ottain effective ceiling cavity reflectances (y..) from Table B; p,,= .7 2 -

3. Obtain effective floor cavity reflectance (y,.) from Table B;p,, = /9
4. Find coef ficient of utilization from published data (for p,. r: 20%) C.U. ='. d,7

.

u. r - a x-,,

-n u -y ,, . , . , x - . . ,. e x u
\

po y v^@ VMH 2c.
. - . . - - . _ .. . -

,,

n mc. w , . o x
.

.
r

.

-

t
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For Usc wifh IES Zonal.Cavily Method

(See individual data shocts on luminaires for coefficients of utillZation)

GENERAL INFORMATION -

C o mp a ny na m e a n d ad d re sa . . . . . . . . . . . . . . . 8 8 . . . . .O kQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .h
Area to be lighted . . . . . . . . . . . . . . .(f.i.8.5. . .f./ O. . . . f. . .I!2.f 6.MN. . . . .............

Design !evel of illutnination. . . . . . . . . . . .&.T. . . . . . . . . .(4mtrel) (maintained) /ES

C alc ul at ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Ch ec k ed by . . . . . . . . . . . . . . . . . . . . . .Date . . . . . . . . . .
,

IDESCRIPTION OF AREA AND LUMINAIRE
- _ .1._ _J"_ _l '1

fDimensions
f* lotwo g,

. . . . 7 .g . Room Length ,,,. ...

I-"

. IE . . . . . . Room Width we 3..

....M... . Height of room between luminaire & work plane (hrc) 4

. . . . /J. . Distance from luminaire plane to ceiling (hec)..

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

Room Surface Reflectance in % Luminaire
,

. . . . . f'.9 . . . . . . Celling M a n u f a ct u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. Walls above luminaire plane C at al o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.... .. ..

.....$ . Walls between luminalre & No. & Typ e lamps . . . . . . A . . 6.V.(?. . . . . . . . . . . . .
.

work plano Lu m e n s / La mp . . . . . . . . . y j o. .o. . . . . . . . . . . . . . . . ....

. Walls below work plane
,

Light loss Factor . . . . . . s 24~. . . . . . . . . . . . . . . ... ... ...

. . . . . f. . . . . . . . . . Floor (LLD x LDD)
.

SELECTION OF COEFFICIENT OF UTILIZATION
-

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 3.6 : Ceiling Cavity Ratio = *T7 : Floor Cavity Ratio = /, 9f

2. Ottain effective ceiling cavity reflectances (y,,) from Table B; p,= 74 -

3. Obtain ef fective floor cavity reflectance (g,,) from Table B;ge, = 2 s~

4. Find coefficient of utilization from published data (for y, = 20%) C.U. =' f .!~
,

FCO T' Ch M O L. f $ / h $ $hNo o pr

-m -u ,, . , . , x n, i_ ,. , c u , -
\

- 6,voo^ : /O/oo X / t A 2,2- ,,,'
-

L Y 17
. S S .A . 7 5',

,
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'

For Usc with IES Zonal Cavily Method

('See individuct data sheets on luminaires for coefficlonts of utilization)

GENERAL INFORMATION
'

- .
.

,

Co mp a n y na m e a n d add ress . . . . . . . . . .d N. . . .$/rM.h. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A re a t o be lig ht ed . . . . . . . . . . . . ; . . . . ./.Y.h.l.Y. . . . .h.W, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel of illumination. . . . . . . . . . . . . . . . h.9. .f.C . . .(inaeay (maintalned)r

Ca!c ulated by. . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I
-

.L. - ~f. LLDimensionsO m I. 5
. . . . . M. . . . . . . . Room Length ws.

I --. . . . . . '.7 . . . . . . . Roo m Width
"

his 3
. . . . . J. F. . . . . . . Height of room between luminaire & work plane (hrc) 4

. . . . . ./../. . . . . . Distance from luminaire plane to ceiling (hcc)

. . . . . . l. . . . . . . . . Height of work plane above floor (hfc) -

Room Surface Reflectance to % Luminaire
,

......@... Celling M a n u f a ct u rer . . . . . . . . . . . . .' . . . . . . . . . . . . . . . . . . .

...........I..... . . Walls above luminaire plane C a t a l o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . E 9. . . . . Walls between luminaire & No. & Type lamps . . . . . . $.T.if.9. . . . . . . . . . . . .
work plane

. . Walls below work plane
- Lumens / Lamp . . . . . . . . 3/.Q.9. . . . . . . . . . . . . . . .

Light loss Factor . .. . . .,. g; y..........
....................

. . . . i .9 . . . . . . . . . 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 = ,7 : Floor Cavity Ratio = /. V
2. O':tain effective ceiling cavity reflectances (p, ) from Table B; p = 70 -

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = /8

4. Find coefficient of utilization from published data (for p,, = 20%) C.U. ='. 43 1.

a

N o, or FC* T CMD '' L ^ ^ '' '#
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for Usc with IES Zonal C:vily M:thod

(See individual data shcots on luminaires for coefficients of utilization)

GENERAL INFORMATION g-
,

Cap a n y na m e a nd a e d reu . . . . . . . . . . . . . .'. . . . . . . dR . . . N.M.?. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

are a t o be lighted . . . . . . . . . . . hi f.9 /f . .[8/;.d|9. /. 7.( . . . . . [IP.O.07 . . . . . . . . . . . . . . . . . . . . . . . .

Desl n level of illumination. . . . . . . . . . . . . . 89.ff . . . (4MeH (maintained)D

Calc ul at ed by. . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Ch e c k ed by . . . . . . . . . . . . . . . . . . . . . . Dete . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

_ _ .1 _ "f _ _1.ld
"

Dimensions
.5" T tos,....My,...... . Room Lerigth w,,

. . . . /t.'?. . . . . . . . Room Wicth - - - - - - - - - I-"

mes J
. . . . . . 6X. . . . Height of room between luminaire & work plane (hrc) 4

. . . . . . ./.J. . . . . . Distance from iuminaire plane to ceiling (hec)

. . . . . 3. . . . . . . Height of work plane above floor (hfc) -

Room Surface Reflectance M % Luminaire
,

. . . . . . 6'R . . . . . Ceiling M a n u f a ct u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .h. . . Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . E.9 .$ . Walls between luminaire & No. & Type lamps . . . . . .S. .f.M . . . . . . . . . . . . . .
wo plane

Lu m e ns / La mp . . . . . . . .J ( c.9. . . . . . . . . . . . . . . . . .
. . . Walls below work plane '

.........
Lig ht los s Factor . . . . : .4 . . . . . . . . . . . . . . . . . . .

. . . . . . 1.9 . . . . . . F!cor (LLD x LDD)
*

. .

SELECTION OF COEFFICIENT OF UTILIZATION -

|

1. Determine cavity ratics using Table A or by formula

Room Cavity Ratio = / / ; Ceiling Cavity Ratio = 0,3 ; Floor Cavity Ratio = 0,6
'

2. Obtain effective ceiiing cavity reflectances (p.,) from Table B; p,,= 75~ -

3. Obtain effective floor cavity reflectance (,,,) from Table B;p,, = l9

4. Find coefficient of utilization from pub |ished data (for ,. = 20%) C.U. =' 76y
*

.

N o, oy (Co r ohMOL.V L / h$YA
P I A Tssit t $, La m ps/pg , rs,s r ,z gg, s us ju,,,r, X ,CU y LL F

\

;o xa. AA _.2.*?** : /3
. pg3- - -

'

$ z oo A 76 ^ M .

.
.
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. ; . . - ... . . a-,e as a w ee esae
"'

for Usc wifh IES Zonal.cavify Method '

(See individual data shocts on luminaires for coefficients of utillzation) -

( GENERAL INFORMATION '

. - -

U
Company name and address. .. . .......d.9.... 9.f. d ......... ..;'.........................

i

Area to be lighted. . . . . . . . . . . . ; . . . f.f.C. t'.t.8.f .T. . . 9 $. . . . . . .(.7.1.M.Q h. . . . . . . . . . . . . . . . . . . .

Design level of itfumination. . . . . . . . . .'. . . f.9. f C: . . . . . .(4 4elt (maintained) /55

C al c ulated by. . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . 08te . . . . . . . . . . t |

DESCRIPTION OF AREA AND LUMINAIRE I
. 1.___""__1.E

Dimensions -

N

s 4.5 /o. . . . 9. 4. . . . . . . Room Length
, , ,

. . . . . A 6. . . . . . Room Width I-'
..

mes ~?. . . . . .G.,X. . . . . Height of room between luminaire & work plane (hrc)
4

. . . . . . 5. . . . . . . Distance from luminaire plane to ceiling (hec)
'

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

Room Surface Reflectance Ir2 % Luminalre
,

. . . . 7.7. . . . . . . . Celling M a n u f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . Walls above luminaire plane C a t alo g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . fG. . . . . . . . Walls between luminaire & No. & Type lamps . . . . . .@.; .F. .'f R . . . . . . . . . . . . .
* ' E ' * "'f Lumens /La mp . . . . . 3 /4 4. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . Walls below work plane
Light loss Factor . . . . . .7. .f. . . . . . . . . . . . . . . . . .. . . 7.0. . . . . . . . . . Floor (LLD x LDD)

' '

SELECTION OF COEFFICIENT OF UTILIZATION
*

-

1. Determine cavity ratics using Table A or by formula
Room Cavity Ratio = 1 ; Ceiling Cavity Ratio = , if ; Floor Cavity Ratio = .f

'

2. Obtain effective ceiling cavity reflectances (y,.) from Table B; p = C7 -

3. Ootain effective floor cavity reflectance (,.,,) from Table B;pr, = 19
4. Find coefficient of utilization from published data (for p,,. = 20%) C.U. =' 67

* .
I

O ~ ,. . , /, , , , _ , , , -
,

P I A N ft t L L A M PS/W s a rott t X Lwn,a fwr. X ,CU X LL F
\

| **ga x 9 3 C. _ (p
- 3,,f- - - . - .

(o,1.,% A . lo '? A 7i

O .
.

i .

.xg . - -.,x&
7 90029227

~

_ - .

,



. _ _ . - . . - . = we a wa s_ . .

'for Usc with IES Zonal Cavity Mefhod

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

O oe"ca^' '" Foam ^ Tion --
.

Co mp a ny na m e a nd ad d ress . . . . . . . . . . . . . . . . . . . ' 8 9. . . . .h. f . P. 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted . . . . . . . . . . . . . . M.db.f/.2, , , , , (g ,5, f,(,(,Gp,p(, , , , , , , , , , , . . . . . . . . . . . . . . . .-

Desig n level of illumination . . . . . . . . . .'. . . . . . J. 9. M C . . (4aMe4 (maintained)

C alc ul ated by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . . Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .
,

DESCRIPTION OF AREA AND LUMINAIRE I
_. 1.___?"__131

fDimensions

O . . . . 2.h. . . . . . . Room Length
/LS 3p'y

ws.
. . . . . ff.4. . . Room Width -------- I -"

.

we 4
. . . . . 45. . . Height of room between luminaire & work plane (hrc) 4 )

. . . . . . 8 7. . . . . . Distance from iuminaire plane to ceiling (hec)

. . . . . . . .'/. . . . . . Height of work plane above floor (hfc) -

Room Surface Reflectance m % Luminaire
,

. . . . . #.?. . . . . . . Celling Ma nuf actu rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . Walls above luminaire plane C a t a l o g No. . . . . . . . . . . ( .T . . . . . . . . . . . . . . . . .

.....A2. . Walls between luminaire & No. & Type lamps . . . . . /.W. .lK. . . F.f.4 . . . . . . .
w rk planeO Lu m ens /La mp . . . . . . . . .<f.o.T.9 . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . Walls below work plane Lig ht loss Factor . . . . . . <. . f. . . . . . . . . . . . . . . . .
-

.

. . . . 14 9. . . . . . . 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 = ,4f ; Floor Cavity Ratio = .%
2. Obtain effective ceiling cavity reflectances (p..) from Table B; p,.= 93 -

3. Obtain effective floor cavity re!!ectance (p,.) from Table B;p,, = /7

4. Find coefficient of utilization from published data (for y,. = 20%) C.U. ='. 6 2,
8

UOT CANDLF S X NAN o, og

n,mm u- w,,,,m,x - , y ,. yu, m
i

4ay
-_

6 & N '' ., ?'H v x 9 C. :

p e., 3 $-. . . -

41/ <, o o o a , P/ 4 -

a L: ;*

'

.
-

| 90029228 \
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,

i



. . _ . . . _. .. _ _ r3. ...weewwa

for Usc with IES Zonal. Cavity Method

(See individual data shects on luminaires for coeffiuonts of utillzation)

GENERAL INFORMATION $. -
,

C o m p a n y n a m e a nd a d d re sa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Area to be lighted. . . . . . . . . . . . ;.d.d. . . ;[./ ). . . . . . . . . . . . . . . . . . . . . . . . . . . . . -,

Design level of illumination. . . . . . . . . . . . . . .?R . (%. . . beet) (maintained).

C al c ula t ed by . . . . . . . . . . . . . . . . . . . . D al e . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I |

-

k-- ~f..DLDimensions

$6
. . . . . . 3 0. . . . . . . R oom Le ngth

6 f.

ws.~

..... 4... . . Room Width - - - - - - - - - I-"
..

tute t.5
. . . . . . . . G. . . . . . Height of room between luminaire & work plane (hrc)

~ 4

. . . . . . /.'? . . . . . Distance from iuminaire plane to ceiling (hec)

. . . . . . i .f. . . . . . Height of work plane above floor (hfc)

Room Surface Reflectance in % Luminaire
,

. . . . . . .T P. . . . . . . Celling M a n u f a c t u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .(. . . . Walls above luminaire plane C a t a l o g N o. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~.....4.J..* . . . Walls between luminaire & No. & Typ e lamps . . 4 : .f.'f 0. . . . . . . . . . . . . . . . . .

work plane
Lu m e n s / L a m p . . . . . . .J. '. #.0. . . . . . . . . . . . . . . . . . . .

,

.. ......\.,.. . Walls below work plane
- Lig ht loss Factor .. . . . . .*.75. . . . . . . . . . . . . . . . . . . .

. . . . . i . ? . . . . . . . . Floor (LLD x LDD)
'

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by tormula

Room Cavity Ratio = L(,, ; Ceiling Cavity Ratio = .7 : Floor Cavity Ratio = //
'

2. Obtain effective ceiling cavity reflectances (p,.) from Table B; p,.= 70 -

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

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

.

I

N o, ey
_

FC01' ch M OL.f L X UU
r: rmn e s t w ps/r,,r.n g y um,a jpro A ,C0 / LLF

\

7Q SM E~%, ;1,7-

4 9 '? (,*
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gf,1 w x 4 4 / .*/ T
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.

ILLUMINATICN CALCULATION SHIEET
O for Usc with IES Zonal Cavity Method

V (See individual data shocts on luminaires for coefficloats of utilization)

GENERAL INFORMATION '

-

company namo and add ress . . . . . . . . . . . 8% . . . .@- M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A re a to be lighted . . . . . . . . . . . . .' . . . . . . f.9^? )*.U.T.G. . . . 89?ff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design ievel ot illumination . . . . . . . . . . . . . . . .TO. .% . . . (Initial) (maintained)

C alc ula ted by . . . . . . . . . . . . . . . . . . . . D at e . . . . . . . . . .Ch e c ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE 4

. L .?"- A.'!.
- Dimensions f

hes (* lo. . . . . . f.T . . . . . . ."soom Length
wf.

. . . . . 3.l. . . . . . . . Room Width -------.- I -"

m, sr
. . . . . . . 4. . . . . . Height of room between luminaire & work plane (htc) -

4

. . . . . , . (*d. . . . . Distance from iuminaire plane to ceiling (hec)

. . . . . . .l '. 8. . . . . .Hoight of work plane above floor (hfc)

Room Surface Reflectance m 7e Luminaire
,

. . . f?. *. . . . . . . Ceiling Manuf acturer . . . . . .S.7/.T ?. . .".'?hf''.". .'.'. . . . . . .
. Walls above luminaire plans Catalog No. . . . . . .G. R .?.3 . ; FA K . . . . . . . . .9.............

. 5?. .', . . . . . . . Walls between luminaire & No. & Type larnps . . . . . F '. f.* 0. . . . . . . . . . . . . . . .
, work plane

Lu m ens / Lamp . . . . . 31.o.9. . . . . . . . . . . . . . . . . . . . .,

. . , . . . . . . . . . . Walls below work plane '

Light loss Factor .. . . . . g......................
. . . . . ? . . . . . . . . . . Floor (LLD x LDD)

'

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = l . S' ; Ceiling Cavity Ratio = . 'f ; Floor Cavity Ratio = ,6

2. Obtain effective ceiling cavity reflectances (p .) from Table G; p.,= 74

3. Obtain effective floor cavity reflectance (p,,) from Table B;,,,, = 19

4. Find coef ficient of utilization from published data (for p,, = 20%) C.U. =* , //

N o. oor fror cwon.r s X AttA
-

M ex Tatt r s L A M Ps/rs e r.>rn e A Lwans /wr, y Cu A LL F
.

!

i 2 F# 3 0
. 7, 4 fr S e s t
- - = 3 V,7 >

3309-

(, L o a A . 7l ^*15

~~

(J' .,.
'f

. .

26
90029230 i



_ _ _ _ _ _ _ _ _ _ _ _ _ _

.

ILLUIVilN ATION C ALCULATION SHEET
for Usc with IES Zonal Cavity Method

fSee individual data shects on luminaires for coefficients of utill2ation)

GENERAL INFORMATION

Oompany name and address. . . . . . ..d9 ....$.6.h.h.......... . ...... .

Area to be Iighted . . . . . . . . . A. . D. . . . . . . ....M.. N N#
..................................................

Design ievel of illumination . . . . . . . . . . . . . . . 79. . . . . . .(WHe4) (maintained)

C al c ula t ed by . . . . . . . . . . . . . . . . . . . D a te . . . . . . . . . .C h ec k ed by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

-.1___"f__1./l
"

Dimensions
has h

.....?.f..... . Room Length w.p,

- I-"
....4l., . Room Width

his 2. f

..... 4'..... . Height of room between luminaire & work plane (hrc) 4

...../6 . . . . Distance from iuminaire plane to ceiling (hec)/

. .h'.f. , . . . . Height of work plane above floor (hfc).

Room Surface Reflectance to 7e Luminaire
,

. . . . . .~' P. . . , . . C elling Manuf acturer . . . . J . // . . . . . . . . . . . . . . . . . . . . .

. . Walls above luminaire plane Catalog No. . . . . . .GR . : M.6. . T. .H K . . . . . .
|

.... .....

. . . . f.T . * . . . Walls between iuminaire & No. & Type lamps . . . . . . 4. R M. . . . . . . . . . . . . . .
w plane L u m e ns / La mp . . . . . . . 3, /,q g, , , , , , , , , , , , , , , , , ,

. Walls below work plane Lig ht loss Factor . . . . . 7.v . . . . . . . . . . . . . . . . . . .
e... .....r...

.

. . . . .% i ? . . . . . . Floor (LLD x LDD) '

1

SELECTION OF COEFFICIENT OF UTILIZATION -

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = .2,O ; Ceiling Cavity Ratio = ,f ; Floor Cavity Ratio = , 8 1

2. Obtain effective ceiling cavity reflectances (g .) from Table B; p,.= 72.

3. Obtain effective floor cavity reflectance (p,,) from Table B; pr, = 19 |
4. Find coefficient of utilization from published data (for pr. :: 20%) C.U. =' (, 7

e
~ , , , ,,, , _ , s - -

,

P I A TJft t s L. W M / F I nc tJtL t )( Lvwins ju efs h 00 X LL Y

70 A 31 A 3 l f.9ss;
-

_ . . _ , . _ .
- -

,

6 2., o O X ,7f a , 4, ~7 3//I*

\
% <

@% e-

%@
,

| >'

,s
.

'
I

.
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. . . _ _ _

_ . . . . . _ . . . . _ . .. -..-,,..-e= we es

for Use with IES Zonal Cavily Method

(See individual data sheets on luminaires for cocificients of utilization)
> '

GENERAL llJFORMATION -
,

Comp any na m e a nd address . . . . . . . . . dfkWM) . . . h h R). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

.srea to be lighted . . . . . . . . . . . . ; . . M A I N ;. . 5 f. f r/A f .Q', . .v. F. f/.9 4. . . . . . . . . . . . . . . . . . . . . . . . . ,

Design level of illumination. . . . . . . . . . . . .W. . S. . . . . . (initial) (maintalned)

Calc ulat ed by . . . . . . . . . . . . . . . . . . . . D ate . . . . . . . . . .Ch ec ked by . . . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . .

DESCRIPTION OF AREA AND LUMINAIRE I

- _1 _ *f _ _1.!:
1

O Dimensions
4 10,,,

. . . . . 7.1. . . . . . . Room Length
'

wf.

- - - - - - - - - I-"

. . . . . a .4 . . . . Room Width Ms 2,5

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

. . . . . h E. . . . . . Distance from luminaire plane to ceiling (hec)

. . . . 5.ef. . . . . . . . Height of work plane above floor (hfc) -

Room Surface Reflectance to % Luminaire
,

. . . . . 8.Q . . . . . . Ceiling M a n uf act u r er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . Walls above luminaire plane C a t al o g No. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

......M...... . Walls between luminaire & No. & Type lamps . . . . . E.'.& .4.9. . . . . . . . . . . . . . . .
w rk plane

( Lu mens / Lamp . . . . . . 3 !P.9. . . . . . . . . . . . . . . . . . .
. Walls below work plane Licht loss Factor ...r.?y.....................

. . . . .$.1. . . . . . . . Floor (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 = ,3 : Floor Cavity Ratio = .f |
'

2. Obtain effective ceiling cavity reflectances (p.,) from Table B; p..= 7f -

3. Obtain effective floor cavity reflectance (,,,,) from Table B;e,, = /9
4. l'ind coefficient of utilization f rom published data (for y,, = 20%) C.U. =', ,7 3

i

(Co r obrtO L W L .* hMy p_ ey

FIATJftiL L A r.4 93|n a ratL t )( LUM S *43 |L.M r* b ,C0 g LL F
\

; o ;c 7 4 x 3 f. .. MI # fI=
. _ . . - 9y

(, 2. 0 0 4 73. A 75'

.
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ILLUMIN ATION C ALCULATIOk\1 SHEET
for Usc with IES Zonal Cavity Method

(See individual data sheets on luminaires for coefficients of utilization)
'

GENERAL INFORMATION -

,

Comp a ny na mo a n d a d d ress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Are a t o be lig hted . . . . . . . . . . .WA.@.M 9/!.1. $ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design level of illumination . . . . . . . . . . . . . . ./ .Q. . . . . . . .(W (maintained)

Calculated by . . . . . . . . . . . . . . . . . . . . Datc . . . . . . . . . . Checked by. . . . 7. . . . . . . . . . . . . . . . Date . . . . . . . . . .

I
/7 DESCRIPTION OF AREA AND LUMINAIRE

1_'_'.

_ - .1_ --."f _ _13
"

U
Dimenolons

3oh,c .

..@.70... . Room Le ngth w.,,....

2E . . . Room Width .------.-/--"

hfs d*.....

. . . M. . . . . Height of room between luminaire & work plane (htc) 4 ).

. /. . . . . Distance from luminaire plane to ceiling (hec).....

. . . . . 4.'. . . . . Height of work plane above floor (hfe)

doom Surface Reflectance 10 7o Luminalte
,

. . . . . . '. 5. . . . . Celling Ma nuf act u rer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . Walls above luminaire plane C a t al og No. . . . . . . . . .N 0'. . . . . . . . . . . . . . . . . . . .
.... ..

. f.Q . .'. . . . . Walls between luminaire & No. & Type lamps . . . . . . /gR.Yf. . . .T.-! . . . . . .
work plane Lu m ens / La mp . . . . . . .< f.T.T .i . . . . . . . . . . . . . . . .

. . .% . . . Walls below work plane Light loss Factor .. . . . . . . : .p. f. . . . . . . . . . . . . . . . ....
..

. . . . J . 7. . . . . . . . . Floor (LLD x LDD)
.

SELECTION OF COEFFICIENT OF UTILIZATION
-

1. Determine cavity ratios using Tab!c A or by formula

Room Cavity Ratio = 2. ; Ceiling Cavity Ratio = , of ; Floor Cavity Ratio = , 5

2. Ottain effective ceiling cavity reflectances (p,.) from Table B; p., = 4 'l
I

3. Obtain effective floor cavity reflectance (p,,) from Table B;p,, = /9
4. Find coef f.cient of utilization from published data (for ,. = 20%) C.U. =', .Sre

j o i c w ot.t5 / h t? fhng op
_

_

~ : A Ts)tt : S A * e !|f u rstn e A tw e n jt.wr, X Co x t.L F
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,

O

O
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 evolution, attached are several
pertinent documents relating to the time and motion study for
the facility.

O 't - 1 1e**er " "-o23 ai c= 1=e =*111= *1 = < ctor r r orx
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 II is a draft discussion, with comments on laydown space
utilization within the facility. Item III is a partial revision
to Item II.

O

O:

## 90029236'
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August 20, 1976 bec v 'J. Duncan
Distributionll&N-023 .

K. R. Brown
File

'

Mr. James L. Ash
Fenix & Scisson,, Inc.
P. O. Box 15609 -

Tulsa, Oklahoma 74115
.

Dear Jim:

Attached for review and comment i's a Material Handling Time and
Sequencing Analysis for the TRU Waste Handling Facility. The
analysis is based on the most current material flow requirements
and presents a matrix of results based on the various* combinations
of waste shipments which may be received at the site. Section I is

A a summary of the various package cor. figurations to be handled.
V Section II is the basis for the process flow and Section III presents.

the analysis and results.
.

Based on the analysis results, as shown in,the attached, a number
of recommendations regarding facility design may be made. > These
are:

.

1. A minimum of three singic railcar movers will probably bc
required for the faellity. One of the three, or a separate vehicle,,

will have to be sized to handle multiple cars from site entrance to
storage yard and back. Two movers will support movement of
TRU wastes, one will support RH waste operations.

2. A minimum of two railcar unloading stations are required. A
third station inay be required, depending upon decisions on
such things as a separate car lid removal area.,

3. Two overhead crancs should be used in the TRU Waste building
for car unloading.
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4. Two truck stations are required. One may be a combination truck
and railcar station. Further development of the site arrangement
and building configuration will aid in the decision on final configura-

~tion.

5.:' Consideration should be given to a combination lid removal,
container storage and sorting station in the facility yard area.
Railcars and trucks which have been unloaded in the TRU building

I would be utilized to transport empty containers from the building,

h0'p f 0
' rather than requiring their immediate removal (empty) and subsequent

return to be loaded. Containers would be stockpiled in the storage
arca on pads'until such time as a vehicle was availabic to transport
them offsite to their point of origin.

Review of the analysis will show considerable reduction in station (and
therefore equipment) utilization if containers c'ould be returned t'o any
sender. Based on current criteria requiring retuin of containers to
point oh origin these reductions will not be realized. Use of an outaide
station would minimize the utilization of building stations resulting in a
more efficient facility. Use of such a station would also reduce the g ,

interior storage space required for empty containers which are waiting W,

for a vehicle to transport them home.
.

Review of the attached will be appreciated and will aid in decisions
regarding configuration of the site and TRU waste handling system. In

, order to be most effcetive the comments should be received by September
3. U questions arise, please let me know.

4

Very truly yours.

HOLMES &c NARVER, INC.
.

1),L ,

wv O,

Kent R. Brown
.

Attach.
.

cc: L. Scully, Sandia Labs. (w/2 attachs. )
.,
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- CONTACT HANDLING WASTE FACILITY
,'.'

,- I. PACKAGE SPECIFICATIONS
,

Dimensions, Ft. Maximum Weight, Lbs.,.

Item - Symbol Length Width Height Gros s Tare

'

UPo 44,300 17,000Supertiger Container ST 20 8 8

P 46,700 17,000

,000 5,000Cargo Container CC 20 8 8
P 43,700 5,000

Rocky Flats Fiberglassed Box RF 7 4 4 10,000

Overpack Fiberglassed Box OB ~ ~8 5 5 11,000 1,000,

I
UP 6,000 750

P 8,000 750Mark 3 Container M3 5 4 6

C 10,000 750

UP 650 < 10055 Gallon Druni, DOT-17C 55D
P 900 < 100

UP 750 10083 Gallon Overpack Drum,_ DOT-17C 83D
- P 1,000 100

@
g * UP = Unprocessed Waste
o P = Processed Waste
N- C = Mark 3 Container Holding Undrummed Waste
@
N '

b
O

._-__________ _ __ __- _ _ _ .- _ . _ _ _ - _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _



.

.

II. BASIS FOR PROCESS FLOW

-

1. All quantitics are alternative average maxima por 8-hour shif t unicas
otherwise noted. That is, the quantity flows between or through stations
for the different packages are not additivc; they are alternative possibilitics.
The quantities are daily averages based on a stated annual throughput and
do not represent the maxima which could occur due to nonuniform frequency
of shipments during a week or longer period of time. These surges could
be levelized by holding the arriving vehicles for unloading at a later time.

2. Work will be performed during only one 8-hour shif t per day, 5 days per
week.

O
3. Four 55D or 83D drums per pall,et.

4. Truck shipments are by flatbed truck only. A flatbe:d truck carries only
one ST. No other type of package is shipped by truck.

5. A Supertiger can contain up to 33 drums of processed waste (29,700 lbs.
maximum payload) or up to 42 drums of unprocessed waste (27,300 lbs.
maximum payload).

6. A rail flatcar can carry up to three STs. No other type of package is
shipped by rail flatcar. Each ST can contain the same payloads as in
Ite m 5.

_

7. An ATMX railcar can contain three types of packages in combination
or as single-package type shipments. The maximum number of packages
for single-package type shipments are:

24 RF Boxes .

2 Cargo Containers

20 Mark 3 Bins
.

8. RF boxes are never unpacked. However, they may be damaged. Minor
damage requires repair and major damage or external contamination
requires overpack. h

9. Cargo containers hold up to 60 55D of unprocessed waste (39,000 lbs.*

maximum payload) or up to -13 55D of processed waste (38,700 lbs.
maximum payload).

.
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Mark 3 bins hold up to 8 55-gallon drums each. Maximum payloads
;

10.
,are:

Unprocessed waste 5,200 lbs.

Processed waste 7,200 lbs.

Mark 3s containing undrummed waste or contaminated drums and soil11.
are not unpacked. However, they may require minor repair or overpack.

12. On the average,1,300 55D drums per week will be received. These
Os could be received by any combination (or single type shipment) of the

following possible shipment types:

Flatbed truck (1-ST (33-555-P, 42-55D-UP)]a.

b. Flatcar [3-ST (99-55D-P,126-55D-UP)]

ATMX [2-CC (86-55D-P,120-55D-UP)]c.

ATMX [20-M} (160-55D-P or UP)]d.

13. Based on item 12, the average number of drums per day is 260 (32.5
drums /hr. ), and the average maximum number (assuming containers

O. and vehicles are loaded to capacity) of containers and vehicles per day
and per hour for each shipment type is as follows:,

.

Container and Vehicic Flow Rates (Average)

Shipment Type Vehicles Per Containers Per*

Vehicic Containe r Waste Day Hour Day Hour

Flatbed ST UP 6. 2 0. 8 6. 2 0. 8
.

.

Flatbed ST P 7. 9 1. 0 7. 9 1. 0

Flatear ST UP 2.1 0. 3 6.3 0. 8

.

Flatear ST P 2. 6 0. 3 7. 9 1. 0

ATMX CC UP 2. 2 0. 3 4.4 0. 6

ATMX CC P 3. 0 0. 4 6. 0 0. 7

ATMX M3 P/UP 1. 6 0. 2 32 4
.

'
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14. Since vehicles arrive as discreto units, the next higher whole number of g
vehicles is used as the flow basis. Thus, the daily and hourly flow rates
for vehicles, containers, and drums is as follows:,

Basic Flow Rates

(Maximum Average Alternatives)

~

Shipment Type Vehicles Per Containers Per Drums Per

Vehicle Containe r Waste Day Hour Day Hour Day Hour
- O.

Flatbed ST UP 7 0. 9 7 0. 9 294 37
.

Flatbed ST P 8 1 8 1 264 33
,

Flatcar ST UP 3 0. 4 9 1.1 378 47

Flatear ST P 3 0. 4 9 1.1 297 37

ATMX CC' UP 3 0. 4 6 0. 8 360 45

ATMX CC P 3 0.4 6 0. 8 258 32

ATMX M3 P/UP 2 0. 3 40 5 320 40

-

.
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() III. TIME AND SEQUENCING ANALYSIS|

.

'l. SPOT AND REMOVE VEHICLES

1.1 Requirements

The maximum number of railcars appears to be 4 per day
(3 for drums, I for RF boxes once per week; contaminated
M3s are assumed to be included with drums oi RFs). The
railcar must be spotted, the containers removed from the

O car, and the car removed from its unloading station to wait(b for the containers to be unloaded. (Containers must be
returned to the sender on the same car as received. )* When
the containers are available, the car is respotted, the
contair.crs loaded on the car, and the car moved to the yard
to await pickup by a Santa F'c engine. Thus, there could be
7 spotting cycles per day. (Cars carrying RF boxes or
contaminated M3s will not need to be respotted since RFs
or these M3s are not returned to the sender. )

If all drums are received in STs on flatbed trucks, a maximum

of 8 trucks could be received in a day. Arriving trucks would
go to the truck parking area to wait for an available truck

O) unloading station. When a station is available, the truck moves
D to the station, the ST is removed, and the truck returns to the

parking area to wait for the ST to be unloaded. (The same
truck /fG wmbination as received must be returned to the
sendei.)* When the ST is available, the truck is respotted,
the ST loaded on the flatbed, and the truck returns to the

sender. (Truck /ST combinations should be given priority
treatment since the' truck and driver are unproductive during
unloading of the ST and while waiting for a truck unloading
s ta tion. ) To handle the maximum daily truck arrivals will
require 16 truck spotting cycles.

'

1.2 Time Estimates

C Move car from holding yard to unloading station and spot.a.
Minimum distance approximately 2,100', maximum
distance approximately 5,500', average distance,

approximately 3,800'.

* Requirement modified August 4, 1976 . Analysis retained for continuity
and future reference. Assumpt'on is now that all containers, etc. ,
return to point of origin but may be shipped on a different vehicle.

.

o
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Average travel time at 3 mph (260 ft/ min) 14. 5 min

Hookup and start moving 4 min

Slow, enter building, stop, unhook 5. 5 min .

.

Time Required 24 min

(These times assume that rail switches and building doors
are controlled such that the railcar never waits for these
actions. )

b. Remove ATMX car lids (3 per car) h
Sandia estimate 25 min

c. Unload cargo containers from ATMX

Sandia estimate, 25 min each

(Includes removal of braces and shoring) 50 min -

d. Unload M3s from ATMX

(Assume M3s unloaded in groups of four). There will be
5 lif ts made. Braces and shoring will need to be g
removed only once. Assume 20 minutes per lift W
cycle.

Time Required 100 min
,

e. Replace ATMX lids *

Lid restraints and braces are not replaced on
' empty cars waiting for reloading with CCs or
M3s. Restraints are replaced on cars ready

for return to sender (those that carried RFs or
contaminated M3s). Assume replacement of lids
and lid restraints requires same time as removal
(i. c. , 2 5 min. ). Assume 10 min, required for
ild restraints. Assume 15 min for braces.

Time Required:

Empty cars to be returned 40 min

Reloaded cars to be returned 25 min

Empty cars to hold area 15 min.

*

-6-
O

:
. 9002924 ,5 ,-

... .. .

|
_ _ - _ _ _ _ _ - _ _ - _ - _ - - _ - _ _ - _ - _ _ _ _ _ _ - - _ - - _ _ _ _ .



-- .-- . _ . _ _ - . - _ _ _ _ - . - . . _ . .- -. . . - .- .

h

O
f. Unload STs (3) from flatear

Remove ST tiedowns (4 per ST) 10 min

Engage cranc sling (4 points) 5 min

Lift and move to laydown area

(80 ft ave. at 40 fpm) 2 min

disengage crane sling 5 min

Return crane for next ST 2 min

Repeat lift cycle for 2nd ST 14 min

Engage crane to 3rd ST 5 min

Lift 3rd ST free of flatcar 1 min

Time from spot car to car ready to
,

move out 44 min

g. Unload RF boxes from ATMX (24 boxes
) per ATMX, lifted 4 at a time. Includes

removal of braces and shoring).
,

Remove shoring (first 4; others removed
/J while preceding b6xes removed. ) 20 min

S
*

Q Lift 4 boxes, move to laydown, and return.a , 3

( t q to ATMX 16 minj e.

4
|~sN Repeat lift cycle 5 times 80 min

0\ 116 min

O h. Move car from unloading station to
holding yard 24 min

Qs t 's
1. Remove ATMX lid from reload 15 min

j .' Reload cargo containers on ATMX and
replace braces (same as unload) 50 min

.

O
~

. .
^

-,-
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k. Reload M3s on ATMX g
Load in groups of 4. Assume 20 minutes

,

per lif t cycle 100 min

1. Reload STs on flatear

Engage crane to ST, move to flatcar,
disengage crane, and move to next ST
(perform twice) 28 min

Engage 3rd ST, load and disengage 12 min

O
Replace tie downs, 10 min

Time to reload 40 min
.

m. Move truck from parking area to
unloading station and spot.

Travel distance, approximately
400' including turnaround and back
in to station.

Travel time at 1 mph average (87 ft/ min 4. 5 min
.

Turning and spotting 1. 5 min |,

|

6. 0 min i

n. Unload ST from flatbed ,g,
|

Remove ST tiedowns (4 per ST) 10 min I

1Engage crane sling (4 points) 5 min |
|

Lift ST f ree of flatbed J min |

h116 min
|

o. Move truck out of unloading station 4 min-

p. Respot truck for loading 6 min

q. Load ST on flatbed

Engage crane sling (4 points) 5 min

'

8-

O
*

.
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Move ST and place on flatbed 2 min

Disengage crane sling 5 min

Replace tie downs ,LO. min
,

22 min
.

1. 3 A summary for Vehicle Unloading / Reloading Cycle times
is presented in Table 1. 3.

1.4 Shipment Scenarios
a.q) a.

The usage of the railcar unloading stations can be determined
from Table 1. 3 for various shipment scenarios. For example,
(assuming use of only one railcar prime mover):

a. If all drums are received in CCs in ATMX cars, 3 cars

per day are required. In addition, the weekly ATMX
containing RFs could arrive on the same day. The
unloading station time required would bei

3 ATMX (CC) = 276 X 3 = 828

1 ATMX (RF) = 229 X 1 = 229

1,057 min

Since, with two 10-minute rest periods, there are

460 minutes in an 8-hour day, this requires 2. 3 station
days. Thus, .two stations would fall 2.4 hours short of -

handling this vehicle load. However, since the RF

, shipment arrives only once per week, the daily average
,

station time required, if all drums received in cargo '

containers in ATMX cars is 874 minutes. This could I

be handled in 1. 9 station days, or 2 stations each
utilized 95 percent of the time.

b. If all. drums arc received in returnable M3s, 2 ATMX
bara per day are required. In addition .the weekly RF
shipment would arrive on one of the days. The unloading
station time required would be:

2 ATMX (M3) = 376 X 2 = 752

1 ATMX (RFT = 229 X 1 = 229

981-

-'-O'
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TIME SUMMARY FOR VEII1CLE UNLOADING / RELOADING

Vehicle /Containe r ATMX ATMX
Combination ATMX With With ATMX Flatcar Truck

Unload - With M3 M3 .With With With

Reload Cycle CC (returnable) (contaminated) RF ST ST

Unload Vehicle (min. )
Spot vehicle (from hold yard) 24 24 24 24 24 6

a wpA t , i s~
Remove vehicle restraints and

lids 25 25 25 25 -- --

Unload container (s) 50 100 100 116 44 16

Replace vehicle lids 15 15 40 40 -- --

- Move vehicle to hold yard 24 24 24 24 24 4

Unload Cycle Time (min. ) 138 188 213 229 92 26

Unload Cycle Time (hrs. ) 2. 3 3. 2 3. 6 3. 8 1. 5 O.5

h.
Reload Vehicle (min. ) .

Spot' empty vehicle 24 24 ( Not (Not 24 6

Remove vehicle lid 15 15 Reloaded) Re- -- --

Reload container (s) 50 100 loaded) 40 22

Replace vehicle lid and restraints 25 25 -- --

Move vehicle to hold yard 24 24 24 4

< Reload Cycle Time (min. ) 138 188 88 32
O
O Reload Cycle Time (hrs. ) 2. 3 3. I 1. 5 O. 5

N
Unload / Reload Cycle (min. ) 276 376 213 229 180 58

h Unload / Reload Cycle (hrs. ) 4.6 6. 3 3. 6 3. 8 3. 0 1. 0

W

J b -
.

.
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Thus, the maximum day would requiro 2.1 station days,
and two stations would fall 48 minutes short of handling the
vehicle load. The daily average station time required,

would be 798 minutes or 1.75 station days.

Thus 2 stations, each utilized 88 percent of the. time,-
could handic this situation on the weekly average,

c. If all drums are received in STs on flatears, 3 flatears

per day is the maximum required. The weekly shipment
of RFs would also arrive. The unloading station time

O required would be:

1. k SS'""" (o h= 540 W3 Flatears (ST) = 180 X 3
pree w''-

, 1 ATMX (RF) =,229 X 1 229=

Thus, the maximum day would require 1. 7 station days,
and the weekly average would require 586 minutes or 1.3
station days. Two stations each utilized 65 percent of
the time could handle this average day.

d. If all drums are received in STs on flatbed trucks,
8 trucks per day will be required for processed waste.

O.* The weekly shipment of RFs would also arrive but would
be unloaded at a rail station rather than a truck station.
The maximum truck unloading station time required would
be

8 Flatbed trucks (ST) = 8 X 58 464 min=

Thus, one truck station utilized 100 percent of the time
would handle the maximum unloading requirement, if
this very tight schedule could be maintained. However,
materials and supplies must also be received at the truck
s tation. Therefore, a single truck station is inadequate.,

Placing two truck stations side-by-side appears to provide

O.
adequate unloading capacity, since only 4 hours of actual
use of the cranc is required. (Only one crane can service
these two truck stations. ) However, greater ficxibility
could be obtained by using a railcar station and the second.

cranc for the second truck unloading station. Thus, only
one truck-only station would be recuired.i

- -

-

_ ,
.

_
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e. If drums are received by any mix of ATMX (CC),
ATMX (M3), Flatcar (ST) and Truck (ST), the railcar
unloading station weekly time utilization (2 stations)
will fall between the maximum of 95 percent for both
stations if all ATMX (CC) and 50 percent for one station .

-

if all Truck (ST) (assuming one truck station is a railcar
s tation). Shipments of contaminated M3s reduce the
utilization of the railcar stations since the ATMX is not
reloaded in this case.

1. 5 ' Observations

1.5.1 The high utilization (95% and 80%) of the railcar stations h
seems too high for sustained operation. However, if
shipments are equally distributed between ATMX (CC),
ATMX (M3) and Flatcar (ST), the average utilization
would be about 83%. If truck shipments alao are
considered, the utilization is reduced to 75%.

1.5.2 The utilization factor for the railcar stations could be
reduced by providing rail access to'the truck unloading
s tation. This would provide the capability to handle the
worst day case (ATMX (CC) + ATMX (RF)) with an
average utilization of 75 percent for each of the three
s tations. The average utilization of each station
during the worst week would be 63%.

With three unloading stations the utilization factor for
worst day shipments of ATMX (M3) would be 71 percent,
and the average for the worst week would be 57 percent..

1. 5. 3 Utilization of the bridge cranes in the unload / load area
is as follows:-

% of % of .

cycle time

ATMX (CC) shipment 58

.

ATMX (RF) shipment 64

ATMX (M3) shipment 70

Truck (ST) shipment 66

ATMX (CC) + kTMX (RF) worst day 68
'

.

O

12-
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% of % ofO cycle time

ATMX (CC) + ATMX (RF) average day 55-

ATMX (M3)'+ ATMX (RF) worst day 73--

|
ATMX (M3) + ATMX (RF) average day 60--

By comparison of the utilization factors for the stations -
and the cranes, it is evident that for three stations and

two cranes, the capacity of the cranes rather than the
O number of stations becomes the limiting constraint on

the receiving capacity of the facility.

The above crane utilization factors assume that the
cranes are not usert for any other functions such as-

removal of container cover restraints or bracing, or
removal and replacement of bin covers if the bin air-
lock concept is used.

1. 5. 4 The cycle time for a station could be reduced by having .
two prime movers for railcars. This would permit an
incoming car to standby just beyond the switch closest
to the sta tion. Thus, the ticup of the station for car
movements would be reduced to about 22 minutes per
unload / reload cycle rather than 96 minutes. Under
these conditions, the worst day station tirne required
would be 800 minutes. With two stations, each would
be utilized 87 percent of the time. Comparing the use
of two prime movers to use of three statione indicates

that three stations gives better utilization factors than
two prime movers. With two prime movers, the station
utilization rather than crane utilization is the controlling
fa c to r.

1. 5. 5 The utilization time required for the prime movers
would be as follows:

Min

Hookup and start moving 4
.

Travel from bold yard to wait station 15

Wait at wait station 15 ,

|

1
-

l
-13
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Enter building and unhook 6

Return to hold yard 15,-

55

This sequence (or the equivalent) would occur four
times for each unload / reload cycle. Thus the time
utilized for the worst case day would be 770 minutes.
This would utilize two prime movers, each 84 percent
of the time. Three prime movers total probably would
be needed to provide for high level waste and material
and supply shipments. h

'

if the wait time were eliminated, the prime mover time
utilized would be 560 minutes, or 61 percent utilization
of two prime movers.

1. 5. 6 Since a minimum of two prime movers is required to
handle the worst day traffic, the utilization of two
stations can be reduced to 87 percent by having a prime
mover with incoming car wait near the unload / reload
s tation. If three stations and the wait concept are used,
the utilization of each station would be 58 percent, and
the utilization of the cranes would become the controlling

"

fa c to r. This would provide flexibility and some relief
in the event of malfunction of station doors.

1. 5. 7 The utilization of the stations could be reduced if any of
the functions performed at the station could be removed 4

to another station outside the building. The candidate |
functions and their time requirements are:

Remove Replac e

Vehicle restraint 10 10-

Vehicle lids 15 15

O
Vehicle bracing 15 15

.

Lid removal at a remote station would also reduce the
crane utilization.

.

-

-14

O
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If it is assumed that:

Vehicle restraints, lids and bracing aree
removed outside the building 1

.

Cars wait close to the building for ane
available station

then the cylce times would be:

(Minutes) (Minutes) (Minutes)
Unload ATMX (CC) ATMX (M3) ATMX (RF)

Spot vehicle 6 6 6
.

Unioad container 50 100 116>

.

Move out vehicle 5 5 5

61 111 127

Reload 61 til 0

Total cycle 122 222 127

Utilization factors would be:
.

Station % Each Cranes

2 Stations 3 Stations % Each
.

ATMX (CC) + ATMX (RF),
worst day 54 36 45,

ATMX (CC) + ATMX (RF),
average day 42 28 35

ATMX (M3) + ATMX (RF), c

worst day 62 41 56
.

.

ATMX (M3) + ATMX (RF),
average day 51 34 46

,

|
-

.
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If the vehicic bracing remained in the car until it
reached the unload station,. approximately 30 minutes h
would be added to the cycle and the ATMX (CC) +
ATMX (RF) worst day station utilization with 2 stations
would bc 76 percent, and 51 percent for 3 stations.

1. 5. 8 Another possibility for reduction of the station utilization
factor could be achieved if different containers (of the
same type) than those received 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 rifect
on crane utilization appears to be insignificant shee the
only crane time eliminated would be about 8 minutes of
crane travel idr unloading CCs per cycle. The major
effect would be reduction of delay time for the railcar
or truck. As notecf under Item 1. I a modification of
criteria allows the return of containers by different j
vehicles but still requires that they be shipped to the |

point of origin.

1. 5. 9 On the worst railcar day there a re 3. 5 unload / reload
cycles. For each cycle the prime mover enters and
leaves the building four times as follows:

Enter, spot loaded vehicle, leave he

e Enter, attach empty, leave

o Enter, spot empty, leave
/
3, o Enter, attach vehicle, leave

T . efore, the door is opened 14 times during the day.
If 5 minutes is assumed to open the door, 5 minutes toIq

2,8 close the door, and 10 minutes for the prime mover to

f*g# move in and out, 280 minutes per day will find the door'

unsealed. This represents 61 percent of the active work
day. Entry of trucks delivering materials or supplies h
will increase the percentage of time that doors are
unsealed.

.

For the worst truck day there are 8 truck unloads,
8 truck reloads, and one ATMX (RF) unload / reload
cycle. Therefore a door is opened 32 times for trucks
and 2 times for the ATMX (RF). Thus, if a door open/
close cycle requires 13 ininutes for a truck and 20
minutes for the ATMX (RF), the total time a door is

Wunsealed during the day is 156 minutes or essentially

90029253 ,100 percent of the work day.
'
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The large portion of the time that a door to the loading,

area must be unsealed appears to cast de ,the

acceptability of a facility concept witho. ar lock
between the loading arca and the contal c

area.
.

It also is observed that with these large ut.

factors for the doors, the doors could becon. the

limiting factor on the receiving capacity of the facility,
if they are interlocked to allow only one unsealed door
at any time.

,

Utilization of air locks for trucks and rallcars therefore
appears to be the most reasonable means of providing
building access while assuring maintenance of control
of facility environment.

.

1.5.10 A possible concept for an air lock between the loading
area and the container unloading area is a bin, top
opening into the vehicle unloading / loading area and

,

end opening into the container unloading area'. This
would permit a container to be loaded into the bin through '

the open top by the vehicle unloading crane. After the
bin lid is in place, the end of the bin is opened and the
container unloaded through its end door.

The utilization of the cranes will be increased by the

time required to remove and repla e bin lids. Two
bin lid lifts are required for each#g'M3s,and each.W/7 '

8

RFs. If it is assumed that five minutes is required to

move a bin lid from the top of a bin to a storage platfqrm
at the same elevation as the top of the bin, the crane
time required for bin lid lifting associated with unloading
each type of shipment is:.

ATMX (CC) 10 minutes

ATMX (M3) 25 minutes

ATMX (RF) 24 minutes.

Flatcar (ST) 10 minutes

Thus the added erane time and crane utilization for
the maximum days would be as follo'ws. (No station

utilization time is added if it is assumed that lids are
moved while the vehicles arc being moved into or out
of the station. ) .

.^

O . . 1,.
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Time (min) Utilization %

3 ATMX (CC) + ATMX (RF) 54 6

2 ATMX (M3) + ATMX (RF) 74 B

During the August 4 - 5, 1976 review meeting this
concept was judged to be less desirable than the
addition of truck /railcar air locks. This data is 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 utilization of air locks for truck /
railcar access to the buildingTwo Mocks would be

N j7 ded ic, rctain-the-abiriEyTo havewee(s' to any station
pp l Additionk p without disrupting operations in other stations.of air. locks will impact station utilization because of theb 0 jp4l t

additional door travel required. The additional time
g ()fgv - ' for a railcar will be 5 minutes to open and 5 minutes

/ to close the door and for trucks a total of 6 minutes-
' additional time. Tables 1. 6 and 1. 7 show the impact

pi of air locks arid changes in shipping criteria on cycle

+*h h times.a

y
M The impact of this additional time on the various cycles g

analyzed to this point is summarized in Table 1,8, W
Sections 6 and 7, for the assumed operation without
close wait and'without a lid station.

Table 1. 8, Section 8, shows the impact of the addition
of air locks to operation with close wait and an external ;

lid station for removal of lids and bracing. |
|

1.6 Summary and Conclusions ,

1.6.1 Table 1.7 summarizes the utilization factors for
railcar stations and cranes under various conditions.
It also contains incremental utilization factors for
cranes to be added to the crane factors if air lock
bins are used and the bin lids are handled by the
crancs.

1.6.2 Station and crane utilization factors should be kept

low to provide for future increased rates of mate rial
inflow, to provide flexibility, and to partially i

accommodate malfunctions of equipment.

.
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TIME SUMMARY FOR VEHICLE UNLOADING / RELOADING -

UTILIZING AIR LOCKS FOR BUILDING ACCESS

Vehicle /Containe r ATMX ATMX
Combination ATMX With With ATMX Flatca r Truck

Unload - W ith M3 M3 W ith With With

Reload Cycle CC (returnable (contaminated) RF ST ST

Unload Vehicle (min. )

Spot vehicle (from hold, yard) 24 24 24. 24 24 6
,

-~ (:-

Air lock operation 10 10 10 10 10 3*

Remove vehicle restraints and
25' (

-- --

lids 25 25 25

Unload container (s) 50 100 100 116 l b 44 16

h Replace vehicle lids 15 15 40 40, -- -- g

M{.i

Air lock operation 10 10 10 10 10

Move vehicle to hold yard 24 24 24 24 24 4

Unload Cycle Time (min. ) 158 208 233 249 112 32

Unload Cycle Time (hrs. ) 2. 6 3. 5 3. 9 4. 2 1. 8 0. 5

O
O .

N
<
N
w
CO

.

9
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TIME SUMMARY FOR VEHICLE UNLOADING / RELOADING

UTILIZING AIR LOCKS FOR BUILDING ACCESS
!
t

__ Vehicle /Containe r ATMX ATMX
!

,''
Combination ATMX With With ATMX Flattar Truck

Unload - With M3 M3 With With With

Reload Cycle CC (returnable) (contaminated) RF ST ST

Reload Vehicle (min. )
- ~

Spot empty vehicle 24 24 (Not (Not 24 6 '

Reloaded) Re- -7
'

Air lock operation 10 10 loaded) 10 3 '

Remove vehicle lid 15 15 .- --

Reload container (s) 50 100 40 22

r) Replace vehicle lid and restraints 25 25 --

-- /: ,b

{3Air lock operation 10 10 10 j

Move vehicle to hold yard 24 24 24 4

Reload Cycle Time (min. ) 158 208 108 38

Reload Cycle Time (hrs. ) 2. 6 3. 5 1. 8 0. 6

Unload / Reload Cycle (min. ) - 316 416 233 249 220 70

Unload / Reload Cycle (hrs. 5. 2 7. 0 3. 9 4.2 3. 6 1.1

.

.

m
O
O
N

u e.

3S O e e e
e
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S TIME SUMMARY FOR EHICLE UNLOADING /REL DINGq

UTILIZING AIR LOCKS FOR BUILDING ACCESS
i

ASSUMING EMPTY CONTAINERS AVAILABLE FOR RETURN TO SENDER'

C+
'

Vehicle / Container ATMX 'A T M X

'i Combination ATMX With With ATMX Flatcar Truck
i . ., Unload - With M3 M3 With Wi th With

c_ - Reload Cycle CC (returnable) (contaminated) RF ST ST
;-

rRe(*1A
UnloagVehicle (min. )

Spot vehicle (from hold yard) 24 24 24 24 24 6

Air lock operation 10 10 10 10 10 3

Remove vehicle restraints and
~

lids 25 25 25 25 -- --

I Unload container (s) 50 100 100 116 44 16

40 22Reload container (s) 50 100 -- --

Replace vehicle lids 15 15 40 40 -- . - -

Air lock operation 10 10 10 10 10 3

Movd vehicle to hold yard 24 24 24 24 24 4

Cycle Time (min. ) 208 308 233 249 152 54

Cycle T'me (hrs. ) 3. 5 5.1 3. 9 4. 2 2.5 0.9i

O ,

C
O
N
e
o
C
C
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TABLE 1.8

UTILIZATION FACTOR (c/o EACH UNIT)-

, (Railcar Stations and Cranes)

Handling Conditions Maximum Day Average Day

Shipment Scenario''

2 Stations 3 Stations 7. Cranes 2 Stations 3 Stations 2 Cranes

1. Without close wait, without lid station

3 ATMX (CC) + ATMX (RF) 115 75 68 95 63 55

2 ATMX (M3) + ATMX (RF) 105 71 73 88 57 60

3 Flatcar (ST) + ATMX (RF) 85 65
.

1/3 each ATMX (CC), ATMX (M3),

Flatcar (ST) + ATMX (RF) 83'

| <
'

1/4 each ATMX (CC), ATMX (M3),
7 Flatcar (ST), Truck (ST) + ATMX (RF) 75

.

kO
2( Withoutilose wait, without lid station .

3 ATMX (CC) + ATMX (RF) 87 58 68 55

2 ATMX (M3) + ATMX (RF) 73 60

3 Flatcar (ST) + ATMX (RF)
. .

g 3. With close wait, with lid station (lid only)

O
O 3 ATMX (CC) + ATMX (RF) 76 51 45 35
N

2 ATMX (M3) + ATMX (RF) 56 46

Ch
3 Flatcar (ST) + ATMX (RF)-

*
.

O O O O O
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'ABLE 1. 8 - Cont.

UTILIZATION FACTOR (% EACH UNIT)s

(Railcar Stations and Cranes)
.

a mum Day ANrage Day
Handling Conditions

| Shipment Scenario
2 Stations 3 Stations 2 Cranes 2 Stations 3 Stations 2 Cranes

4. With close wait, with lid station (lid + bracing)
.

3 ATMX (CC) + ATMX (RF) 54 36 45 42 28 35

2 ATMX (M3) + ATMX (RF) 62 41 56 51 34 46

3 Flatcar (ST) + ATMX (RF)
.

5. Air lock lids (add for lids)

3 ATMX (CC) + ATMX (RF) 6

Z ATMX (M3) + ATMX (RF) 8

6. Building air locks -

(Without close wait, without lid station)

@
O 3 ATMX (CC) + ATMX (RF) 130 87 105 70
O

2 ATMX (M3) + ATMX (RF) 120 80 90 60

N
& 3 Flatcar (ST) + ATMX (RF) 100 67 70 47
N ,

,

t

*

|
.

1
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 1. 8 - Cont.

UTILIZATION FACTOR (7. EACH UNIT)

(Railcar Stations and Cranes)

Maximum Day Average Day
Handling Conditions
Shipment Scenario Z Stations 3 Stations Z Cranes Z Stations 3 Stations Z Cranes

7. Return of containers to sender on different
~ vehicle plus addition for air locks

- (Without close wait, without lid station)

; 3 ATMX (CC) + ATMX (RF) 95 63 70 47

Z ATMX (M3) + ATMX (RF) 95 63 65 43

'

, i3 Flatcar (ST) + ATMX (RF) 75 50 50 33

8. Building air locks with close wait, with lid
station (lid and bracing)

3 ATMX (CC) + ATMX (RF) 80 53 55 37

l-
2 ATMX (M3) + ATMX (RF) 80 53 55 37

' ,

1
-

3 Flatcar (ST) + ATMX (RF) 125 83 100 67

9
,
.

O
O
N
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N
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1.6.3 Maximum day shipments of CCs and M3s cannot be
accommodated by two stations unicas the "close wait"
concept is used. That is, a car is standing by as
close as possible to the station to move in as soon as
the station is available.

1. 6. 4 Even with the close wait concept, the utilization of |

two stations is 87 percent which is higher than
comfo rtable. This can be reduced by either of two
approaches; installing a third station, or installing

(~T a vehicle lid removal / replacement station external
V to the building.

1. 6. 5 A third station.could be installed by extending the
building at the truck station and providing a dead end
spur track to accommodate a railcar. The door would
also probably need to be enlarged. If this were done,
the station utilization would decrease to 58 pe rcent but
the crane utilization could be as high as 81 percent for
an M3 day if the crane is also used to lif t air lock lids.
Thus, the cranes would be controlling and there would
be little, if any, flexibility or unused capacity in the
s y s tem. The crane utilization could be reduced to 73
percent maximum by installing a separate crane or

b'N other mechanical device for air lock lid lif ting.
.

1. 6. 6 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 car bracing also is
removed at this remote station, the car unloading

station utilization is reduced to 62 percent for two
s tation s. Thus a good balance is achieved between
station utilization and crane utilization. There would.

be no gain in potential throughput increase by installing
a third station since the crane utilization is controlling .

and for three stations and two cranes the crane utilization
increases faster than station utilization when the through-

d(N put is increased.

1. 6. 7 The preferred approach appears to be to use the "close
wait" concept and a remote ATMX lid station, without-

providing railcar access to the truck station. This
would provide the ability to accommodate equipment
malfunctions without rapid buildup of backlog and to
achieve maximum growth in throughput. It also presents
the alternative of providing for the remote station but
postponing its installation until the throughput proves

- to execed the capacity.
g ~ .

()
- 25
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1. 6. 8 To achieve the utilization factors indicated will require g
very precisc scheduling and traffic control both inside W
the building and on the site rail system. Automatic
displa y, complete communication, and pe--iM , -e9 al
contaol of yard traffic will be required. .

.

1. 6. 9 Although the truch station maximum utilization factor
is only 50 percent for two stations, the crane utilization
would bc 66 percent (without bin lids which would be
lifted by the other crane) since only one crane services
both stations. Providing truck access to the railcar
stations would be a minor expense and is recommended
since it would provide access to the other crane. h

1.6.10 If the "close wait" concept is used and there are only
two prime movers, each would be utilized 94 percent
of the working day. If there are two prime movers but
the "close wait" concept is not used, each prime mover
is utilized 61 percent of the time. Thus, 2 prime
movers might suffice initially, but a third would need
to be added as the number of movements increased or
when a remote lid station was installed.

O

.

.

.

'

e
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ITEM IIi.i ,,,

s Di.|C
.

A

2, LAY DOWN 4"ACF. UTILI7 ATION
2.1 Da nis and 1:. qui rements .

Three types of containers (ST, CC, M3) holding 55 gallon drums (55D)
are received at the unloading stations. In addition, RI' boxes are

received. All containers and boxes are unloaded f rom the vehicles ,

h and transported to a laydown area by bridge cranes. An alternative
w ,,.
Q.5 ' possibility would be to unload drums f rom an ST while the ST is on a

("N ; flatbed truck. This method of unloading might also be applied to the
.I last ST on a flatcar. The laydown area is an open floor space be' tween

*Q> 1 :the vehicle uninading area and the container unloading area. (Thegga
4 J

S container air sampling location and procedure should oc defined. If

5 g&j
,

t'

tj sampling can be performed before unloading the ST from the vehicle,

jt this may not be a consideration in the time cycle since sampling could- s

Io
g ,y probably be performed while the tiedowns are being removed.)

b5 I'o! sh
4& The 55Ds are assumed to be unloaded three at a time from the containers

(Q 'g= 4 }g - (STs and CCs) through end-opening doors while the containers are in the3

laydown hrea. (A special design drum grabber will need to be developed
to lift three drums from the side since there is inadequate headroom in

an.ST to lif t from above}) The 55Ds are then moved to a 24-drum pallet.-

However, a small portion of the containers may be found to be contam-
inated on the inside. Internally contaminated containers are moved to the

overpack area for unpacking. (If internal sampling le performed while
containers are on the vehicle, contaminated containers would be moved

directly from the vehicle to the overpack area.) This frees the space forp) e

other use.] When containers are unloaded in the laydown space, the space
sv

is tied up until the proper type vehicle is available in a loading station to

receive the containe r.

Twenty M3s are received in an ATMX ca r. They are lifted, four at a

time, using a special spreader, and moved to a laydown space. Eight

%. 0 fA^ = v / e' *' f ej% 1''***
l e,I

y ;% wm ee r

L- e W a r b
#*#

c' ** 1 /-r i
/f ,A g ;

,

. ft - '
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M3s can be placed in a,11' x 27' laydown space with space remaining

for stacking of the M3 lids as they are removed. Since the M3s are

top loading, empty laydown space must be left between groups of M3s

to allow unloading. The air in each M3 is sampled for contamination

prior to removing the lid f rom it. (The samp1'"g method should be

defined).

ZY
55Ds are removed from the M3 using apr forklift equipped with a
special design drum grabber based on the Lift-O-Matic concept. 'The h
drum lifting device will need to extend below the truck forks far enough

to reach the bottom layer of drums in the M3. This can be done by a
'

fixed extension of at least 3 feet or by a movable extension which can

travel vertically to reach the drums. The fixed extension would be less i

costly but it would increase the lift height required for the forklift by
about 3 feet to a clear lift height of at least 12 feet under the forks.

The present design of the M3 prevents unloading drums 4 at a time.

However, the design may be modified to oermit unloading 4 at a time.

If thia design modification is not made it will be necessary to unload

drums one or possibly two at a time. This would require modification i

of the lifting device to permit rotation so that a drum in any quadrant

could be gripped at the point on a radius of the four drum cluster.

|

After the M3s are emptied, and the lids replaced on them, they are lif ted,

four at a time, into an ATMX car for shipment back to the sender.

O
Twenty-four RFs are received in an ATMX. They are handled four at a time

(stacked two high) using the slings which are left in place by the sender.

A spreader will need to be designed to maintain a 6-inch spacing between

the RF stacks to permit removal of the slings after the RFs are placed

in the laydown area. It is visualized that slings would be removed by

1

1

O
90029267 |I

,
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4.

unhooking the outboard side of the sling f rom the crane hook and then

pulling the slings from around the RFs by raising the crane hook to
The slings

pull the slings through the space between the RF stacks. ,

would be returned to the ATMX by the crane as it approached for the

About 38 ft. clear from floor to crane hook wouldnext load of RFs.
be required for the slings to clear the top of the RF stack.

The air inside the RF is not sampled for contamination nor is anyO
material removed f rom the RF. The RFs are removed from theV

laydown space, one at a time, using a 7. 5 T forklift. They are trans-
Before being

ported to a 8. 5' x 12. 5' pallet which holds two RFs.

placed on the pallet they are inspected for damage and external con-

tamination(? ). If damaged or contaminated, they are moved to the

minor repair or overpack areas as appropriate.

In summary, the quantity of items moving into and out of a laydown

space for the various types of containers and waste received, arc

LAYDOWN SPACE MATERIAL FLOW

Item Received Ve rtical _ Horizontal

Containe r /Wa ste In Out Out

Supe rtiger/ Proce ssed 1-ST 1-ST 33-55D

Supertiger / Unproces sed 1-ST 1-ST 42-55D

Cargo Container / Processed 1-CC 1-CC 43-55D

Cargo Container / Unprocessed 1-CC 1-CC 60-55D

Mark 3/ Processed /hrecen*/8-M3 8-M3 64-55D

Mark 3/Maprocessedc.MMkb3 8-M3-

1,2 - RF12 - RFRocky Flats Box -

The arrangement of items in the laydown space and in the containers is

indicated in the following sketches. It can be observed that:
If four M3s are carried in a single lift by the unloadinge

crane, eight M3s (2 lifts) can be loaded into a laydown space

with space inside the laydown to stack the M3 lids when theyC ,= -

. ri-,w, ,

.o
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a re removed. 2. 5 laydown spaces are required to hold the

M3s from an ATMX car.
Twelve RFs in a laydown space is one'-half an ATMX carload.e

An ST with inside dimensions of 76" x 76" x 172" 10.g 5. *11 61'42e

55Ds in three columns of seven each. To unload two at a time by

forklift would present difficulty. (When drums are three per row,
it is 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 at a

time or three at a time.
Above comments regarding unloading also apply to the CC. Insideo

dimensions of CCs are about 7' -9- 3 /4" (93-3/4") wide by 7'-4-1/ 8"

(88-1/8") high.

Portable ramps will need to be used with the ST and CC to allow theo

forklift to enter the container. These ramps Erill need to be stored

when not in use. The ramp for the ST will be about 10" high; for

the CC about 6-1/2" high.

It appears that M3s (contaminated) can be removed one at a time fromo

the end of the laydown area 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 from the M3 four at a time due too

the lip on the M3 which reduces the minimum opening to 46-3/,4".

The Lift-O-Matic four drum device spaces the drums at 1" apart

(i. e. , 47" outside dimension). Redesign of the M3 will be required for

four drum lifting.

It should be possible to remove drums, two at a time, with two singleo

drum grapples on a lifting bea m. One at a time may be the most h
practical.

With the arrangements shown, a single laydown space size (11' x 27')o

will accommodate all four containers,

O
90029269
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One laydown space is equipped with a dolly (50,000 lbs. capacity)t o

for transport of occasional STs or CCs (internally contaminated
'

to the overpack area for unpacking.

2.2 Time Estimates

A container laydown station is " tied up" or utilized from the time it is
designated to receive a container (s) 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 container (s) from vehicle to laydown

b) Sample air inside container (ST or CC). hhis should be
,

donfwhile container is on the vehicle, rather than in the
f

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 or uncontaminated M3) or

laydown space (if RF or contaminated M3)

f) Close container door (s) (ST or CC)
Replace lids (uncontaminated M3)

g) Wait for proper type vehicle to be spotted,(if ST, CC o p y,,,e,
[g *[,N[f .uncontaminated M3)

h) Move ST, CC or uncontaminated M3s from laydown space

to vehicle.

Time cycle estimates for the four types of containers, two types of waste

and three types of vehicles follow:
Min.1. Supertiger, Processed Waste (ST-P), Flatcar or Truckj*

Sample air at laydown, no wait for vehicle.
1.1 Move ST-P f rom flatcar or truck to laydown and

8disengage sling
151.2 Sample air in ST

-

O ..
.V

cA

,'e ,
d.

*
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Min.
.

1.3 Open ST door (unbolt and swing back two doors in sequence) 47

Based on estimate provided by Sandia:

1. Remove 10 bolts from outer door 15 i
1

2. Open outer door and secure 7 l

3. Remove inner door bolts and open 25 |

\ 47

1. 4 Place ramp on floor 10

1. 5 Remove 33 55Ds from ST (3 per lift) 55

Assume forklift used to # enter ST. engage three drums, g
backout and down ramp, turn, travel 20 ft. go up ramp

onto pallet, release drums on pallet, back-off pallet
,

and down ramp, turn, return 20 ft to ST (5 min / cycle)

1.6' Remove ramp from floor and store 10

1.7 Close ST doors 47

1.8 Engage sling and move ST from laydown to flatcar or truck _8
200

2. Supertiger, Unprocessed Waste (ST-U), Flatcar or Truck

Sample air at laydown, no wait for vehicle.

1.1 Time elements from moving the ST througQcing
ramp on floor (1.1 - 1.4) are the same as Case 1 80

1. 5 Remove 42 55Ds from ST (3 per lift). Assume 5 min / lift

cycle. 70

1.6 Time elements from removing ramp through returning ST

to vehicle (1. 6 - 1. 8) are the same as Case 1. 65
215

3.' Superticer, Processed Waste (ST-P), ST remains on Flatbed truck g
3.1 Sample air in ST. 15

3.2 Isolate tiedown from door only 10

3. 3 Open ST door (unbolt and swing back two doors in sequence). 47
UY m*v t be .r h o ppe g ,,, .rh .,,a +. n.oir ,} o ff ,tt H e d,)

3. 4 Place ramp on floor 10

3. 5 Remove 33 55Ds f rom ST (3 per lift). Assume there are

suff'icient forklif ts ope rating so that a forklift approaches

the truck bed as soon as the approach is cleared by the

O

90029271
, ,
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Min.

previous forklift (assume 4 min / cycle). 44'

3. 6 Remove ramp from floor and store 10-

'

3. 7 Close ST doors 47

3.8 Replace tiedown on door 10

193

4. Cargo Containe r

Cargo containers are shipped only in an ATMX. Therefore, they

must be unloaded from the ATMX and moved to a laydown area for

( removal of the 55Ds. Internal air can be sampled only at laydown
\ Min.area.

4.1 CC, unprocessed waste (CC-U), sample air at laydown,

no wait for vehicle.

4.1.1 Move CC-U from ATMX to laydown area, disengage sling 8

4.1.2 Sample air in CC 15

4.1.3 Open CC doors (CCs are equipped with two doors and quick

opening latch devicco, 2 per door). 4

4.1. 4 Place ramp on floor 10

4.1. 5 Remove 60 55 Ds from CC (3 per lift, 5 min / cycle) 100

4.1.6 Remove ramp from floor and store 10

4.1.7 Close CC doors 4

4.1.8 Move CC from laydown to ATMX h
159

4. 2 CC, processed waste (CC-P) sample air at laydown, no
wait for vehicle ,

4.2.1 Move CC-P from ATMX to laydown area 8

4.2.2 Sample air in CC 15

4.2.3 Open CC doors 4
'

4.2.4 Place ramp on floor 10

4.2.5 Remove 43 55Ds from CC (3 per lift, 5 min / cycle,15 cycles) 75

4.2. 6 Remove ramp from floor and store 10

4.2.7 Close CC doors 4

4.2. 8 Move CC from laydown to ATMX 8

134
._

O
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5. Mark 3 Min.
,

Eight M3s are moved from an ATMX (4 at a time) and placed in

ha laydown space. M3s with undrummed waste are removed from

the laydown arca, one at a time, and placed on pallets for transport i
!

down the mine shaf t. Handling of processed and unprocessed |
|

waste (in drums) is identical through the laydown area. Drums are |

removed through the top of the M3, one at a time (or 4 at a time |
if the M3 is redesigned)and placed on a 24-drum pallet.

5.1 M3, contaminated M3 or undrummed waste, no air sampling,

no return of M3s

5.1.1 Move eight M3s from ATMX to laydown area (four at a time),

hit cycles at 20 minutes (assumed) per cycle [ 40

5.1. 2 Remove eight M3s from laydown s, pace 40

( Attach forklift sling to M3, lift M3, back out, turn, move g
to pallet, move up ramp onto pallet, deposit M3, return

to laydown area. Assume 8 min /cyclej #
-. __ _ ._ -

there are no bar~ iers around the laydown space, ther

forklift can start moving M3s out of the space as'soon as

the crane deposits the first four. Thus, the cycle time
added is only that required' to remove the five M3s from the

space after the last load is deposited.)

6. RF Box

Twenty-four (24) boxes are received in an AMTX car. The crane

moves them four at a time, from the KMTX to.the laydown space.

Twelve boxes are placed in a laydown space, i.e. , 3 lift cycles
at 1[ minutes per cycle. RF boxes contain undrummed waste and

therefore are never returned to the sender and do not require

sampling of air in the box. RF boxes are removed from the laydown

space one at a time by forklift.

6.1 RF, undrummed waste, no air sampling, no wait for ve'hicle,

assume only one forklift used.

O
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i Min.

6.1.1 Move 12 RFs from ATMX to laydown area (four at a' time) 48

6.1. 2 Remove 12 RFs one at a time, f rom laydown area to

log-in area. (132 minutes elapsed time)

a. Enter space, pick up RF, back out 1

b. Scan RF for contamination or minor

repair 5

Move to log-in area or to minor repairc.

area, laydown RF and return \5
(As there are no barriers on the laydown area,

the forklift can remove the first RF as soon
as the crane removes the sling from the RFs,

i.e. , about 12 minutes after starting to remove
RFs from the ATMX. Thus RFs are being removed

~

from the space during 36 minutes of the time the

space is being loaded with RFs. Therefore, the

added cycle time will be 96 minutes) 96
144

2.3 Shipment Seenarios

2. 3.1 If all drums are shipped in STs on flatcars, nine (9) STs

could arrive on the worst day and the ATMX with RFs

could arrive the same day. Thus, on the worst day the

following laydown space times would be required.

'a . The maximum time requirement occurs if the

waste is unprocessed, and air sampling is donei

after unloading.

9 ST-UM = 215 x 9 = 2130

O 24 RF (2 spaces) = 144 x 2 = 288
2418 min.

Thus 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 STs, an empty space must be provideda

adjacent to eadi ST space, or a total of 12 spaces is required.

O
..

J
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b. Since the RFs are received only once per week, the average

day would require h,

9 ST-UP = 215 x 9 = 2130

24 RF = 144 x 2 / 5 = 58
2188

Thus five spaces would bc 95% utilized, but 378 drums would

be processed rather than the 260 daily average.
. . . _ . - _ . . - -.__ __.. __ ._

2. 3. 2 If all drums are shipped in CCs, six (6) CCs could arrive on the worst g
day and the ATMX with RFs could arrive the same day. If the waste

is unprocessed, air sampling is done in the laydown space and no

wait period is required for a vehicle, the laydown space time

required is:

6CC-U = 159 x 6 = 954

24 RF (2 binloads) = 288
1242

Thus 2.7 spaces would be adequate or 3 spaces would be 90% utilized.
2.3.3 If all drums (processed waste) are received in STs on flatbed trucks

(8 per day) and the STs remain on the flatbed during unloading of ST, g
the ticup time for the truck station will be:

a. Move flatbed from parking area, turn and spot inside

building airlock 6-

b. Close outer door, open inner door, move truck to uhload

station, decouple tractor. 6

c. Unload ST 193

d. Move truck out of unloading station through airlock 8 |*
213

8 x 213 = 1704 min.

Thus, 3. 7 truck stations are required. Four (4) stations

would need to be provided (93% utilized) for trucks and -

one (1) station to handic the RF boxca.

O
90029275
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2.4 UNLOAD ATMX/M3
,

Basis and Assumptions

'

o Maximum of two ATMXs (20 M3s cach) arrive per day.

o Each M3 contains 8 55Ds.

On worst day an ATMX with 24 RFs will also arrive.o

Flow through (in one airlock, out the other) used for vehicles,o

When a railcar is pushed into station No.1 it advances theog

incumbent car to station No. 2 and pushes the car from stationi

No. 3 into airlock No. Z where it is picked up by a donkey.
o M3s are lifted 4 at a time from the ATMX and placed in

position for unloading by a forklift.

M3 lids (12 gagsteel) are secured by 20, 5/16 x 1,18 UNCo

screws (he head). Assume 10 minutes to remove using

powe r tool.

o M3 lids weigh 100 lbs and have no pickup points. They will

need to be removed by using a sling. Assume sling attached

to different forklift than will unload the M3s. Assume 5 minutes
to lift, move and laydown lid.

Two 25 T cranes may work simultaneously on a single ATMX,o

but with the ATMX in Station 1 or 3 they must work in unison.

Greater flexibility is obtained if each crane operates to the

maximum extent in its own half of the building.

o After the 25 T has moved an ATMX lid (s), the lid sling must be
~

removed and a special sling or stiffback must be attached for

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. As sume

10 minutes per M3. Assume sampling crew precedes lid

removal crew in perfect sync. (Location of sampling port and

method should be defined.)

O
'
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\
Min.

Move to laydown area and lov'.cr 1-

Disengage 4 lifting bars (man must get to top of M3s) 10-

Move 25 T back to ATMX 1-

20

.

M3 UNLOAD, SPACE REQUIREMENTS

1. A s sumptions

1.1 ATMX lids are 17' x 10' x 6. 3" thick
1. 2 Space occupied by ST with door open is 25' x 11'.

1. 3 Space occupied by CC with doors open is 24' x 8'.

1. 4 Space occupied by 8 M3s with lids removed and stacked in two
stacks at the end of the M3s is 25' x 8' min, or allowing 6"

clearance between items, 27' x 8'6". If lids are rotated 90 degrees

and stacked in a single stack the overall dimensions including

clearance would be 26' x 8'6"

1.5 Space occupied by 12 RFs stacked 2 high is 24' x 7'. If 6" clearance

is provided between RFs, the space becomes 26'6" x 7'.

1. 61. 6 Laydown space is needed for two spreaders for removal of CCs. h
Each spreader is 20' x 8'.

.

1. 7 Unloading space module should be 27' x 11'.

1. 8 When drums are unloaded from STs or CCs three at a time, the f* d * p
wk en d a necessary b r e Q ev_e( M e2:: 'saded ' dm -s tomaximum payload is 2700 lbs. g^.::u-Jng tht pr.let: .

v'ed su.a
her bu. . ides, the center of the load is 36" from the fork face, y%

# d"#1;. Om Lad m L'.f S- An ahc -Tr:Ts on :h: ph. The.

e 4 pip 2eed
'

distance from axle centerline to fork face (4000 lb towmotor) is --

12. 5". Assuming the lif ting device is equivalent to 800 lbs at 36",

the total load is 3500 lbs. Thus the inch-pound rating is

(36 + 12. 5 )(3500) = 170,000. A capacity of 5000 lbs at 24" is
,

required to give this rating. The minimum aisle for 90 degree :
t

stacking is 94" + 48" load or 12'. Thus, a 2. 5 T forklift has the j
. ability to load pallets by either driving onto the pallet or reaching
1 I

i
i

e
d 51 90029277
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Two 2. 5 T forklif ts work simultaneously to unload 55Ds oneo

at a time from a group of M3s. Each forklif t operates in a

vacant laydown space; one on each side of the M3 group.

As soon as four M3s are emptied they can be reloaded on theo

ATMX (after lid replacement). Pickup and unhook time is
included in the 20 minute M3 handling cycle. g

o As SSDs are removed from the M3 they are carried by the
p)
'U forkilf t to a laydown a rea consisting of a pallet large enough

to hold 24 55Ds in a 6 x 4 array, (6. 67 pallets are needed to

hold the 55Ds from an ATMX). 55Ds are placed on the pallet

by driving the forklift up a ramp onto the pallet.
Assume the forklift is equipped with a single drumo

Lift-O-Matic mounted so it can be rotated 360 degrees and

have two direction translation. It also has a vertical arm
to provide lateral support at the lower portion of the drum.

Min.
,)

o 55D unload time estimate
.5a. Obtain position at M3

b. Lower, align gripper, engage and lift drum 2.0

c. Back, turn and start run .5.

d. Rhn to laydown and turn .5

Inspect for repair and swipe representative sample 1.5'e.

f. Laydown, back, turn and return to M3 1. 0

g. Inventory taken on pallet, independent of handling

() process. (No cycle time involved.) 0
6

The lift cycle for removing M3s from an ATMX consists ;o

of:
- Move 25 T crane with special sling into place 1

- Attach 4 lifting bars to 4 M3s (Crew on top of |

ATMX from lid removal) 6

i

?
(

* W - - .. . . . . . . . . _ . . . . .

|
1
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..% .. & gs'hce--- - o uk-% e e. .J /, .) ke 4 ' 9 _ly w a../
,
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from either side to place drums in the center rorsf' It also provides
some margin of safety if drums are handled four at a time. (The

minimum aisle for a 2T forklift is about 11'-4". Thus no significant

gain is made by using the smauer lift and some flexibility is sacrificed
.

O
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|
|
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/' 5.1 Calculation of Forklift size to handle loaded pallet.

12.S'
Load

24 drums
ove rpacked 6t, g. 5i drums 24,000

1000 lbs ca. forks 1,000

30,000 lbs

Center of load is 51" from fork face. For trucks in 30K class,

distance from 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 at 30" (towmotor
load eqnter distance for trucks above 20,000 lb class) would be
2,250.000

(30 + 24) = 42,000 lbs

At 36" load center (Cla rk rating distance above 30 000 lbs), the truckg
capacity would be 38,000 lbs. For Clark trucks both the 35K and

40K trucks have 240" turning radius. Overall length to fork face

is 242". Thus the machine with forle would be about 26 ft lon'g
by 11 ft wide. 'These trucks (Clark) have gas or diesel engines.

The minimum aisle for 90 degree stacking is about 29 feet. 1

5.2 Calculation of forklift size to handle RF boxes.

This forklift sh'ould handle overpacked RFs as wet as regular RFs.

The overpacked RF is 5 x 5 x 8 and weighs up to 11,000 lbs with a

30" load cente r. In the 12,000 lb class, the drive axle to fork face

distance is 16.13" Thus the inch-pound rating is (30+ 16.13)(11,000)=510,000.

The 12,000 lb capacity truck is rated at only 481,000 inch-pounds.

Therefore, the next larger size, i. e. , the 15,000 lb truck is required.

This truck has about an 18" drive axle to fork face distance. Thus
the inch-pound rating is (30+18) (11,000) = 528,000. This is well within

the 628,12 5 inch-pound rating of the truck.

O
u
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The minimum aisle for 90 degree stacking for the 15,000 lb t//pk is g
128. 2 5" plus load length (60"), or 188. 25" (15. 7'). An aisle width

| of 16' should be used.

5. 3 Fork lift dimensions (approximate)

Dimensions (unloaded) Min. aisle for
;

'
Capacity Length Width 90 stacking

2000 8' 3' 10'

5000 10'- 4' 12'
.

15,000 14' 5' 16'

M,000 2 68 11' W 29 '

5. 4 Holst

25T with ST aux (Shaw-Box) requires 3'3" from hook to rail centerline
'/

and 10-1/8 from rail to column or wall face. That is, the main hook

will reach within 50" of the column face.

The auxiliary hook, following behind the main hook, has a separation

distance of 4'10". Thus, it will reach within 9' of the column face.

With the aux hook leading, the main hook will reach within 100" (8'4")

of the column face and the aux within 43".

The closest approach of the hooks to the stops in the direction of

bridge travel is 8' in one direction and 12' in the other.

O
r
u

O
.

+

90029281



ITEM III j

|

|

2. UNLOAD LAYDOWN SPACE j

2.1 Basis and Requirements

Three types of containers (ST, CC, M3) holding 55 gallon drums (55D)
are received at the unloading stations. In addition, RF boxes are

re ce ive d. All containers and boxes are unloaded from the vehicles and

O(3
transported to a laydown area by bridge cranes. The laydown area is

an open floor space if no airlock is used between the vehicle unloading
area and the conta'ner unloading area. If an airlock is used, the laydown

area could be end-opening bins with removable lids. If bins are used,

about 25 percent more floor space will be required to provide for bin
walls and for air sampling of STs if the sampling ports are 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 from

the vehicle, this is not a consideration. )

50
'

The 55Ds are normally unloaded, two or three at a time, from the

containers (STs and CCs) through end-opening doors while the containers

are in the laydown area. The 55Ds are then moved to a receiving / inspection

area. However, a small portion of the containers may be found to be

contaminated on the inside. Internally contaminated containers are moved

to the overpack area for unpacking. (If internal sampling is performed
while containers are on the vehicle, contaminated containers would be

moved directly from the vehicle to the overpack area.) This frees the

space for other use. When containers are unloaded in the laydown space,O
the space is tied up until the proper type vehicle is available in a loading

station to receive the container.

Since the M3 is top loading, it must be removed from the airlock bin

(if the bin is used) before unloading and to free the bin for other use.

(If the airlock is not used, the M3s would still be moved from the laydown

area to an unloading / receiving / inspection area before unloading, since

Y '
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O
access is not available to all M3s while in the laydown area. ) The M3s

probably are removed one at a time from the bin or laydown area to an

trnf o ad,*n; /r eve |d;/At.of **hk etr en,
After the M3s are unloaded, they are moved back to a bin or laydown

area to await loading onto an ATMX car.

RFs are removed from the bin (or laydown space), probably one at a

time, to a receiving / inspection area. It may be desirable to equip the h
laydown area handling RFs with a movable dolly, so that the entire load

(120,000 lbs) can be moved from the laydown area for forklife access to

the long side of the RF.

In summary, the quantity of items moving into and out of the laydown

space for the various types of containers and waste received, are:

Received Bin Quantity-Item

Item (waste) In Top OutTop Out End In End
,

Supertiger/ Proce s sed 1-ST 1-ST 33-55D '-.

Supertiger/ Unproces sed 1-ST 1-ST 42-55D -

Cargo Container / Processed 1-CC 1-CC 43-55D -

|
ed

iCargo Container /Unprocess/1-CC 1-CC 60-55D -

Mark 3/ Processed 10 -M3 10 -M3 10 -M3 10 -M3

Mark 3/ Unprocessed 10 -M3 10 -M3 10 -M 3 10 -M 3

Mark 3/Undrummed 10 -M3 10 -M 3 -
-

Rock Flats Box 12-RF 12 -R F ~-

l

;

|

I
|

9
"
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O
The arrangement of items in the bin or laydown space and in the
containers is indicated in the following sketch. It can be observed that:

If 4 M3s are carried in a single lift by the unloading crane,10 M3so

(2.51 Lits) can be loaded into an airlock bin by lowering to near the

bin floor and moving two of the four M3s under the bin top deck.

(The center of gravity remains about 2 feet clear of the deck.)

To load 10 M3s (4 per lift) into each bin, the loading sequence wouldo

be:

1. Load 4 M3s into bin "a" near the door

2. Lower 4 M3s at rear of bin "a", leaving two at wall
'

3. Carry 2 M3s to bin "b" and deposit at rear wall

4. Place 4 M3s at center of bin "a"

5. Place 4 M3s in bin "b" near door

6. Place 4 M3s in center of bin "b"

o Ten M3s in a bin is one-half an ATMX carload (This is desirable).

o Twelve RFs in a bin is also one-half an ATMX carload (This is also

desizable).

With the arrangements shown, a single bin size and shape willo

accommodate all four containers.

/' o The minimum dimensions for the bin appear to be:
V] Bin inside - 12'x 27'

Hatch opening - 9'6" x 22'

Door opening - 10' x 10'

o An ST with inside dimensions of 76" x 76" x 172." long will hold 42

55Ds in 3 columns of 7 each. To unload 2 at a time by forklift would

present difficulty. (When drums are 3 per rc,w, it is difficult to

O
90029284a- . n: e
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O
pick up two per lift without having drums moved about between lifts.
A man would have difficulty moving a 900 lb drum by hand. ) The refore,
drums should be removed one at a time or 3 at a time,

Above comments regarding unloading also apply to the CC.o

If magnetic coupling to drums can be used (this is being investigated),o

and there is sufficient head room inside the ST and the CC, the drums g
might be picked out three at a time by forklift. (Other means of drum
removal, such as " Lift-O-Matic", are also being investigated.

.

Portable ramps will need to be used with the ST and CC to allow theo

forklift to enter the container. These ramps will need to be stored when

not in use.

At least one laydown space will need to be e, quipped with a dollyo

. (50,000 lbs capacity) for transport of occasional STs or CCs (internally

contaminated) to the overpack area. 1

A practical means of removal of the M3s and RFs from the laydowno

area will need to be determined. (More detail on the configuration of

the M3 and RF is needed as a basis for this determination. ) One possi-

bility is to install a roller floor in some of the laydown spaces. The
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 are that
it adds the cost of rollers, makes some laydown spaces different from

,

1

others and adds an activity (lateral rolling movement) to the unloading
'

sequence.

It appears that M3s can be removed one at a time from the laydowno

area by means of a forklift. There appears to be adequate head room,

and'a boom attachment appears feasible for lifting the M3. ~

O|
'
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Placing of RF boxes in the laydown space from above and removalo

from the end of the space can be visualized for two alternative

configurations; one with the long dimension of the RF parallel to the

long dimension of the bin; the other with the long RF dimension per-

pendicular to the long bin axis,

If the RF and bin major axes are parallel, the RFs can be loadedo

easily, four at 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 return to the sender in the ATMX.

The only access under the RF is from the long dimension side.

There are no other pickup points. Two approaches to remoyal from the

bin are apparent: a special boom device with pendulous arms to grip
an RF from above, or a means of sliding the RFs (on rollers or dollies)

through the bin door to provide forklift access to the long dimension of

the RFs. Both of these approaches would entail the cost of special

equipment development for a low utilization activity. In addition,

rollers would need to be covered or dollies removed for bin use with

a CC or ST.

o If the RF and bin major axes are perpendicular, the RFs cannot be

loaded, four at a time, into the bin through the 22-foot long top

opening indicated. This constraint could be removed by providing a

removal section of top deck about 3 by 9 feet at the door end of the. bin.

(This constraint does not exist if the airlock concept is not used. )

With the RF 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 ]
land is the preferred approach,

O

ggm' 90029288



O
2. 2 Time Estimates

A container laydown station or airlock bin is " tied up" or utilized
from the time it is designated to receive a container (s) until the

container (s) is removed and the space is available to receive

another shipment. Thus, the activities that determine thr. time

cycle for laydown space utilization are:

a) move container (s) from vehicle to laydown

b) close bin lid (if airlock used)
c) open bin door (if air lock used)

d) Sample air inside container (ST or CC). This
should be done while container is on the vehicle,

rather than in the laydown space,

e) Open container door (for ST and CC only)

I) Place ramp (ST and CC only)

g) Empty container (if ST or CC) or laydown space

(if RF or M3)

h) Close container door (s) (ST or CC)

i) Close bin door (if airlock used)
j) Open bin lid (if airlock used)

k) Wait for proper type vehicle to be spotted (if

ST or CC).
1) Move ST or CC from laydown space to vehicle.

'O

O
*

.m
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Time cycle estimates for the four types of containers, two types of waste,

and three types of veh!cles, follow: Min.

1. Supertiger Proceseect Waste (ST-P), Flatcar or Truck, Bin
~

j

Airlock, Sample air at laydown, wait for vehicle.

1.1 Move ST-P from Flatcar to laydown, disengage sling and
8clear top of bin.

51. 2 Close bin lid

21.3 Open bin door (door and lid are interlocked)
151. 4 Sample air in ST

1.5 Open ST door (unbolt and swing back two doors in sequence) 15

101. 6 Place ramp on floor

1. 7 Remove 33 55Ds from ST (3 per lift) 44

(Is there dunnage to remove? )

Assume fork 1 Lit used to enter ST, engage three drums,

backout, turn, travel 20 ft. , release drums on conveyor,

turn, return 20 ft. to ST (4 min / cycle)

1. 8 Remove ramp from floor and store 10

1. 9 Close ST doors 15

. 1.10 Close bin door 2

! 6

51.11 Open bin lid

1.12 Wait for available of proper flatcar or truck 30

1. 13 Move ST from laydown to flatcar or truck 8

169

0 .

90029290:o %ue
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2. Supertiger, Unprocessed Waste (ST-U), Flatcar or Truck, Bin

Airlock, Sample air at laydown, wait for vehicle. Min.

1. 1 - Time elements from moving the ST through

1. 6 placing ramp on floor are the same as Case 1. 55

1. 7 Remove 42 55Ds from ST (3 per lift). A s sume

h|4 min / lift cycle. 56

1.8- Time elements from removing ramp through

1. 13 returning ST to vehicle are the same as Case 1. 70

181

O

O

O
1

,$
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O
3. Supertiger, Processed Waste (ST-P), ST remains on Flatbed

Truck, No airlock.

Min.
,

3.1 Sample air in ST. 15

3. 2 Open ST door (unbolt and swing back two doors

in sequence). 15

3. 3 Place ramp on floor 10

3. 4 Remove 33 55Ds from ST (3 per lift). Assume there

are sufficient forklifts operating so that a forkilft

approaches the truck bed as soon as the approach is

cleared by the previous forklift (assume 4 min / cycle). 44-

3. 5 Remove ramp from floor and store 10

3. 6 Close ST doors 15

109

O:

.

O
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Shaft Sinking Procedures

,

8
i

1

O

O
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TRU OHAFT SINKING PROCEDURE

No development on the TRU Lcycl except for 30 feet of the station on

both sides of the shaft will be done off the TRU chaft. Therefore, as

storage operations are not to begin until May 1, 1983, the sinking of this

shaft can be done relatively late during construction of the WIPP facility.

However, its sinking vill interfere with' construction of the TRU Building on

surf ace so the sinking operations will have to be scheduled to be compatible

with the surface construction.

The sinking and grouting methods developed in the conceptual design for

the TRU Shaft are shown on sheet A7 of Drawing No. 94569. ERDA No. 9 and the

21 potash evaluation holes provided the majority of the information used as

a basis to formulate t his shaf t sinking plan. Thuc, it is based upon ex-

tremely limited infomation.

The TRU Shaf t sinking program developed for the conceptual design can

(Vh be doncribed in a stepwise manner as followa:

1. Contractor anto up his temporary electrical system, hoist and com-

preccoro.

2. Excavate the chaf t collar arca to at leas'. a 14 -foot depth with

either a clamshell bucket or backhoe equi) ment.

3. I'om and install the necessary rebar for the shaf t collar.

4. Poor the shaft collar.

I 5. Cor ence actual shaf t sinHng for a 20 fo>t diameter excavation

and establish the drilling and blasting pittern, depth of round,

etc. while reucking with a clamshell shovel. Concurrent with the
,

- sinking operation, inctall an 15-inch thick shaft concrete lining at

pour intervals suitable for the ground conditions. If prob 1cm areas

.:are encountered, the chaft walls are shotcreted as necessary prior

to concreting to insure a safe and efficient sinking and lining

v operation.

90029295
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I

through the calt. However, as sinking progresses, sections may be
Oencountered where siltstone and shales present loose ground con-

ditions. In the event that condition develops, roof belte " ;-' -

screen are used to secure the shaft walls. Spray-mortar, i.e.,

gunite or shotcreto, is then applied to prevent further air slack-

ing of the shale members.

Sinking is continued to the shaft bottom located 13 feet below

the anticipated floor elevation of the TRU Level to minimize floor

damage on the TRU Level and also to alloi examination of the bed-

ding to det:rmine the final mining horizon. Excavation of that

portion of the stction done off the shaft is started using the work

deck as a dcilling platform. The station excavation (30 feet on

either side of the shaft) proceeds with both siden advanced con-

currcntly with a cycle of drilling on one side while mucking on

the other.

Ac this station has a large crocs-soctional arca, it is mincd

by benching to facilitate a cycle of dri!. ling, blacting, mucking

and roof bo tting. Removal of the natt e::cavated in the station is

done using compressed air operated tugge: hoists to slush material

to the chaft for loading into the sinking skip.

10. Upon completion of the TRU Icvel Station excavation for the con-

creto station cill is completed, then formed and the concrete

poured.

11. Complete the shaf t bottom.
@

,

12. Remove shaft sinking equipment, all tecporary utilities and ven @
' N

1ation equipment from shaft. &
N

13. Install the chaft conveyances. CD
; CD

14. iW ove all of the shaft contractor's shaft equipment from the O'

job site.
n
' s'' )e
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'O When the clamshell becomes ineff$cient for muck removal, a

sinking headframe, hoist and sinking bucket are installed and

used. (This will probably occur in the depth range of 50 to 60

feet.)
Initial ventilation for the sinking operation is established

utilizing tubing with a positive blowing system. Later, when
isinking at a greater depth, it will be more efficient if an exhaust

ventilation system is used because the blasting fumes will be

cleared fastar from the shaft bottom.

6. Install a multideck sinking stage with hoist. These are then uced

to complete :he shaft sinking.

7. Cc.nmence installation of shaf t sets and gaides.

8. Resume shaft sinking and installation of the concrete lining, shaft

sets and guiles through the lined section of the shaf t. The only

potential fluid zones known at this time are the !Sgenta and Culebra

Dolomites in the Rustler Tormation and the contact botueen the Rustler

and Soledo For: nations. If grouting of thoce zones becones necessary,

the sugget ted procedures are shown on shcist A4 of Draving No. 94569.

The shait lining is continued into the Salado Forraation until

a competent ?ormation is reached that is nultabic for effecting a

water tight scal. There are several anhydrite beds near the top of

O the Solado Toccation which, if present as expected, shop 1d be

j good candidates for this purpose. The bot. tom of the lining is then

formed und knyed to provide a bearer set arid water co11ceting ring.

9. Resume sinking, but at a 20.5-foot diameter. This will allow shaft

closure, due to stress induced creep, to occur over the service

! life of the shaf t without imposing the requirement for later enlarge-

ment. Severe ground problems are not expected while sinking

900292971 ..
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Ril SHAFT SINKING PROCEDURE

No development on the RH Level except for the undcrground transfer

cell will be donc from the Ril Shaft. Therefore, ac ntorage operations are

not to begin until May 1,1983, the sinking of tris shaf t can be done rela-

tively late during cont..truction of the 11IPP facility. HowcVer, its sinking

will intctfere with construction of the RH Building on surface so the sinking

operationc vill have to be scheduled for compatiblity with the surface con-

struction.

ERDA No. 9 and the 21 potauh evaluation holcs provided the majority of

the information used as a basis to formulate the shaft sinking plan. Thus,

the shaft sinking plan is based upon extremely limited information. Sheet A3

of Drawing No. 94567 shows the sinking and grouting methods developed during

the conceptual design for the RC Shaft.

The Rll Shaf t sinking program developed for the conceptual design is

described in a stepwise manner as follows:

1. Contractor sets up his temporary electrical system, hoist and com-

pressors.

2. Excavate the chaft collar area to a minimum depth of 14 feet using

either a clemshc13 bucket or backhoc equipment.

3. Install the concrete forms and rebar for the shaft collar.

4. Pour the st. aft collar.
O

5. Cocuence actuni nhaft cinking at a 11-foot diameter and establish

the drilling and blanting pattern, depth of round, etc. while

mucking ui.h a clanchell shovel. The 3 8-inch thick shaf t concrete

lining is )oured concerrently.at suitable pour intervalo dependent

upon ground conditions. The shcft wal*.s through problem areaa are

shottreted a necet ury prior to concrcting to insure a safe and

efficient sinking and 1dning operation.

.. .
* ,
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Efficient use of the clamshell for cuck removal is anticipated

to be in the range of 50 to 60 feet. Uhen this operation becomes

inefficient, a uinking hendframe, hoist and sinking bucket arc in-

stalled and used until later replaced rith the permanent hoist

systen.

Ventilation for the sinking operation is established using

tubing and a positive blowing system. Later on, at a deeper depth,

it will be more efficient to use an exhaust ventilation system for

c1 caring the blasting fumes from the shaf t bottom.

6. Install a multideck sinking stage with its hoist. The multideck

stage enabics several work tasks to proceed concurrently for max-

imum efficiency by allowing drilling and mucking in the bottom to be

donc at the same time as the lining operation (forming, placing

concrctc or removing forus) or while sets and guidos are being in-

stalled. This multideck stage is used until completion of the shaft

sinking.

7. Cotmacnce innta11ation of the shaf t sets and guides.

8. P,ecume shaft ainking and installation of the concrete lining,
1

shaft sets au1 guides through the upper ifned scetion of the

shaft.

Continue the shaft lining through all the potential water

bearing zones and into the Salado Formation until a competent for-

mation is reached that can be used to effact a water tight scal.
* Several anhydrite beds are capected to be present near the top of

the Solado Fon::ation and one of these shodd be a good candidate for

this purpore. The botton of the lining 1:: then for=cd and keyed so

p as to provide a bearer cet and water collecting ring.
V
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At this time, the only known potential fluid zones are the

Ngenta and Culebra Doloniitcs in the Rustler Formation and, pos-

sibly, a zone at or near the contact between the Rustler and Solado

Formations. The suggested grouting procedures to be used, if

required, are shown on sheet A3 of Drawing Mo. 94567.

9. ContJnue sinking of the shaf t at a 9-foot diameter to an approxi-

mate depth of 2175 feet and then at a diameter of 10 feet to the

shaft bottom. These. increased shaft diameters provide an allowance
9

for the clocure resulting from stress induced creep.

Shaft sinking through the salt is not expected to present any

ground probicms. However, there may be sections where siltstone

and shales present loose ground conditions as sinking progresses.

Should this condition develop, roof bolts and cyclonc screen are

used for securing the shaft walls. If dceced advisable at the ti=c,

spray-mortar, i.e. gunite or shoterete, is also applied to prevent
O

further air slacking of the shale members.

10. At the depth of the R11 Level, to improve ventilation, excavate a

minimal sized temporary breakthrough to the chaft entry trave 1way

mined previous 1',' by a continuous miner. The Underground Transfer

Cell, because of its height, is best mined by benching to allow

drilling and nucking simulte.ncously. Roof support 1s inctalled as

dictated by the ground conditions. All excevation of the Underground

Transfer Cell is completed via the RH Shaft. The shaft is completed

when the sump lelow the floor of the Trancfer Cell is completed.

11. Remove all shaft sinking equipm nt, tempora y utilities and ventila-

tion equipment from the sh.ft.

12. Install the shaft conveyances.

13. Remcyc all of the shaft contractor's shaft equipment from the

,.: job site.
!
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MAN AND MATERIALS SHAFT PROCEDURE

O
.

As with all of the chafts, the majority of the information used as a

bacic to formulate this sh,ft cinking plan uns obtained from the 21 potadh

evaluntion holco and EpDA !!o. 9. By necessity, therefurn, it is based

upon extremely idn'.ted information. The conceptual chaft sinking program

developed for the IIan and !!aterial Shaf t, alon;: with the suggested grouting
!

iprocedures, are shown on sheet A5 of Drawing No. 94571 and can be described

in a stepwise mannor no follows:

1. Contractor sets up his temporary electrical system, hoist and com-

pressors.

2. Excavate the shaft collar arca to a depth of 14 feet using either

a clamshell bucket or backhoc equipment. Also excavate the per-

manent headfraec foundation concurrently with the shaf t collar.

3. Form and install the necessary rebar for both the shaft collar and

headframe foundation.

4. Pour the shaft collar and the headframe foundation utilizing a

monolithic co" crete pour.

5. Commence actual sinking for a 26-foot diameter excavation and

establish a drilling and blasting pattern, depth of round, etc.

while mucking with the clamshell shovel. In conjunction with the

sinking operation, Tour an 18-inch thick concrete lining at pour inter-

vals cuitabic for the ground conditione encountered. In any probles

areas encountered, shotcrete as necessary prior to concreting for

a safer and more efficient sinking and lining operation.

It it anticipated that use of the clamshell for much removal

will be cf ficient only dwn to a depth of 50 or 60 fect. When

use of the cic=shell becomes inefficient, then a sinking head-

O frauc, holct and sinhing bucket are installed and used until re-

placed at a later time by the permanent hoist system. *
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Vcnt11ation for the sinking operation is initially established

with tubing and a positive blowing cystem. Later, at a greater

depth, it lo replaced by an exhaust ventilation system for greater

ef ficicacy in c1 caring the blasting fuucs from the shaf t bottea.

6. Install a nultidcek sinking stage and hoist. These are then used

to complet,' the shaft sinking.

7. Co: rence installation of the shaf t sets and guides.

8. Resume shaft cinking and installation of the concrete lining,

ohnf t sets and guides through the lined portion of the shaf t.

The Magenta and Culebra Dolomites in the Rustler Foruation and the

contact betvcen the Rustler and Solado Forrations are the only po-

tential fluid zones known at this tire that will be encountered in

this shaft. If grouting of those ::enes is required, the procedure

reco== ended is shown on sheet A5 of Drawing No. 94571.

The shaft lining extends into the Salado Formation to the

first competent formaticn reached that can be used to effect a

water tight scal. The information available at this time indicates

that there are several anhydrite beds near the top of the Solado

Formation which will be good candidates for this purpose. The

bottom of the shaft lining is formed and keyed in the anhydrite

bed selected to provide a bearer set and water collecting ring.

9. After the conccetc lining is conpleted, the last stage of forms

are recoved and, if deemed more efficiant, the staging is modi-

fied to a douMe deck stage for installation of shaf t sets only.

10. Ecco nence sinking, only at a 25.5-foot diancter. This is done to

allow for that shaft closure which vill occur an a result of

the ctrees induced creep. A sec31 pu.np station is excavated at a

reasonabla dista.nce below the wat<r ring. The water collected in
,

*:/r 'e' ,
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(R() the water ring is piped to this pump station where it is then j

pumped to surface for dinpocal.

Install the permanent headframe, bin, hoist and a surface |

salt conveyor disposal system. This can be donc at any time

during the shaf t sinking, but the earlier it is done, the more it

benefits the shaft contractor with his muck removal. The pro-

duction holot is brought into service for muck handling with

balanced self-dumping sinking buckets as soon as it is ready

following erection of the headframe.

It is not expected that any severe ground problems will be i

encountered while sinking through the salt. However, there may

be sections of the shaft in which siltstone and shales present

loose ground conditions. To prevent undue delay if this occurs,

reef bolts and cyclone screen are used to secure the shaft walls.q
U Spray-mortar, i.e. , gunite or shotcrete can be applied to prevent

further air slacking of the shale members.

Sinhing is continued to 15 or 20 feet below the anticipated

floor elevation of the TRU Level. This additional distance will

then min:= ice floor damage at the station and also allow examin-

ation of the bcdding to determine the final mining horizon.

Further, it also reduces the possibility of blasting darage when

- sinhing is resumed.

11. Excavation of the station on the TRU Level is ctarted using the

work dech as a drilling pl:tform and al?. cuing the blasted salt to

fall into the vacated E, haft opening. Station excavation proceeds

with botl. cides being advanced concurrently with a cycle of drill-

ing on et c side while muching on the other. Mining of the statiot.,

as it hat. a large cross-section, is done by benching to f acilitate

a cycle cf drilling, blasting, mucking and roof bolting.

' k
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Becruse this sha't is t.he main accesc for all personnel and

natcrials. handling, development advantacon 'rn yh> F- #"*"-a

concurrcr.t work if some development is accomplished prior to com-
I

piction of the shaft. Therefore, in addition to excavation of the |
|

station, an entry is mined from the shaft station to the Con-
1

l

struction Ventilation Shaft. An early breakthrough into the Con- |

struction Vcntilation Shaft allows improved ventilation flows with

one chaft downcast and the other upcast. i addition, a minimal

sized opening is mined to the top of the muck transfer raise with

sufficient room made to allow installation of a raise drill at

a later time. The major advantage gained from this procedure is

the time that will be saved later by allowing equipment to be

lowered end assembled while still sinking the shaft or during
]
Iinstallation of the skip loading equipment. W

Upon completion of the TRU Level Station, excavation for the

station concrete sill is completed, formed, and then the concrete

poured. The hardware shown in the stc. tion design is installed

concurrently wJth the station construction in order to facilitate

equipacnt handling. This hardware wi.'.1 include such items as

the brid e crane and raonorails in add:'. tion to that equipmentt

useful to the shaft sinking and develcpment done in this phase.

12. Resu-c nLaf t. sinhing opcotionc to the Ril Level at a shaft ex-

cavatica diameter of 28 feet.

13. Thn n!! Level Station in excavated fol:ouing the same procedure

as tl.at dcocribed in Step 11 for the 'IRU Level Station. This

includes installatien of the monorail and crane to facilitate

hcodling of equipmant and supplies.

O
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A
V 14. . Upc t co:qletion of the station, an ent ry connecting the Itan and

11aterial Chaf t to the Construction Vertilation Shaf t is mined to

improve ventilo tion. In addition, a minimal nized entry is also

driven irem the Conotruction Ventilation Shaft around to the top

of the ship loading pocket. This will allow an early breakthrough

to be made when later excavating for the skip loading facilities.

Duc to the relatively inefficient muck handling facilities avail-

able at this time (as co'apared to the skip loading equipment avail-

abic later), al.1 cutry development should be kept to minical sizes

and then enlarged later when more efficient facilities are installed.

15. Excavate, form and pour the RH Station sill.,

I
16. Resume shaft sinking at a 28-foot excavation diameter. As the shaft

is deepened, excavate the opening required for installation of the

skip loading pocket.
O
'd 17. Continue with the skip pocket excavation and complete the shaft

excavation to a depth that allowc installation of the skip pocket

equipmenn.

18. Form and pour the concrete floor of the skip loading pochet and

' stall the loading pocket steel and ukip loaders.

c. Complete excavation to the shaft bottom, including concreting the

floor and sump. Also mine a 10-foot :.ong entrance to the ramp
Dd off the chaf t bnttom to provide a c:ife. breakthrough for the ramp

whea it is driven later.

20. Recove the shnf t sinkin;; equipment.

21. Install the shaft conveyancer, and rer.ve all temporary utilities

and vent'latica equipment from the shzft,

22. Innt ell t he lictmonent po :er, conneet:t c ns, etc. in the chaf t.

The remainder of the shaft oriented work is donc using the per-
O manently installed shaft equipment (c pecially the skips) for

o0029303/improved efficjency.
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23. Excavate the openings required for installation of the salt

handling equipment below the RII Level. Until this facility is

complete and operabic, muck handlin:: at the Man and Material

Shaft is inefficient and no mine development can begin.

Start the excavation with a small sized (approximately

6 foot diameter) inclined raise to connect the skip loading pocket

gto the trancfer gallery (about 35 feet in length). Then drive

an opening (again of minimal. dimensions for maximum advance rate)

to the transfer storage location. This requires a sublevel 75 to

80 feet in icngth. At the end of this sublevel, drive a vertical

breakthrough raise up to the Rll Level. The purpose of this work

is to provide ventilation with a minimal amount of muck handling.

Upon makf.ng the connection, ventilation in established through the

skip J oar.ing facility.

Starting at the top of the skip loading pocket and working up-

ward, enlarge this breakthrough to its final dimensions by slash-

ing. The excavated muck is fed throu;,h the skip loading pocket

into t.he ships. All of the skip load:ng facility is mined from

this shait.

|

24. Install the equipeent for the salt trrnsfer facility, including i

|

the R11 st orace bin, the chute for the TRU salt transfer, the bin
Ofceders and all conveyoru. Concurrently, install the TRU transfer

conycyor en the R1 Level to the bottou of the propoced TRU-Ril much

radsc. /st the same time this equipmer t is being installed, the

TRU-TJI mvch raise pilot hole is drilled f rom the TRU Level.

25. The TRU-Ril much raine pilot hole la cr.larged to its final 6-foot

diameter by reaming upward. Since the cuttings fall by gravity
|

to the RJI Levci, they are loaded onto the conveyor installed in

f

') )
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Step 24. As no facilities exist for handling muck from the TRU

Level until this raisc is completed, it is recdily apparent that

Steps 23, 24, and 25 must be carefully scheduled and until these

facilitics are complete and opciabic, full scale mining on both

levels is delayed. Some equipment assembly and installation work

can be performed, but the operation of the muck handling facilityO is the focal point for mining by continuous miners on the two

underground levels and, therefore, the chaft salt handling capa-

bility must be operational before any significant development

work can be started on either level.
>

26. Although it is not an integrel part of the shaft, the incline from

the Ril Level to the shaft bottom is required for officient full

Feale op(ration. Mining can commCnce prior to Completion of thiSO
incline, however, it is required in order to provide an efficient

method oi cleaning; the inevitable spill that will occur during

skip loading.
|

27. Completi<n of Steps 25 and i, and thn ren: oval from the site of

the shaft sinking equipment constitutis completion of the shaft

construction.

O

O.

..F>
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VENTILATION SHAFTS SINKING PROCEDURE

Both ventilation chaf ts are the same size anc', therefore, will be sunk'*

As with all of the other shaf t sinking plans formulatedin the same manner.
I

for the conceptual deni;n, EnDA No. 9 and the 21 potash evaluation holcst !

provided the majorit:r of the information used as a basis to formulate this

shaft sinking plan. Sheet A3 of Drawings No. 94573 and No. 94574 shows the

ninking and grouting procedures developtd during che conceptual design for

the TRU-Ril and Construction Ventilation Shaf ts respectively.

The shaft sinki sg prograr developed during the conceptual design for

the two ventilation shr f ts is describcd in a stepwise manner as follows:

1. Contractor sets up his temporary electrical system, hoist and com-

preswrs.

2. Excavate the shaf t collar ares to a minimum depth of 14 fet t using

either a clamshall bucket or bachhoc equipment.

3. Install the concretc forms and rebar for the shaf t collar.

4. Pour the shaft collar.

Commence the actual shaft sinking at a 16.5-foot diameter excavation5.

sire and establish a drilling and blasting pattern, depth of round,

etc. while mucking with a clamshell shovci, The 15-inch shaf t con-

crete lining is poured concurrently uith the sinking operations and
Theat pour hefghts suitabic for the ground conditions encountered.

shaf t valls through any probicm areas are shotcreted as necessary

prior to cencreting to insure a safe and efficient sinking and lining

f operation.

Ef ficient use of the clamshell for muck removal will probably
>

|

be in the range of 50 or 60 feet. When this operation becomes
,

O
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inefficient, then a sinking headframo, hoist and sinking htteket are

installed ard used.

Ventilt tion for the sinking operaticn is established with

tubing and a positive blowing system. Later on, when at a deeper

depth, it will be more ef ficicut if an c>haust ven*'ic* ion system
ris used for c1 caring the blacting fumes from the si.c + octtom.

6. Install a miltidech sinking stage uith it a hoist. These are then

used to completc the shaft sinking. Use of the cultideck stage

allows concurrent pcrformance of ccveral tasks such as drilling

and mucking on the bottom while forming, pouring or stripping forms

for the shaf t liidng or uhile inctalling shaf t sets and guides.

7. Conncnce inctallation of the chaf t sets and gu*dec.

8. Resona rhnft cini.Ing and installation of the concrete lining, rhnf t

sets and guides through the upper lined scetion of the shaft.

Continue instal]r. tion of the shaf t lir.ing through all the

potential water bearing zones and into the Salado Formation until

a competent for:ation is reached that can be used to ef f ect a water

tight seal. Based on presently availabic information there will be

several anbydrite beds near the top of the Salado Formation which

The bottom of theshould be good candidatcc for this purpose.

lining is formed and keyed at the selected bed so as to provide a

bearer set for the shaft lining.

At this time, the only knorn potential fluid zones are the

Magenta and Culebra Dolomites in the Rustler Formation and, possibly

a zone at or near the contact between the Rustler and Solado Forma-

The suggested grouting procedures to be used, if required,tions.

O
-

|
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C) a,c sh,wn n sheet , ,f ,, awing s,,s. ,45,3 and ,45, .

9. Continue sinking of the shaf t at a 15.5-foot diameter to about 15

or 20 feet below the anticipated floor <1cvation of the TRU Level

to minimize floor damage and also to allow cxamination of the

bedding to determine the final. mining hc rizon. Further, this also

reduces the possibility of blasting damt.cc when sinking is resumed.

Shaf t sinking through the salt is t ot expected to present any

ground problems. However, there r.sy be sections where ciltstone-

and shales precent loonc ground conditions as sinking progresses.

Should this condition develop, roof bolts and cyclonc screen are

uned for securing the shaft valls. If s'cemed advisabic at the time,

spr.9y-morter, i.e. gunite or shotcrctc, is also applied to prevent

further air clachirm of the shale members.

Excavation of the station can be started by using the work deck

as a drilling pintform with the broken muck going into the vacated

shaft opening. As this station is relatively small, both in cross-

section and icngth, it can be mined rather casily off the shaft.

Connection between the station and the remainder of the TRU-

Level is made from the icyc1 itscif.

10. Upon completion of the TRU station, excavation of the concrete

station sill is completed, then formed, and the concrete poured.

11. Resume shaft sinking operations to the Rll Level at an excavation

diameter of 16.5 f eet.

12. The Ri! Level station is excavated following the same procedure

as that in Step 9 for the TRU Level Station.

13. Excavate, form and pour the Ril station bearer.

90029310

w !'
-

.

aiii
'

--- _ _ _ _ _ _ _ _ _



_

.

14. Complete t he shaf t bottom.

15. Remove chtft oinking equipment, temporary utilitics and ventilation

equipment from the chaft.

|16. Install the chaf t conveyances.

17. Remove all of the shaf t contractors chaf t equipment from the job

site,

i

e
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Hoist Time and Motion Studies
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TRU SHAFT HOISTING TIME MOTION STUDY

A TRU Shaft hoisting cycle was developed for the conceptual
design. A brief description of this hoisting time-motion study
follows.

A one-shift-per-day operation of 8 hours that includes a 30-
minute lunch period and two breaks of 10 minutes each was used.

() It was assumed that preventive maintenance would be performed
at the start of the shift and during the lunch and rest breaks,

with major maintenance done on the weekends or back shifts. A

hoisting speed of 500 fpm with an acceleration of 2 fps and a

retardation of 2.5 fps was assumed. Allowance was also made2

for a 2- s creep time during acceleration and a 4 s creep time
during retardation.

A test run by an empty cage will be made through the shaft
from the collar to the underground station and back each day be-
fore loading. This will be required after an extended lapse in

O hoisting (overnight or weekends) and after any repairs to either
the cage or the shaft. Safety regulations do not require it,

but because of the type material handled, such a test run is
advisable.

At the start of the shift the cage will be in a released

position just below the collar to prevent access to the cage with-
out first notifying the hoistman. The cage is set on the collar

landing chairs and the hoistmen and cage ' tenders then routinely

|
check the equipment before beginning operations. This, unlike

the cage test run, is required at the start of each operating() shift, regardless of whether the operation is on a continuous
or intermittent basis. Typical landing chairs as conceptually
designed for the TRU Shaft are shown on Sheet M3 of Drawing No.
945 .

Moving the cago off the landing chairs initiates the test
run cycle that ends when the cage is returned to the landing
chairs on surface. During the check of the shaft equipment on
surface and also during the test run cycle, the loading crew

90029313 ,
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performs routine equipment checks and then prepares the first
load to have it ready for the first lowering cycle whenever the
cage is ready. At the end of the shift, the cage is left in

the released position. If the shaft operation is on a single-

shift basis, the cage is then ready for an emergency situation.
If the operation is on a continuous basis instead, no access to
the cage is possible during the hoistmen's change of shift. Our

analysis for the operation of the TRU shaft hoist over the period
of one whift is summarized in Table II.2-2. |h

Morning and afternoon breaks, in addition to a lunch period,
have been excluded from the time available to lower the TRU waste
containers, as has the time needed for a shift wrap-up. These

times, by proper planning and scheduling, can be used for minor
equipment maintenance and repair with scheduled premaintenance
and repairs on weekends. For maximum efficiency, the working

hours for all personnel involved in the underground waste handling
system must be carefully scheduled, both underground and on the
surface. Scheduling the start of the underground work shift for
later than those on the surface is recommended to allow an even
flow of material into storage.

No additional time has been allowed for unforeseen delays

in the cycle analysis. There is a small amount of conservatism
in the estimated times allowed for the various tasks such as
signaling and the opening and closing of doors, chairs, etc.
Staggering breaks and rest periods for personnel can also provide
additional time and an additional measurement of conservatism.
For the purpose of the conceptual design, it is felt that this
degree of conservatism is proper. Further definition of the tasks, gg
especially the loading and unloading tasks, will allow further
refinement of the time cycles. .

|
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TABLE II.2-2

SUMMARY OF ONE SHIFT'S OPERATION
FOR TRU SHAFT HOIST

Function Time Allotted (Minutes)

Equipment Check.................................... 15
Shaft Test Run .................................... 12() Morning Break ~..................................... 15
Lunch Break ....................................... 30
Afternoon Break ................................... 15
Shift Wrap-Up ..................................... 15
Load Cycles (14 Trips @ 27 min. 00 sec. ea.)....... 378

Total Time 480 min = 8 hrs...........................

CYCLE BREAKDOWNS
:

Shaft Test Run Load Cycles
Action Item Elepsed Time Action Item Elapsed Time |

Min. S Min. S

() Signal, Holst 0
'

05 Open Cage Doors 0 - 15-

Hoist Cage off Chairs 0 - 03 Load Cage (incl. secur-
Signal, Stop 0 - 02 ing load) 8 - 03
Release Chairs 0 - 05 Close Cage Doors 0 - 15
Signal, Lower 0 - 05 Signal, Hoist 0 05-

Lower Cage to Station 4 36 Hoist Cage off Chairs 0 - 03-

Signal, Stop 0 02 Signal, Stop 0 - 02-

Inspect Cage 2 - 04 Release Chairs 0 05-

Signal, Hoist 0 05 Signal, Lower 0 05- -

Hoist Cage to Collar 4 - 36 Lower Cage to Station 4 36-

Signal, Stop 0 02 Open Cage Doors 0 15- -

Set Chairs 0 - 05 Unload Cage, Load Empty 8 - 03
Signal, Lower 0 05 Close Cage Doors 0 15- -

Lower Cage onto Chairs 0 05 Signal," Hoist 0 - 05-

Hoist Cage to Collar 4 - 36

O. Total Elapsed Time 12 min. Signal, Stop 0 - 02
Set Chairs 0 - 05
Signal, Lower 0 - 05
Lower Cage onto Chairs 0 - 05

Total Elapsed Time 27 min.

3
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RH SHAPT HOIST TIME-MOTION STUDY

An RH shaft hoisting cycle was developed for Lhe conceptual j

design. A brief description of this time and motion-study follows.

A single 8-hr daily shift was assumed, with a 30-minute
lunch and two breaks of 15 minutes each (one in the morning and
one in the afternoon). It was assumed that preventive maintenance |

would be performed at the start of the shift and during the lunch
hand rest breaks, with major maintenance on either the weekends

or the back shifts. A hoisting speed of 500 fpm with an accelera-
|

tion of 2 fps and a retardation of 2.5 fps was used. In addi- |2 2

tion, an allowance was made for a 2 s creep time during accelera-
tion and a 4-s creep time during retardation.

A test run by an empty cage will be made through the shaft
from the clean cell on surface down to the underground transfer
cell and back each day before loading. This procedure will be

required after an extended lapse in hoisting (overnight or week-
ends) and after any repairs are made to either the shaft or its
conveyance. Safety regulations do not require this, but con-
sidering the nature of the material being handled, such a test
run would be very advisable.

At the start of a shift, the cago will be on the landing

chairs at the clean cell. A brief equipment check is then made
before commencing operations. This, unlike the cage test run,

will be required at the start of each ' operating shif t irrespective
of whether the operation is on a continuous or intermittent basis.
Moving the cage off the cican cell landing chairs initiates the
test run cycle that ends when the cago is returned to the clean |h
cell. During both the surface check of the shaft equipment and
the test run through the shaft, the loading crew will perform
routine equipment checks and then prepare the first load so that
it is ready for the first cycle when the shaft conveyance is ready.

,

Our analysis for operating the RH shaft hoist over one shift is sC)
~

summarized in Table II.2-1. ses

In our analysis the morning and afternoon breaks, the lunch f(}
C)period and the time estimated to be necessary for a shift wrap-up Oo
CT'

,

.

.
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O
TABLE II.2-1

SUMMARY OF ONE SHIFT'S OPERATION
FOR THE RH SHAFT HOIST

FUNCTION TIME ALLOTTED (MINUTES)

15Equipment Check...............................
14Shaft Test Run ...............................
15Morning Break ................................

O- 30Lunch Break ..................................
Afternoon Break............................... 15

30Shift Wrap-Up ................................
* Load Cycles (25 trips @ 14 min. 00 sec. ea.).. 350

469 = 7.8 hrsTotal Time .....................

*25 trips of the cago per day is 15 more than required with the
current surface hot cell design, but will allow for further
expansion.

CYCLE BREAKDOWNS

Shaft Test Run Load Cycles

Action Item Elapsed Time Action Item Elapsed Time
O Min. Sec. Min. Sec.

Signal Hoist 0 - 05 Load Cage (incl. 0 - 30

Hoist Cage off Chairs 0 - 03 securing load)

Signal, Stop 0 - 02 Signal, Hoist 0 - 05

Release Chairs 0 - 05 Hoist Cage off

Signal, Lower 0 - 05 Chairs 0 - 03

Lower Cage to Station 5 - 00 Signal, Stop 0 - 02

Signal, Stop 0 - 02 Release Chairs 0 - 05

Lower Cage into Signal, Lower 0 - 05

Transfer Cell 0 - 33 Lower Cage to
Check Cage 1 - 00 Station 5 - 00

Check Turntable Signal, Stop 0 - 02

Operation 1 - 00 Signal, Lower 0 - 05

T Signal, Holst 0 - 05 Lower Cage into

{'/ 00 Transfer Cell 0 - 30Hoist Cage 5 -

s.
Hoist Cage into Clean Unload Cage in -

Cell 0 - 33 Transfer Cell 0 - 26

| Close Landing Chairs 0 - 15 Load Empty Cart

Signal, Lower 0 - 05 onto Cage 0 - 30
j Lower Cage onto Chairs 0 - 07 Signal, Hoist 0 - 05

H
Total Elapsed Time 14 min. S g al S op 0 - 0

Signal, Hoist 0 - 05

|
Hoist Cage into

Clean Cell 0 - 26
'

Signal, Stop 0 - 02
' Close Chairs 0 - 15

Si "" '"" - 5

C) 0029317 S '
Lower Cage onto

Chairs 0 - 07''

L Unload Empty Cart 0 - 30

v| Total Elapsed Time 14 min.

|__ -__ -_____-__-_ _-_____
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at the end of the shift were excluded in determining the number
of waste canisters requiring movement per conveyance trip. These

times, through proper planning and scheduling, could be used for
minor equipment maintenance and repair with scheduled premainte:-
nance and repairs performed on the weekends. No additional time
was allowed for unforeseen delays.

There is very little conservatiem in estimated times allowed
for tasks. Staggered breaks, lunch and rest periods for personnel
could provide additional time and thus an additional measure of h
conservatism. For the purpose of the conceptual design, it is
felt that the degree of conservatism utilized is proper and not
overly estimated. Further definition of the tasks will allow
further refinement of the hoisting cycles.
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O
MINING SYSTEM ANALYSIS AND EQUIPMENT DESCRIPTION

Within a hydrostatic stress field, mine openings having an
aspect ratio other than one are more stable when they are of an
ovaloidal shape. Underground openings mined by boring machines
tend to be more stable than those mined by conventional drilling

and blasting methods because the shock that results from blasting
O tends to fragment and fracture the ground surrounding the opening.
U For these reasons, boring machines were selected as the best

method to mine the underground openings at the WIPP facility.

To have an opening with sufficient width but without exces-
sive height, an elliptical, ovaloidal, or rectangularly shaped
opening must be used. Of these three configurations, the ovaloidal

shaped opening is the most practical selection because it allows
a conventional roadway, which an elliptically shaped opening will
not; and it will definitely be more stable than a rectangularly

shaped opening.

O A variable-height, three-bladed twin rotor, boring type of
continuous miner was selected. For this analysis, 78 different

room configurations and sizes were investigated. Taking into

consideration the possible storage configurations that were

practical for the TRU waste containers, these 78 opening config-
urations were reduced to 21 possibilities. Of these 21 possi-

bilities, only 7 remained suitable after considering the require-
ments for closure resulting from stress-induced creep of the salt

strata.

The final 7 candidate opening configurations were then

compared on the basis of the areal extent required for the TRU-
level mining horizon, mined tonnage required to obtain the volumes
necessary to store the containers, storage room length, service;

| life of the openings, number of cutting passes required to be made
- per opening, and the efficiencies of utilization for the spaced

l I' mined. From this comparison, a machine size was selected that

i-

90029320
Y.f '
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allowed cutting an opening 10 ft. high by 18 ft. wide with a

13.5-ft. roadway in a single pass. The actual opening sizes
'

selected were a three-pass-wide, two-pass-high opening (16.5
ft. high by 45 ft, wide with a 40.5-ft. roadway) for the storage

rooms on the TRU level. An average mining capacity of 450 tons

per machine shift was used for the conceptual design.

All of the underground openings mined by the continuous
miner are advanced in a stepwise procedure with the miner first

advancing along the right-hand side of the opening, cutting as *

it moves forward. The miner advances for approximately its own

length and then backs out, moves 1J.5 ft. to the left, and ad-

vances the second pass of the opening to the same depth as the

first. When necessary, such as for the storage rooms on the TRU

level, the machine then backs out from the second pass and pro-

cceds to cut a third pass. Upon advancing the fine.1 horizontal

pass to the same depth as the first, the miner moves back to the
right-hand side of the opening and repeats the r.dvancing process.

In the TRU-level storage rooms, it is Decessary also to cut

a lower second vertical pass. This lower vertical pass is made

in the floor of the first vertical pass and after the first ver-

tical pass has been completed for the entire room length.

The continuous miner selected consists of two sections, the

cutting and conveying mechanisms that are joined together and
connected to the main frame, and the tractor frame tramming unit

assembly. The main frame carries the rear thrust posts and serves

as a mounting structure for both the rear trim cylinders and the |h
conveyor lift cylinders. The front thrust posts are integral with

the rotor-drive gearcase. The tractor frame supports the entire

weight of the machine and transfers this weight to tractor treads
through bogey wheels in the track assembly. The weight of the

rotor drive gearcase, conveyorassemblyandmainframeissupported[[]
by the tractor frame through the front and rear trim cylinders sei

Ch
N
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that provide for complete control of the cutting mechanism posi-

tion regardless of the seam orientaeion. The thrust of the tram- 1
1

ming mechanism is transferred to the cutting elements through

the thrust post on the rotor-drive gearcase. The miner uses

three electric motors, one for each rotor, with the third driving

the hydraulic system pump.

- Each rotor contains three arms that are extended

and retracted by a ball-screw mechanism. The two rotor assemblies,

on which the tool holders and cutter bits are mounted, are driven

through the rotor-drive gearcase. Trim-chains and cutter bars are

used both on the top and bottom of the machine to trim the area

between the rotor arm assemblies and also to extend the opening

roadway width.

A conveyor passes through the machine and conveys the material

excavated out to the back of the machine. This conveyor is loaded

by gathering arms located on an apron at the front of the miner.

.
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Fenix & Scianon, Inc.

Pont Offico Box 15609 ffM!X & %IS 7)M,|NC. Process MachineryTulsa, Oklahoma 74115 Divlslon
ATTENTION: HR. OfX)RGE SCHAEFER PO Box 383

MnIwah* , WI 53201

SUfuECT Hoist Estient en 414/744 2345
TilEX 2 6601

Dear Sir

The following information will confirm what was provided to you
via our phone conversation of 1/4/778

HOIST DATA
T

DESCRIPTION PRODUCTION SERVICE PRU SHA)7 RH SHAFT ESCAPE

TYPE HOIST D. D. S. D. S. D. S.D. S. D.

DISTANCE (PT) ?100 3000 2700 3000 3000

TPH .OO N.A. N.A. N.A. N.A.'

SAFETY TACTOR 5 5 5 45 5

ACC (f7/Src )
.,)

1 2 2 2 2

arfARD (PT/SEC" 2 2 2 2 2

CREEP (SEC) 6 8 8 8 8

REST (SEC) 22 30 30 ?O 30

O SKIP CAGE 1hAD (TON) 13 12 12 5 12 5 10 1

VELOCITY (FPS) 28.72 8 33 8.43 8.33 8.33
SKIP (CAGE) M:". (TON) 9 84 9 37 15 75 0 75
ROPE (INCH) 2.0 1.875 2.125 1.625 0 75
DRUM DIA (INCH) 160 150 170 1 30 60
RMS !!.P. 1859 188 308 723 87
PEAK H.P. 3120 ?87 765 961 133
MOTOR H.P. 000 LOO 400 700 Hyd. Drive
# OF HOWHS 2 1 1 1 1

1 LAYER WIDTH (INCH) 174 188 178 18* 165
NORM CWT (TON) N.A. 15.62 21 25 N.A. N.A.
MAX. IDi.D (WN) N.A. 10.00 N.A. N.A. N.A.
H A". CW'" (TON ) N.A. 18.87 N.A. N.? N.A.
ESTIMATED COST 81,20?,000 5568,000 S644,000 $567,000 $215,000

We hope that thin information will be of une to you in your work, nnd ir any
quentiono nhould arise, pleane do not hesitate to call. The delivery that can

(CONTINUED)
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' a v r, c t a : t ''or the 1mtle t: etft hoist is 18 20 montheron all the other
h "i n ' .1, approximnt ely I? mout hn. The estimated cor.ta indicated shove
i ;cin to tha h9ict mech mienle and t he drive equipment.-
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February 28, 1977

' ' rCbbON* lbb- Process MachineryFenix & Scisson Inc.
$805 East Fifteenth Street Division
Tulsa, Oklahoma 74112 PO fku 183

Milnwdee. WI $3201
ATTENTION: MR. GEORGE SCHAEFER IILIx 2 W i

Mi tJ. , 414 6a :

SUBJECT: Hoist Estimate
RE: Your Letter of 2/9/77

Dear Sir:

For purposes of hoist estimating your items A through F inclusive
are part of our hoist estimate you received on 1/7/77. Under the
paragraph titled " Production Hoiat", the 3000' hoisting distance
and the 3100' hoisting distance, we calculated would result in the
same estimated hoist. The drum of 160" shown by us is with one layer; if
you desire 96 inches, that would be in two layers with no change in
the estimated cost. All other items in this paragraph are included

in the estimate.

Under the paragraph entitled " Service Holst" please find the following

HOIST DATA

DESCRIPTION SERVICE HOIST TRU

TYPE HOIST Divided S.D. S.D.

DISTANCE (FT) 3,000 2,300
SAFETY FACTOR h.6 $

2 2 2

ACC (PT SEC ) 2)RETARD FT/SEC 2 2

CPIEP(SEC) 8 8

REST (SEC) 60 300

CAGELOAD(TON) 12 5 12.5

VELOCITY FPS} 8 33 8.33
CAGE WGT TON) l$ 15

R0PE(INCH) 2 2

DRUMSIA(INCH) 160 160

TOTAL MOTOR H.P. $00 800

FACE WIITfH (INCH) 97 15$
TON 21.29 N.A.
TON))

NORM CWT
19 N.A.MAX IDAD

MAX CVT (TON) 2h.$ N.A.
ESTIMATING COST $63h,000 $718,000

(CONTIIMED)
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Under paragraph TRU Shaft and in regard to your questAun, N E E/2 E O L cia
inourletterof1/7/77isasingledrumhoistwithtworopes. If the second
rope is a problem, why not go with an "out of balance" conditlen and eliminate
the second rope and counterweight. The hoist that would meet this requirement
is shown above and is much loss expensive than a two drum arrangement.

Paragraphs "RH Shaft" and " Escape Hoist", please find the following:

HOIST DATA

DESCRIPTION R.H._ SHAFT ESCAPE HOIST

TYPE HOIST Unbalanced S.D. Unbalanced S.D.

DISTANCE (PT) 3000 3000

SAFETY FACTOR b.5 5
2 2 2

ACC(FT/SEC)2
RETARD (FT/SEC) 2 2

CREEP (SEC) 8 8

300 300

REST (SEC)(TON)CAGE LOAD 12 5 1

VELOCITY (FPS) 8.33 8.33
CAGE WGT (TON) 9 375 1.h
R0PE(INCH) 1.75 0.75
DRUMDIA.(INCH) 140 60

TOTAL MOTOR H.P. 700 100

FACE WIDTH 95(2 layers) 56(3 layers)
ESTIMATED COST $592,000 82b5,000

The hydraulic escape hoist remains as shown in our 1/7/77 letter at an estimated
$215,000.

All estimated costs are considered as of April 1, 1977 including thoce provided in
our January 7, 1977 letter.

We will be sending the mechanical and electrical components dimension data in a
few days when they become available.

We trust that this information will be of use to you in your work.

Very truly yours,
-

/

William F. Brown
Senior Sales Application Engineer
Rexnord Inc.
Process Machinery h vision
Mine Hoist Department

cc: T. Armesy

B. Elsner
,' !

O
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