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'WIPP SITE POPULATION

BUILDING OR AREA

Shift Shift Shift

1 2 3
Administration , 80 2 2
-Control/Computer 10 3 3
Security - Gate House (Site Entrance) 2 N 1 1
- Security Office & Gate House
(into B area) 6 2 2
- Fire Protection ' 1 Al 1
- Security Control Center : 2 2 2
- First Aid 1
Warehouse 4 - -
<'Sewage'Treatment ' 2 - -
Water Tréaﬁment 1 - -
Tfuck Drivers ‘ 4 - -
l Railroad Personnel 3 - -
Motor Pool : 3 - -
Waéfe Tfeatment Area (Site Cenerated) |
- Ligquid } | 2 - -
- Solid ' ’ :
- Laundfy 3 o - . -
TRU Waste Building
| - Administrative/Supervision 6 - -
- Inventory/Inspection ; 3/6
- Waste Handling Personnel
- Health Physics - 2 - -
- Forklift/Equip. Operators 14 - -
- Waste Handlers/Repair 4 - -

TOTAL 159 11 11



WIPP SITE POPULATION

BUILDING OR AREA (Contd)

-Container/Vehicle
Preparation

- Floaters

~ Hoist Operator(s)
- Health Physics Lab

RH Waste Building

- Administrative

Inventory
- Waste Handling Personnel

- Health Physics

- Cask Handlers

- Cask Preparation & Decon
- Waste Handlers-Remote

Hoist Operator(s)/Crane Op

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

Grounds - Landscape
Area clean. (roads - tracks - tailing
' area)

Janitorial (Office - labs - shops)

Power Plant (not coal)

General Maint. (total 8)
Plumber
Carpenter~painter
Electrician
Air-Cond. & refrig.

Lube & P.M.
Helpers

TOTAL

shift
1

Shift
2

Shift
3
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WIPP SITE POPULATION

BUILDING OR AREA (Contd)

Shift Shift shift ~

1 2 3
Vehicle Maint. - (Motor pool - forklifts)
(Mechanics, lube, hydraulics) 3 1 -
Machinery Maint. (above ground machinists
and millwrights) 3 1 -
Mine Mach. Maint. (below ground) 6 -
Man/Materials Building |
- Administrative 2 - -
- Health Physics 1 - -
- Ssalt Disposal 4 - -
- Hoist Operator(s) 2 - -
Mine Personnel
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 39
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Remote Handling 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 RESULTS, CONCLUSIONS AND RECOMMENDATIONS:
Current plant capacity requirements will probably require the transporta-
tion of three high level waste canister at a time to the mine. It is, therefore,
conceivable that three canisters could be in the hot cell 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 | o DOSE RATE (mR/hr)
41t - 5/6 £t - 4 ft -
ordinary ordinary " Barytes
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 B

Neutrons 0. 645 . .

(2) Single canister being |
handled in front of
viewing window

Primary gamma 162.0 - " 0.02
Secondary gamma ' 1. 43 A - -
Neutrons 0.143 - -
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CONDITION DOSE RATE (mR/hr)
41t - 5/6 ft - 4ft -
' ordinary ordinary Barytes
- ; concrete concrete concrete
\ :
(3) Dose from open loaded
shipping cask
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
radiation levels to within allowable limits but would tend to increase the
cost of the viewing windows. Four feet seems to be a practical shield
thickness.

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 negligible.

Again as expected, dose rate from fuel stored in the hot cell storage ports
calculated at the side of the storage monolith was negligible. A shield
thickness of cight feet was assumed for these calculations.

ADDITIONAL WORK: Additional shielding calculations will be performed
at a later date to determine the dose rates in the cask preparation and
decontarmination areas due to streaming through the shield plug when the
plug design is completed. These calculations will determine the design of
the isolation doors on the transfer passage. If the floor of the hot cell
over the transfer facility is constructed of ordinary concrete, there will
be an additional contribution to dose rate which will be included in the cal-
culation. '
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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.

(1)

(2)

DISCUSSION:

BUILDUP FACTORS: Dose buildup factors were calculated using two
formulas; one from Glasstone and Sesonske (paragraph 10.70 and also
in the Handbook, Vol. III-B, page 115) and the second taken from
Reference (b).

Although 0.8 MEV monoenergetic gamma radiation was assumed since
no gamma cnergy spectrum was specified for the high level waste,
for 0.5 MEV gamma was assumed to add a degree of conservatism.

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

G&S 43
H&N 8200.1 89.5

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

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

(a) Line source geometry was assumed.

-(b) Average gamma energy of 0.8 MEV was assumed.

(¢) An energy flux (MEV/cm /sec) was calculated from the dose
rate data given and Table 9.2, Glasstone & Sesonske.

(d) An equivalint line scource flux (MEV/cm/sec) was calculated,
using the geometry of a cylindrical 16 in. diameter X 10 foot
long H. I.. waste cask. The area of the cylinder ends was
included to produce as high a line source flux as possible.
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(3)

(e)

The equivalent dose rate was at a distance of 10 feet in
air.

The results are listed as follows:

Source Basc Rate (mR/hr) @ 10 ft
3
Sandia Data 6.5X10° 3
Line Source Calculations 3,72 X 10

These results showed good correlation with Sandia data and
verified the usc 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.

ASSUMPTIONS: The assumptions made in the calculations had some

conservatism included in their selection. These factors are sum-
marized as follows:

(a)

(b)

(c)

(d)

Monoenergetic 0. 8 MEV gamma. According to H&N 8200.1,
most of the gamma energy in one year old HTGR spent fuel
is 0.8 MEV gamma,

Buildup factors were conservatively calculated. See previous
discussion.

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

.083 cm—'l

Neutrons 1
126 em

Gamma

1}

i

Line source geometry calculations were modified by:

(1) Multiplying calculated result by 2,

(2) For three canister calculations, line sources were
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.
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COMPARISON WITH PREVIOUS HOLMES & NARVER WORK: 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 HTGR fuel assemblies was also used in 8200.1 but
was not needed in this study.

PRINCIPAL REFERENCES:

(a) Nuclear Reactor Engineering, S. Glasstone, A. Sesonske.

(b) HTGR Reactor Service Building Alternate Fuel Handling and

Storage Study 3000 MW (t) Reference Plant NSS - 3200.1- August
1974, Holmes & Narver, Inc. _

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




HIGH LEVEL/INT. LEVEL SOURCES

CASK WT WATT DIMENS, X SURF X10'¢ WSURFACE ww & 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 HI 7000 230  2' X 10! 5000 400 1.5 0.1
(RAIL)
NFS (INTER) 7500 110 4' X 4t 700 30 . .
(TRUCK)
AGNS INTER 15000 220 4! X 8' 700 60 - .
(TRUCK)
AGNS IL 15000 220  4' X 8! 200 60 - .
(RAIL
5
HL (TRUCK) 3000 3500 16" X10' 1.3 X10° 6.5 X10° 33 | 1.6
HL (RAIL) 3000 3500 16" X10' 1.3 X 10° 6.5X10° 33 1.6 8

Attachment 1

2 1Y
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Krume E: 20 {h

Wz 0,50%83+20%2.0 = 212t
We= 0.3% % 3} . |06 %
‘Period o \/vkro}mn

“dina’  $: 0%
£ = s%wn— 5% - 0.4 <
= ( )( 5;\ N %00 y1.0 .o i
Equiv, Stahic load pe o (Assumed )

_ ATV [ L Tx 4417/ : 7.0
T4 ———v vy ypers ns\/(awo) )
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TRU -WASTE. BUILDIMG
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-0.1 (& - o, .
e — @ Zo. —.0——2- @ .8 " .
gL 5) <01 .3 _J
. )
2= .82 Q. wmp.
® / ® DIRECTION

PRESSURE. COERRICIENTS Cp § Cpe

1 LA S o

Neleedy Premures ¢ = 0.00156 V5 Ve300 mph %a.oomquio-o"- 130 paf

PRE“HURES On BUILDING SURFACES

WIND
srface | (ol C Cpi c Cp | Cps :
Ue. v | §Cp Cve fCpi| P op | q6Cr | Croe |fmCe= P
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HOLMES & NARVER. INC.

Wall tod‘mj So.| Pv'tsw?eﬁ
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CHECKED OATE ENGINEERS—CONSTRUCTORS Jos No.
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T -WASTE BuilDiv &
Side Wall loeds
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Mechanical Calculations
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| TRU
fCoSf‘ of f/ﬁ&f(/c,/'?l/ |
Assvome .o/(p/A’WI + 4-50 /emanc{

Ackoal demand = 4/0 Kw
70 o/ vseage = 4970, 42 Kwh

4/0 X 4-5x 12 | |
| = : = .0
Demand charge e er C. /é//g.;
| | o

-+~

b tal Césf/(‘wﬂ ,725’24

Cosf/MBfl/ = %;;}“‘X 027 2 & = £, 95



Cost of E/ecllh'c_»'}y CP/* X/é)
/955(/@-6' ¢ . ,0/6/€wH +4-J'DA z/emml ch,,/g
/)cﬂa,/ 6/8»&“«,/ rale = /3/ Z05.;7

Tot/ vsage = $95 656 %1/ = 9%5,22)

Derand CA.qrje = 277 xd5x2 o /)izy
. 9735, 22/ . 06
76)4!/ -Caff/KwH ' o L0273
/, 00,000 »
Cost /mBIV = i X 272 = 7. 777

50



Cost of Electricity (Aduin Bldy on)y)

Assome : .0/6/(1./}-/ + £.50 /Huuu//a/qyfc‘f

/A

/407104/ &/em amﬂ r-'n. ?Lc‘

Jote/ vsage AR 3 = 227,99y KwH
A//& = ff7) 047 KwH

avera]p = 642 422

e

176 x 4.50 x/2 . L0)4%

‘ ﬁmw Cer]? R =

642 422 .- |
| I
ot/ cos/-/klvf/- = .030%

|

—

| | . oy -
Gsv‘/%?’v s ——1”51',’3"/ ¥ 10308 = 7.0243

Sqo‘/ﬂ’ /45$/'.s7(."‘
200 pawels € 306 %2 = V/ZZ,M

(;la. ;U/pﬁz /36 x /07 6’7”//;—:)



[ owvw(n/

Zauuc[v/ A{W Ener))/ u.(é’

30 KW X5 hr. = 132 KWH/day
(Q 30 KW demand

Co_,f?‘l a'—)[ e/,"c/k,'c.f)[/ — 016 kwhH+ 4.50 49%.( |

’{CNMQ 30 Kk/ | ?éA'/ u}a,l = 37,50‘0
Demard chavge 30 4:5%X1Z 0432
| 0lé
hta] cost/xwH 0,0572

Cost/pmpry = oy ¥ 0892 = [7. 345

———

| R »
Solar pmp/s — J0 ® 306 x2= /3,360 +200/)p smuiat.
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FUEL CoN SUMPTION
DIESEL GENERATORS

2000 KO @ATED MACHINE |S RATED AT
200 &P . FROM PROPOSAL DATA SUPPLED
By STEWART S STEVENSEN THE FUBL

(onSomPTON  will BE 0.404 LB/BUPHR

& CONSOD MPhOLy Qe = 2600 BHP ( 404 LB/BHP-HZ>
= 1454 4 1B/vE

CONSUMPTION / DAY = 245% ( '4?4.'4 _L,PB
o DAY HE
DAY

? eeneeaoes = 69,812 LB
DAy

CAPACITY N GALLONS ASSUMING No.2 FpuEL O\WL
APT = 26 A=) LB/é,Au_oM

GALLEONS /DAY= 69,811.2
7.5
= 9308 e.ALLous/D,w
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3/22/77
@
7 DAY FueL subpy= T1(93c2 S:PDB
| = 651% uuons
[PegQuide 1.108
L‘(&MJ(Q’V\TW (’7!5) 923 Zlé( - 323f77 ®
Bo.wﬂ o conversidicn. u,ﬁ:@& Pa@efa?'ﬁmae
NBC - 168 Mm

o the coda w@«wﬁ\m
\68(&9«&/\ &cxd.w.u_,%

ond Bt The sinn mgug
{’mloo 000 ®

M%MW
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MEC(—!Au LCAL _Svs-reus

STAUDBY GEMERATOE EADIATOR Ae Flow

FRoM sqau,kzr‘% STEVENS CATAMLOS, HEAT
CEAERATION RATE & SO BTU/MIN /w

MACHING BATING = 2600 K
2o B = (50 BTU/MI ) 2600 KU
= 130, oo BT
= 7,800, ole's) BW/}-Q’E,/MACQ_\,'UE.

AE FLOW BASED ol BO°F AT
Wil BE 2, 4000 FU

RBUILDING OPENING SIZE BASED o 2000 FPM
JeELOGTY wiLL BE 1|20 =~ /@Euezmerz



ADDENDA

WIPP CONCEPTUAL DESiGN

HigH LEVEL WASTE SHIPPING CASK
COOLING SYSTEM

DES IGN  CALCOLATIONS

k\ouuesé Naever, Ine.

<7SE
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ERDA RIGH LEVEL yASTE - MULTIPLE CANISTER CASK

INPUT <5LA u4o/50} ll—3o-76>

CASK s1ze (0 Diax (8 Long

GW = 0O Tous

CANISTERS - 7/ @ 10,000 LBS

THERMAL Power /casTERg = 300 W |
TOTAL THERMAL PoweR= 2I100W = 2.1 kw

* CASK SURFACE TEMPERATURE (AT RECEIPT) = 225°F
* " " " ( oesieeD) = 150°F |
. _ !
50 canisters/ we. = /7 sAv 8 casks/wk ~ 5“270/4914
ASSOMPTIONS

cAs¥ composmon  75% Leap

257 steeL
STEEL - LeAD
Ce aw/ua°F o .034
k. eT/Fr-ur-°F 20 20
P LB/FT3 488 108
WASTE COMPOS(TION IS ASSUMED TO

BE THE SAME A4S LEAD FOBR THIS CALC.

y ¥ 10-14-76 - W.WewAK.
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Vae f2d

DESIRED MINIMUM CooLDown TME s 4ues/cask

QALCULATIONS

PER W.WOWAK

® ®
Q‘"""’ ) AG"IS"F +AR

CAMISTER

EMERATION
au 4 HRS)

® ABqser - PVephT (é;)(g»)(ff%/) o
| = [:15+ous (zooo%)toazt) +25(zooc9(.n)]75
AQ,s =(S.l+35.5+3)755'ru = 71.95'%- 795,000

AQ1s
HR

195,000 /4 HRS
< 200,000 B4R
58.5 KW

AG.1s 2

e
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‘/23/747
@ AG cpn = Teans (300_09.
GEN CAN
= 2.1 kw

Q- ®-®
=585KkwW+2.| kW
Q =60.6 KW FOR EPDA WIGH WASTE

GOMMERQIAL HiGH (WASTE
Qx> lOOKW Froem cales BY . WowAk
on (0-14-76




Assy MPTl ONS

l. DuRING \m-nAL‘ COO-LDO»UL_JU)AFLOUJ FeoM
THE HoT WATER TANK 1D THE CASKS willL
BE BY GBAVITY oOMLY.

‘/3!/77

Y
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CALIULATIONS

DETERMINE WATER Flow RE&'D To INMALLY

CooL THE CASK VIA S VAPORIZATION
. OF ™ME HoT WATEE FE€ED TO STEAM

WATER. 1 THE TALK 1 weaTted To 400°F
BY AN ELECTRIC HEATER
T= 400°F
P = Z247.31 PsiA
he= 374.97 Bv/ie
hp{ 826. 0 "
‘/\3= |201.0 B

SysTEM SIZING will BE BASED ©onN cool DowN
oF COMMERCIAL HWl&H LEVEL WASTE. T 1S5
ASSUMED THAT CooLING TIME 1S LIMOED TD
Avoops . THE wCooLDeWN BATE 'S 100 KW
Peg CASK, WHIcH 1S 341,000 BTU/HZ
FoR PURPOSES OF THE CALCULANON M5
ASSUMED THAT THE CooLING 1S LINEAR — |.€.- THE
HEAT DREMOVAL RATE 1S A conSTANT 341,000 eTUu/Me
OVER THE 4Hou2 PeIoD IN QUESTION |
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SINCE THE FIBST PHASE como (4 e RASED

ON VAPOR (ZATON THE FlLOW RBEQUIRED
=Y

F= 241,000 BTV
HE

826 BTV B
F = 4131
- HR
= 49.5 aPH

_~ .83apm/ cAsg

ASSUMING THE CooLING TD BE Dx AUERAGE
DURING VJVAPDRIZATION <TLL REQUIREDS OMNLY
2.5 GPA Flow PeecAskK

PuASE Two (BolLNG ONDER REDUCED PRESSURE)
WIiLL BEQUIRE APPROXIMATELY THE SAME FLow)
AS DOES THE FIBSTU PRASE CoollNG.

pusse Theee (FORCED CONVECTION COOLING )
WILL REAUIRE A FLOW BASED oM THE FOLLOWING

WATER INLET TEMP. = 100°F h,:6797810/8
WATER. OUTLET TEMP. = 2[0°F lhe=178.0581
G.= 341,000 BTU/MR A= 110 BTU/LB —

Lt



i Yz [77

F= 34l,000 BV/HR
| 110 BTU/LB

= 3,100 LB/ue
= 370 GPH
6.2 6PM

COMMENT |
CASK COOLING N REPRoOCESSING

FACILITIES 'S BASED ©N REDUCING CASK
TEMPERATURES To THE LEVEL THAT
WILL NOT BESOCT 1IN BolliNg WHEN T™E
CASK. IS INSTETED (N THE FUEL STORRASE
Pool . WIPP (s RE&UIRED TD ool THE
CASKS FOB THE FOLLOWING REASONS
— TO REDUCE CASKE SN TEMPERATURES
T THE POINT WHEBE HANDLING 1S
SIMPLIFIED AND DAFEE C«ISO"CB’
- TD REDUCE THE HEAT LOAD AKD
RESULTAMNT TEMPERATURES TD whicH
THE THE HoT CELL AND ESUIPMENT Wwilll

BE exposSED.

roR PUBPOSES OF FURTHEE ANALYSIS 1T (S

. S
g ASSUMED maT IS TEMPEBATOEE 1 THE LIMITING
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Y21/27

FACTOR - THEBEFERETHE ARNALYSIS - ASIT 1S
BASED OM SKIN TEMPEBATURE REPUCTION
FEOM 225 TO SO°F |5 ACCEPTABLE .
THE FLOWD ABE ALSO ACCEPTABLE —
ASSUME A MAXIMUM OF 5 cosuné STATIONS
FOR HiGH LEVEL WASTE CASKS.
2o THE MAYXIMUM FLOWS FOR THE VARIOUS
CooLINGg PHASES wilL w»E

PHASE FLow(apm)
I 12.5
. i g 2.5
ji1s 3| o

ASSUMING DIVERSITY WiLL ALLOW REDUCTION
OF THE PHASE L FLow — THIS FLOW will
BE SET - AT 25 GPM BASED ON THE TROUGHT
THET OVER WEEKENDS, HoLIDAYS, ETC. WHEN
CASKS MAY BE CeooLED FoB LonGg PERIODS
OF TIME THE oUW HEAT TO B REMOUED
WILL BE THAT GENERATED BY THE WASTE,
THE cReK HAUING BEErl PREVIOUSLY OOLED
TD > PESRED 5O skl TEMPERATURE.
THE FLOW UNDER THIS CONDITION willL
THEN BE BASED od A Q oF 28¥W

4



1

FLow = 28w <34—IS BTY [H?.>
Kw -

0O BTU/LB
- 955Le
| HR

= 14 apPH
= 1.9apPM

5 CAsSKS= T.5aPM |
s SYSTEM coulD HANDIE 3 cAsks AT
 MAX Flow = |BbaPM, Two AT
MAINTENANCE Flow = 3.8af wimd A Z.66PM.
MARG (N — LT

8.6 MAX . o
3.8 MAINT,
7.6.  MmARGN
25.0 apM |
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SysTEAL Desien

] I}
+2
HoT —EL S (A

WATER
TANK

—C—— MAYIMUM FLow = 12.56PM-

o

TOoP oF & — .L_-a
CASK , ‘ l

eL-24 —

CASKS

FLOW FROM THE HOT WATER TANK. TO THE
CASKS wilL BE BY GRAUVITH ONLY - THE TANK
IS ASSUMED D BE LOCATED (0 TeE HVAC
AREA - AVA\LABLE PeESSURE HeAD = 32’
THIS S APPROXIMATELY |4 PsI- Tve AP
wiLL BE sPLIT 2 FoB LINE LOSSES

2 For controL — - AR = TPsT

For 2" Piee  \V?® 1.3 reer/seconDd

AReicrion ™~ 0.2P<L/ioo’
70
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For THE PURPOSES OF COMNCEPTUAL

- pESIGN -2 PIPE wiILL BE USED OB MATOR

S ECTIONS g
SysTEM Bearewes wrd | PIPE USED

FOR BRANCHES .

POMP SIzE = 25 arPmM
OUTIET PRESSURE = 300 PsTA

INLET™ PeESSURE = 4T PsiA

Her wAT'EZ—TZMK<MouJ A PRESSURE TMW-B

- ASsSUMING 5 CASK$ BEING COOLED (N
PARALLEL wiTH A MAK FLow TO EACH OF
2.5 aPmM ToTaL FLow = 12.5aPm.

| VOLUME

ASSUME ALSO THAT THE MAXIMUM HEvEL
VARIATION 1N A | e Period SHoulD NoT
BE MORE THAM 207 o OF THE VOLUME

s~ TANE size= (12.5 em) 60&._»_4>
. . MIN, e

20% fur
= 3T50aAL
T™IS 15 A LARGE VOLQKJ@QF WATER. TD
LAAIUTA\M &T A HiGH TEMPERATURE -- 40‘/0/;42
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wiLL BEASSOMED &IVING A VOLUME oF [T7564C
T™ME TANK wiLL BE SIZED AT 2000 GAL

SATA—TANK
LOW TEAMP RECEIVER
THE BECEIVER wWILL BE SIZED AT
500 GALLONS  CAPACITY

-TO BE CALCULATED
SL{ST?M COMDEM$EE AFTE R - sm B4

2ED o WE—BAS(S oF'— 5‘ CA$K'5 tAd

PHASE ING ~
41,000 BTU
e
= [,705,00Q e
\gw_
SAy 2,000, ooo Bw/c-uz :ba Destau

'pU 2POS€8

QATCH TANK _
- THE TANK. HAS A 2000 < -wAL_ QAPAC(T‘( ~
AN

72
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PARTIAL HEAT BALANCE AND CoMPONENT SIZING

© | |
R Assompmions: T,= 1S0°F }wm—z
© P~ 250PsiA

@% % Ts= 400°F EWATEE
! | Pso.-zso PSIA _
! Ty = 400°F }STEAM
b Qe P,¥ 250 PsiA
v 0ASK _ Ts ‘T:S- P4,= Pg ,
‘ Q. = 341000 BTU/HQ
VAPoRIZATION ' F=FlLow

ComponenT Desian Basis
T,- 380°F TcA0O°F
P.sP, R:Fi=ReRy- FdRfF,
oo Opg= 413 _:aga(h',aow,m)

- 4\5%353.45 ~111.89)
= 413 (235.56) |

Q2= 97,000 BTUMR RECOVERY

Q2.3= 4|5 LB/HZ-("‘J(OO* l’\,a o>
= 413(374.97-353 -45“3' ELECTRIC
= 413 (2152) o

Qs = 9100 BTU iR

3
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Feefes Q'z/ %g(my/%m =

=97, 0005]1)

. (314 97 -269. 59\) BIU
8Ll LB
= 97000 LB/H—K
93[ 4
Fg Fg \04'!._5/\,;2

- Fq= 413 - 104 B/HR
‘:1 309LB/H2,

F - 4BLB/MR

AG eor systEm= 341,000 - 97 0600 +9,100
- =244,000 em)/mz. REJECTED

il PHASE L To Al EXTERMAL
253,000

SYSTEM
53,000
_2&47600 BTUMR (5 CASKSB

CASK.
= |,265,000 BU/ue

Q COMDENSER ™

A 1,300,000 BTU/HR  MAXIMUM

THIS (sTHE PEAKL SYSTEM NEAT LoAD TO BE
CoOMNSIDERED FOR peTIECTioN T© ATMOSPHERE

AND TO BE CONSIDERED FO& ColsSERVATION.

79
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CAPALITY = Zooo A o
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(317
Her Watee Hesee. (sTeam)
Maximon Frow= 6.2 6PM

u

—

© AP=5esT |swewLdtuee \

Noemal Frew= 0.83 aPu STEAM | N SHELL
INLET PRESSURE= 260PS (A

INLET TEMPERATURE = |S0°F
OUTLET TEMPERATURE = 380°F
Q = 27,000 B/
Eiecrrie Hearer (suppremenmal)
MAUMUM Flow= 6.26PM | SHoRT TERM DUTY
“ «  AP= 5psr | @= 107,000 8W/E
NoeMAL FLow = 0.83aPM | Tiu=150°F
INLET PRESSURE 2 255 psia | Teur= 400°F
INLET TEMPERATURE = 380°F | Flows=0.B3&Pu
OUTLET TEMPERATURE = 400°F | “Dnamrn te e
Q= 9,160 BVMHE

Kuock -O ot Por

CapaciTy = |SO GALLONS
DESIGMN PRESSURE = 300 PSIA

a Tpupemaezd’&"F
tew Liguip Pecciver

CaPRTY = 500 GAL. PER PAGE 9
DESIGN PRESSURE =300 PSIA

" TEMPERATURE = 4DO°F

%
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\¢

2/sf17

Vent Coupenser

CAPACITY = 24,000 BTU/HR (1O TdF MAIM uurr)
KNOCKOUT DRUM= 10 GALLON CAPACITY

Oreesnng Notes

|. RELIEF VALUES DISCHARGE TO THE BULDING
SUMP |

2. SYSTEM MAKE-UP WATER, COMES FEOM THE
RADWASTE rECYeLE TAKMK . |F WATER LM
THS SYSTEM BECOMES EXCESSNELY
CONTAMINATED (T IS BOUTED To THE BAD
WASTE SYSTEM FOR PROCESSING~ NO°
PROCESSING WILL BE DPERFORMED IN
THIS SYSTER . THE SYSTEM WILL RELY
UPON THE CAPACOTY oF THE RBRAD |
WASTE SYSTEA. EXCESS LIQUIDS wiLl
ALSO BE DRAINED To THE LIGUID WASTE
SV STEM. |
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ENERGY_COMSERVATION

HEAT FEOM THE SYSTEM WILL BE DUOMPED viA
AR - WATER HEAT EXCHANGERS -To BE LOCATED
[N EITHER TWE INLET OR DISCHARSE AIR
STREAMS -~ ELIMIMNATING THE NEED FOR ADDIMIOMAL
FANS- OMLY PENALTY ASSOCIATED w(TH SYUSTEM
15 NEED TO \MSTALL TWO Hy's AND ASSOCIATED
PIPING — TWo REAQ'D BECAUSE BLD& WOMT ALWAYS
BEABLE Td USE, OB NEED INLET AIR PREWEATING -
(N ADDITION INLET FAMS AREN'T ON VITAL BUS AND
A MEANS oF AsSORED WEAT REJECTION VIA THE
EXHAUST SysTem (UTIUZES VAL POWER) (5
REQUIRED —

BLE -
MAYXIMOM euea&_‘(zé%fgg% _/VE—APL e

EMEBG\}(/CA‘SK: s oooBTU/Hﬂ (4-!425
QA$K$/Y2= EOC%_UL_LE - 7CA5K5/LDK = 364 CASKS

YR

T caus/cask
MAX eneray /vR = 364 (1,012,000)
o = 3.19x10%e1v A,
— 8
ASSUME SYSTEM RECOVERS BO% Qg = 3:0Ix(0 B /yp
APPROXIMATE QoST OF SYSTEM =$
&4-2&“1209 , "
CosT coveRS oNE Hy VALVES AND 200  oF |"PIPE,




s
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ENER&Y COMSERVATION PAYOFF WiLL HAVE TO

OFFSET THE OPERATING AND SAFETY ANMD MAINTENANCE
PROBLEAMS ASSOCIATED WI(TH A DUAL HEAT REIECTION
SYSTEM .



2-7-17
e

CASK_CooLiNG SvysTEM

. HEAT RECOVERY MODE

5’?)'2@%%0 ro —7":/7602

ot Be assisnn o it ot ch

fruddimg oiackbranac. |
C « G

%*@MW%M fectt

&
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Frem 7-577 OWM Jwﬁug

MQJ)‘ W o‘couu— 3790 BT'U

Kecsuvenalle = Z;- CU\M/‘.

("

39 OS
-~

N

.éBx(Oa’ |
6—3'.3)(-{0—,5"@/{[/2 |
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vee
3
—‘Mz dxﬂﬁx W A o
Noem AL
' weaT
Beuecmen

WAL/

HEAT EXCHANGER

SyesTEM WOULD REGUIRE 200 oF 2" Pipe AND

TWO VALVES, HEAT EXCHANAER AND INSTRUMEUTS

AND  SPACE —  pipe 40000 \LCJ
'ux 3 000 Caw&o}?
VALVES 500

BLDG SPACES, 000
3Aq-§-\5 OOO ToTAL C_OST

—

.
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ELECTRACAL ElER&Y USED = | WP FOR
Z MONTHS = 8»«;«.((68»25) 1HP(74S7KJQ\
| e/

= 008 twuz/« AR

cousoumwou l008 wuz\ 34\5a—u

cosr oF eweRay

FLEL OI\L FoR s‘rEAM=-$-35 /ézALLo':d
E}LEC_*rmc..rrV = $O-O|GD/K,U.) + 4,25 DEMAND

STEAM _COST
seaM 1390 BTU/LB

Les sTEAM = 6.3x|0 B
| i ds

.29%%sTUle
= 4;S><IOA' LB/ve

FUEL Ol BURNED TD CECATE STBAM

GALLONS oL = 6 3*7 BT v
CosT OF Qtt_*’f’o 35/61AL 1.39"BTU/6AL
4 51'1
=450 CvAl—./YlZ

g/
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cosT oF steam 10°BTU
oiL= *O.BS/QALL,OM
laALLon = 138,700 BTL

%= _10%  (3s)
|.39+°
= 2.572
ASSUME COST = fLP’S.CDCD TO TAKE |\JTO
ACCOUNT 'Oéi\/\,e-'r'c_ e STEAM PLANT

CosST oF ELEcrz\mW/lo" BTV

COST OF EECTEBC(TY (S BASED ON HEAT

avasBle Frem Akw ue  lkode= 3415 810
CosT ©OF lz_wu(a_-—‘*go.o\é

10°s0 = 10° ('0‘6\/ - 2293kwTS
3415
= 293" (ole)
= P468 peeiO®
ToTAL- 4.68+4.25 = 158__9_2




Cosfrs
Hear EXCHAM6E2$2§ JET®
PiPe $5-OO/FT |
\IALV-ES$SS.OO EACH

Hy= (0OeT? L‘ZS‘)
P\PE = ZOO/@
vaLves = ¥ss (&)

CONTINGENCY
TOoTAL

SR RS P BN AU Maritd
i

- . — ‘ g . e [N
y:r:..', {' p o %, .':‘ a (‘J’ l\.E . Y.f". / '-."-’ns‘ Y ot

2-7-77

I
)
0|
W
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TeonssuR. 10011,32.

FEOGRAM LIFCHY1

= o — ————— — " = o —— T T " " " iy il HO AT S e i A Y P S S S SR T M S S e S T e e W S o S O -

++INPUT DRATRes

ELDG: RH . LOCATION: CAZK COOLING

FROJ. DIR. NO.:- WIFPF COMCEPTURL DESIGN ' DESIGNER: K. BROMN 2

COST OF ELECTRICAL ENERGY  UZEDs PER MILLION BTU = $8.9300
CO3T OF STEAMs GRS OR OTHER ENERGY UZEDs PER MBTU = %7.2000
YERRLY ESCALATION RATE FOR ELECTRICITY I 5.7 %

YERRLY ESCRLATION RATE FOR STERM. GR: OR OIL IS 2.0 %
YEARLY DIZCOUNT RATE I: 3.0 ¥ : :
HUMBER OF ALTERNATIWEE BEING CONIIDERED RRE 2 RLTERMNRTES

*eoREZILTE OF ECONOMIC STUDYeee

RLTERNATE MO. 1 DATAH YPRZELINED
INSTRALLATIOM FIRSET COXT.eeeenvnnnne F. 00
ANMUAL O % M COET (LEES EMERGYY.... $.00
ELECTRICAL EMERGY HEED. .v..vesvesss O MILLION BTU
ZTERMs GRS AND-OR OIL UEIED......... &3 MILLION BRTU
ECOMOMIC LIFE...ieeeeseneronscssnsnnsans &3 TERRS

REZULTSE _
TOTAL FIRET YERAR EMERGY COST IX F45T.60
TOTAL ANMUALIZED COST IS Fly 0BE. 328
TOTHAHL PREZENT WORTH I3 T11s340,00

ALTERNHTE MO. & DRTA (HERT RECOVERY> :
INZTRLLARTION FIRET COET...ceesneess $10s000.00
AMNURL O % M COZT (LESS ENERGY).... F200.00
ELECTRICHL EMERGY UZED.....ossaeo.. 3.7 MILLION EBTL
ZTERMs AT AMD-OR OIL UZED....eeeees 0O MILLIOM EBTU
ECOMOMIC LIFE.eceeeasscnnasesnseunsesns cop TERRS

REZINLTE
TOTAL FIRET YEAR EMERGY COXT IZ 322,04
TOTAL ANNUALIZED COZT IZ Fls 195,95
TOTAL PREZEMT WORTH IE Fl2s 7R, 90

. *+oIZCOUNTEDRD PRYBRACK PERIOD:Zews

‘TO 50 FROM ALT 1+ TO ALT 2 PRYﬂFF PERIDD I3 GRERTER THRN 25 YEARS!I!Y
TAMINGESINYEZTMENT RATIO IZ iy )

ENERGY ZRAYMINGE I® 142,243 ETU PER ARMNUAL DIZCOUNTED INVESTMENT DOLLRAR.

e - LOWEET IMCREMENTAL IMZITALLATION FIRST COST ALTERNATE

2RI 1.230 UMTE.

RN COMPLETE.

¢



Fr«n2-03. 10,15, 09.
FROGRAM LIFCY1

$33% LIFE-CYCLE COST COMPRRISONS $$$3%

*+ INPUT DRTAee

ELDS: RH : ) LOCATION: CASK COOLING
PRO.}. DIR. NDO.: WIPP COMCEPTURL DESIGN DEZIGSNER: K. BROWMN 3

COST OF ELECTRICAL ENERGY UZEDs PER MILLION ETU = $4,.6200
CO=T OF STERM. GA: OR OTHER ENERGY UUSEDs PER METU = 37.2000
YEARLY EZCALATION RATE FOR ELECTRICITY I= 3.7 <

YERRLY ESCALRTION RATE FOR ZTEAM. GR: OR OIL IZ 2.0 X
YERRLY DISCOUNT RATE I: 2.0 X

MUMBER DOF ALTERNATIYEZ BEINS CONIIDERED ARRE 2 RALTERNRTES

+eoRESULTE OF ECONOMIC STUDYeee

ALTERNATE NO. 1| DATA <(BRSELINED

IMETRALLATION FIRET COET.veccnnnnese ¥. 00
ANNUAL O % M COST C<LESS EMNERGY>».... $.00

ELECTRICAL EMERGY USED.....ceeve.ws O MILLION BTU
ZTERMs GRS AND-OR DIL DEED......... 53 MILLION BTU
ECOMOMIC LIFE..eeeeesoenainsensnssanse oo YEARE

RESILTE :
TOTAL FIRST YEAR ENERGY CO3T I= $4532.60
TOTAL ANMUALIZED COST IE Fl. 082,322
TOTRL PREZENT WORTH I 11340, 00

ALLTERMATE HO. & DATR (HERT RECOVER'Y2
INZTRALLATION FIRET COST..o.eenesees F1O000,00
AMMNLAL O % M COST <LESE ENERGY).... F200.00
ELECTRICHL ENERGY LEEDN.eweseseveseas Sov¢ MILLION ETU
ZTEAMs GAZ AMD-OR OIL UEED....e.... O PILLION BTU
ECOMOMIC LIFE. ccsaseonsnesvensosenases 20 TYERARE

RESULTE .
TOTAL FIRET YERR ENERGY CO:ZT I $17.3e
TOTAL ANNURLIZED COZT I $1s157.31
TOTAL PREZENT WORTH II F12s465.14

¢eoDIZCOUNTED PAYBARCK PERIODSeee
TO 0 FROM ALT 1e TO ALT 2 PRYOFF PERIOD 1% GREATER THAN 25 YEART!MD?
SAVIMGE S IMYEETMENT RATIO IS . 237
EMHERGY ZRAVINGE IZ 142,249 EBTU PER ANNUAL DISCOUNTED INVESTMENT DOLLRR.
¢ - LOWEET INCREMENTHL INZTALLATION FIRST COST ALTERNATE

=R 1,222 UNTE.

RiJH COMFLETE.



LI =il LN BRI BT ]

PROGRAM LIFCY!

o e e = e e = S S . S 1 — " " T T - Y Yo o —— T P T o o T V" v S ki G " o o S Y S T ke o

$53% LIFE-CYCLE COST COMPRARIIONE $%%$

++ INFLUT DATRes

BLDG: FH " LOCATION: CHREK CODLING
FROJ. DIR. MO.: WIPP CONCEPTUAL DESIGHN DESIGNER: K. EBROWN =2

COST OF ELECTRICAL ENERGY UZED, PER MILLION BTU,= .%4.6800
COST OF =TEAMs GRS OF OTHER EMERGY USEDs PER METU = $5.0000
YEARLY EZCALATION RATE FOR.ELECTRICITY IS 5.7 %

TEARLY EZCALATION RRATE FOR TERAMs SRS OR OIL IS 2.0 i : i
YERRLY DISCOUNT RATE I3 3.0 % e
HUMEER OF ALTERMATIWES EBEING CONZIDERED RRE 2 ALTERNATES .

**oREZULTE OF ECOMOMIC ZTUDNYeee

ALTERMATE MO. 1 DRATA <ERIELIME?

IMETALLATION FIRET COZT.ieewsevennen $.00
ANMURL O & M COST CLEZE ENERGYM. ... $.00

ELECTRICAL EMNERGY USED......ieesv.. O MILLION ETU
3TEAM: BRI ANDCOR OIL USED......... &3 MILLION ETU
ECOMOMIC LIFE.uuuvusvsnneaaionnannsnss 25 YEARE

REZULTE

TOTAL FIRST YERR ENERGY COET IS F315. 00
TOTAL AMMUALIZED COST IS 737, TE
TOTAL PREZENT WORTH 13 F7y 2T, (0

ALTERNARTE MO. & DATA <HEART RECOVERYD
INZTALLATION FIRST COET.vveveesssas FlOs000.00
AHMUAL O & M COST (LEST EMERGY?.... Fean. 00
ELECTRICAL EMERGY UZED.eevseseseese .7 MILLION BTU
STEARMs AT AMD-OR OJL UZED......... O MILLION BTU
ECOMOMIC LIFE..weeaeenssonnssansasasns oo TERRE

FEZULTE ’ .
TOTAL FIRST YEAR ENERSGY CODXT IZ ¥17.32
TOTAL AMMURLIZED COET T3 T1s167.81
TOTAL PREZENMT WORTH I% 13y 4E6, 14

ool ZCOUNTED PRAYERCK FERIOD:eee

TO 50 FROM ALT 1e TO ALT & FAYOFF FERIDD IS GRERTER THAM 25 YERRZ!IME
TAVINGES INYEZTMENT RATIO I 541
EMERGY TAWIMGE IZ 143243 BT PER ANNUAL DISCOUNTED IMVEETMENT DOLLAE.

~A

e — LOWEST IMCREMEMTAL IMZTALLATION FIRET COST ALTERNATE

ZRU 1.208 UNTE,

RUM COMFLETE.

9/
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FEoNEo 03, 10, 08, 07,
FROGRAM LIFCYL

FR®EF LIFE-CYCLE COST EDNPHRI:DH, SSS%

*«+INPUT DATRee

ELDS: RH , ' LOCATION: CASK COOLING
FROJ. DIR., NO,: WIPP COMCERPTURL DESIGN DESISMER: K. BROLN 1

COXT DOF ELECTRICAL ENERGY USEDs FER MILLION BTU = F2.9300
COET OF ZTERMs GRS OR OTHER ENERGY UIEDs PER MBTL = 35,0000
YERRLY ESCRLATION RATE FOR ELECTRICITY IS S.7 %

YEARLY ESCALATION RRATE FDF ’TEHM- cRET OR OIL Is 2.0 %
YERELY DIZCQUNT RATE I .0

MUMEER DF ALTERNATIVEZ BEIHh LDN@IDERED RRE & RLTERNARTEZ

*»eoREZIULTES OF ECMNAMIC STV ees

ALTERMATE NO. 1 DATA <BRZELIMED
IMZTALLATION FIRST COXT.eeeceennosss - %, 00
ANMUAL 0 & M ODET (LESI EMERGY) ., .. $. 00
ELECTRICHL EMNERGY LEED, evereseeess 0O MILLION BTU
STERAMs GRE ANDSOR OIL UEED. ... ... B3 MILLION ETL
ECONOMIC LIFE. . reseencnscsnncensssnase 25 YERARE

REZULTS ‘
TOTAL FIRST YERR ENERGY COIT IS $315.00
TOTAL AMNUARLIZED COET I: FVIT,.TE
TOTAL PREZENT WORTH I3 BT 275, 00

ALTERNATE MO. & DATA C<HERT RECOVERY)
INZTALLATION FIRST CDET.eevereenees F1Os 000,00
ANNURL D & M COST CLESS ENERGYY.,.. FEO0.00
ELECTRICRAL ENERBY LZED. evsveseesess 3.7 MILLION ETU
STEAMs GRS AND-<DR OIL UZED......... O MILLIDN RTU
ELDMIMIT LIFE. sseesasanssnnssqronnnsss 25 TERRS

RESULTS
TOTAL FIRST.YERAR ENERGY COST IS 33,04
TOTRL ANNUALIZED COST IS $1y 135,99
TOTAL PREZEMT WORTH IS F12s 7EB. 20

eeeIIZCOUMTED PRYEBRCE FERIODIeee

TO 30 FROM ALT 1e 7O ALT & PAYOFF PERIOD IZ GREATER THRM 25 YERRS?!!!
TRVINGE-INVEZTMENT RRTIO IX 311

EMERGY ZRYINGE IS 142,249 ETIL) PER ANNUAL DISCOUNTED IMVESTMENT DDLLRR.
* - LOWEST INCREMEMTAL IMSTRLLATION FIRST COST ALTERNRTE

o 7 e ST o 8 T P o e R o P e e e o o e o e e e o e e e e e e e e e

IR . 1,200 UNTE,

EUM COMRLETE.,
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SUBJECT:

‘Sardia currently favors the Double Eagle

FOAM E-.65(8-67)

HOLMES & NARVER. mJ.
ENGINEERS -~ CONSTRULTORS
!

PHONE-TALK

K. R. Br.own . ) Date: September 3, 1976

B. Stcinbaugh, Sandia Labs. \(X/@ page._ 1 _of 1

WIPP - ENERGY COSTS AND WATER SUPPLY

Bob called with the following energy costs:

Cost/1,000, 000 -B'I_bljes'
Natural Gas %
Fuel Oil
Electricity

(3:92) o
T system but would like

to carry both Double Eagle and Carlsbad through the cost estimate
phase of the project. )

I requested that Beb investigate for any available rainfall data in
the vicinity of thie site for use in hydrology studies.

Drewings of the Super Tiger and 600 series ATMX cars are being ¢

sent in the mail to &S and H&N.

KRB/bl

cc: L. Scully, Sandia l.abs.
B. Steinbaugh, Sandia Liahs.

‘ : Coal
J. Ash, Fenix & Scisson _ ) 6’0/ '
A, Klatgkins" : ’ ’ L, -
M., Klatgkin ) /‘7 Jm, aor v,

A. Dunhain 2



ERDA STAND!

3TU CONVERST: N FACTOR

. _FOR_ENERGY CONSERVATION REPORTING (1)

Btu Content

e wEmm— - o ..-5 ‘J\g ‘--- o-.--m-..-..-..

Form of Eneray

ETectricity (2) " 11,600 Btu/KWH "7

Fuel 011 138,700 Btu/Gal. *
Netural Gas . C 1,031 Btu/CF. 7
LPG (3) 195,500 Btu/Gal.”
Coal : | . 24,580,000 Btu/Short ton
Other (Examples) - Steam (4) - 1,390 Btu/Lb. v
- Chilled Water (5) 24,000 Btu/Ton-hour -
63,500 Btu/Gal. . -

" = Methanol
' 125,000 Btu/Gal "
138,700 Btu/Gal. *”

Autcmotive Gasoline
Diesel

Aviation Gasolina 125,000 Btu/GAT,

Jet Fuel ) 130,000 Btu/Gal. ~ .

Q / )

O O O O 000 O O o o <o

Btu x 107 per Reporting Unit

.0116 per MiH (Megawatt hour)
.1387 per 1009 Galion

.0C1031 per 10G0 C.#.

.0955 per 1000 Gal.

.2458 per short ton

.00139 per 1000 Lbs.

.024 per.1C00 ton-hours )
.0635 per 1000 Gal. ! : :
.125 per 10090 Gal.

.1387 per 1000 Gal.

.125 per 1000 Gal.

130  per 1000 caI;

HVUOCHG LNIWIOVNVY ADYIN3

+

¢ L18IHX3

(1) The use of different conversion ‘actors is permitted only where such factors are ideantified and just1.1ed, '

and is subject to FCM approval.

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

(3) Includes Propane and Butane.

(4) " Assumes 1000 Btu per pound of steam gonerated at boiler plant, 80% boiler eff1ciency at 11% line 1oss
(3) Assumes 12,000 Btu per ton-hour, and overall efficiency and 11% line loss.

{ . ". e ‘. - s ettt THES
. ¢ . ! .,
} ¢ ‘}n " ' . N
e a e .- 'y
o




HVAC CaLeuLAnens

"Mmicuio:ﬁowow

| %4&1 HVAC &M@,‘ ‘lw%

MWW
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. S : 2-7-77
) - T ARALIFCYLAh& _—
| ) INPUT DATA ‘ .
sor0pata”  TRU Weaste lacrlity " | B1dg. Name ~ S
4040 pata " CQ'Y/S,A dﬂ/. - . " | Location - J$
L&oso DATA " - Srow n ' " | Praj. Dir. No. - P$
4060 DATS " kats ki Browl " | Desigrer - D$

4,070 DATA @ .92 '4.68; |cost of Electricity, Per MBTU - €2 B0

080 DATA $iOO (7.20‘ Cost of Steam, gas and/or oil, per MBTU-C3

090 pata 507 7 Annu;i Electricity Escalation Rate, Z - Rl
4100 D:TA 0il -3% Annual Steam, Gas or Oil Escalation Rate, X - R2
[5110 DATA ? 7 Annual Cost of Money (discount raze), 2% - I

;120 DATA 2 Number of Alternates being considered - H

ALTERNATE NO. 1

4130 pATA"  Ba ?C"/I'V) & _ "|Alternate Naze - A$ _

4140 DATA 0 | ]InstallationvFitst Cost - C

4,150 DATA 0 Annual 0&M Cost (less. energy) - M
160 DATA — Electrical Energy Used, VBTU -E

%170 DpatA (3 Stean, Gas acd/or 01l used, V3TU - S 63 +.é

4180 pataA 25 Economic Life, Years - N

ALTERNATE 0. 2

E‘190_ DATA " /’J"’NT /"(’Cf’""r‘/ "|Alternate Name = A$

F’tZOO DATA [mQ_Q_JInsta‘latio'x First Cost - C

[1»210 DATA : * 200 ]Annual o0& Cos: (less energy) - M
220 paTs 3,916 lflectrical Enmergy Used, MBTU - 2

k230 D-Tin - O ' jStea:.-, Gas and/or Oil used, BTG - S

240 DaTa a5 . Economic- Life, Years - N

F1-( 00 \ .




FORM AT-88(!') (1.75)

HOLMES 6 NARVER.INC. |\ 7>/ pp

CHECKED - DATE ENGINEERS—CONSTRUCTORS . A
400 €. ORANGETHORPE AVE. / , 3
SHEET oF _ ;

APPROVED _ : DATE __ ANAMEIM, CALIF. 92801 - ‘
TITLE W’PP /'/Vdﬁ /#IQA & Low Agzc[ &g,‘l,’f{g;) . MK oATE_ /=R 077
Df.s/gh Cr;f@r; (WorA 4"‘6"1-‘) | | |

Summer Ovtside q9'F
/hsia/t Y2'F a7l = )7°F
Wl'n Fer Ovtside A19F
 Incide 65°F a7T= 44°F
(0 Ffices) ..
Winter /hs,‘_a/e 7R° A'Tf 5)°F
U Fachrs Walls 0.097
Roof 0.0%

Tota | Eoviv. Tewmp Dif. Covrection
Inside 76-32=-7* ovis;,de 99-385 = /4°
Fotu/ corvrection = |4-7 = 9°F
High Level Fac. (M!A Bay On/y)

Summer /aside < % +T; c 91+ 32’ 9.5 4T = B.5°F

2
Winter Inside = T47; 3 643 2T:22.0°F
v %%
Fatror Wall 0. 5025

TETD Correction |
Inside 78 -90.5= —-)5.5 ou/_f,‘/e 99-85 = 14

total carrec/i;’n = |4-)558 =;-—l.5°F

)0/



FOMM AT-86{1) (1.78)

cn':cxsn ] DATE %mgﬁ‘_goig!g}mm s m. 3251 L0
APPROVED oA m.i,&:?:a :mgn:;;v‘s. meET_____ A _ oF 3
ne_\w/) PP — H VAL v w_ M oare [-20-77
Consfrvof)an Da/“a - “tp” Factors |
Exfer.o'or Wa”‘ {o 017
Coucrch‘ (21) 2.23
P/oc/e (12"¢.w. w/f,ll”{vo,;/() 5.82
§; 0-6°%
o Jo.3)]
V= 2.3) 0.9699
RDO{ . !o 0.2
RDO-""., 0.33
Insvlat ion(Rigid-3'%") 9.63
S’db((on(ref? 12" /32
£ 0.92
12.50
V= /2 50 = ‘0 0%
J.x*'tr;or Wall (H]A Len’l M 3A Bay)
» o7
Concrete (Iz") /.14
) .99
v = /Tl;—q- T D«F025
¥

[ oL



FORM AT-66(1) (1-78)

16314

CHECKED — __DATE %y&;gg&g&%‘%gy jos no.j&j/'ﬂt)
APPROVED : DATE ‘0&5‘0,.:‘5‘,\:‘6;1325;3&\/'& SHEET 3 oF 3
nne W 1PP — HVAV By M e [=20-77
Multiply ing Factrs @ 4:00 RM Spu Time
NE wa) 0.09699 (14+7) 2.037
Ww wall 0.09699 (13+7) .94
SE Wall 0.09699 (15+7) 2.134
Sw Wall 0.09699 (1542 2.134
Sw Door 0.65 (17+7) 22.
Roof 0.03 (2347 2.4
wWinter
Worll 0.09699 (44) 4.2647
Roof 0.0 (44) 3.82
High Level (Wigh Bay) @ #:00 P.M Sun Time
NE Wall 0.5025 (14-1.5) ¢.23
Nw wall o0.5025 (12~-7-5 57749
MW Door l.o (2i-15) 19.-5
SE Wall 0.5025 (15-1-5) 6. 7%4
SE Door /.0 (2)-)5) /9.5
Sw Wall 0.5025(15-).5) 674
Roof 0.03(23-)9) 1-72°
Winter
\Wall 0.5025 (22) /.o 55
Roof 0.0% (22) ). 76



/65

FORM AT-66(1) (1-78)

CHECKED DATE %y&ag’_y&gg&%gy 108 no._ml 00
APPROVED DATE ‘O&f"‘?&?:?:ms_n&i&vg sneer___ / __OF JA
TITLE TRU qute FﬂLl. 11.}"1 — W AvK . o‘“léze—zz
Internal Heat Fain Assv ~p Fion s
U»L/oq%:q /Loac{{n} Area
Lightivg 4 watls /sa.54. = )3.45 870 /3
Drums 320 @ Jow = /0,052
bhists (50% vse) 2@4o pp - L2Tridl = 102,390
People 10 & 300 BTVens) = 3 000
Anventory/Prep Area
Lighting 4 wallsfoa. 5t = 3,65 BTV/#
Droms “j300 +320= /620 ® 0w . = 50,890
forklifts (75% vse) 2@20 fon- Y2y = 230,262
People 25 € 300 BTV (sen8D = 9,500
Lighting dwalts [se.5t. = 13.45 g/
Drums 6o /O w : /3%5
Hoist (5% vse) 402222240 = 5/, 145
Peop/e TE voo 8TV GSors) = ), 500
03fice Area |
[»i'gl.*ing 3 waﬁ.s/.;’a.ﬁ. = 10.24
= 2,570

/Deop/f’ /o & 250 BTV (sens)



FOMM AT-86(1) (1.78)

CHECKED —DATE %?HSS—CNOANSRT!gC;RsK. 108 NO.M_QO
APPROVED DATE ‘°‘Li‘.‘.’f§‘.‘,’,‘._°§{{',‘2,“,",§.f,"“‘ SHEET___ D or_b
nne__JRU Wagte F;ru'/l'f;/ w_ MK oare /=20~
Un load ing /Lodﬂefwg Avea | , A
Area Factor Co o/in_g Factor #eaf;nj
NE Wall  297x40 = |30  2.037 24200 4.267 59492
MW Wl (F4x40)-324: )336 ] 14 3562 4267 7,834
NW Door  RxI% = 324 =35 2754 -2, 7,128
SE Wall (54r0)-qp: )/8% 2,134 2535 4%7 5069
SE Door 3@)311F = 72 5.5 7 ¥ %0 2z 0,394
Roo § 297%54 = 16,033 2.4 3%,49)  2.52  5¢ 454
Lights @ 4w/ib /6,038 13.65  218,9)9
/4’/10)‘0,’5 2 @40/-P /02)370
Drums 220 @ JOwW /0, 052
Ppop)&‘ 10 @ 300 gV 68"5) 3,000 '
DSA (W/retov') 2/,333 € ex/)o8 133,237 )s4x/08 254,80
. 552,020 502,35/

/06



/67

., FORM AT-68{5)} (1-785)

HOLMES & NARVER, INC.

CHECKED OATE ENGINEERS—CONSTRUCTORS os w825/ <
: 400 E. ORANGETHORPE AVE. g , é ;
APPROVED —DATE ANAHEIM, CALIF. 92801 SMEET - OF '
ML e 2077

we TRU Waste faerlity — o
nvevrdory & Prepavation | |

/ 676 400

FdClDV‘ #(?d*thj

4.267-.. 6554
T 4207 0 1024
4.267 16 285
3.52

/30,240

Aveat Fecctor Coolt n9
NW Wall ¢4x24 /536 94 29 %0
SwW Wall 100224 2 400 2,134 522
SE Wall /60x2.4 3540 2.134 %1495 -
Koo § 37,000 ¥ 37,000 2.4 ' §g 160
Lights @ «’m//cb 37,000 13.65 505050
Motors /2 - 20 fow djesel) @75% vsage 230262
Drums [1300+320 € /0w o rDP89p
People  25@ 300 BTv(Sens) v 500
OSA @/recov) /120, 000 & 6 x1-08 777 600

/5-4 x108 1,995, 840

2,159,240




FORM AT-68(1) (1-78)

TS A T

" HOLMES & NARVER. INC.

GNECRED - ——DATE — ENGINEERS—CONSTRUCTORS e w.__EA 5/ 00
WPNOVED_____ maATE__ O ANANEIM, GALIF 82801 weer___ 4 ow_b
THLEM)[‘P }‘—ﬁtl / }'7 ‘ ‘ »Y m ' DATE Z‘Z Q-Z? '
Qverpeck L_.cha___&._lc_a.b._
Area Factor Cooli ng Foctor Hmffhj
MW Woll 9exs0 3840 /.94 7,450 426 /6,353
Sw Wall- 33 40 320 2.134 2%17 426 5423
SWWall 33x25 g5 2-134 | 760 4.2¢ 3515
SE Wall  64x15 960 2.134 2044 426 4090
Roo¥ | 5430 2.4 /2,552 3.52 /3,40
Lights ®4w/e 5230 1365 7/,3% ~
Mo f‘ors 40 W é‘o% vse) - 51,195
Drums . o @jow 2,048
People 5 @ 300 BTV(Sens) /, 500
OSA (wirecor) /0,400 ¢xl.0o8 7,780 |5.4x)03 173,970
| | 202,541 221,966

705



/¢q

FORM AT-86(t) (1.78)

| HOLMES & NARVER. INC. )
CHECKED DATE ENGINEERS—CONSTRUCTORS o w225 )00
. 400 E. ORANGETHORPE AVE, 5 _é
APPROVED DATE ANAMEM, CALIF. 92801 ° '”!!T of
nune LR wasle qu‘[l'f'y - L M oare [~20-77

0 $fice Avea
| Avea  Factor Coo/fnjA Factor Healting
SW Wall 130x24  3/20  2.134 4658  4.247 3,313

SW Doors 1ox 7= 70 17 | 190 44 3,0%0
Ligkts 5290%& 3. 54,)64
Peo,o/e 0 & 250 8Tv Gens) 2, 500

OSA = /0% of Joh) arr =7008 . 17x).08 2. 852 44 xl.08 32 244

43657 |




FOMM AT-668(1) (1-75)

CHECKED DATE

MSSNARVER.K. oe m._R25]. 00

R 6w
| one_ 7RV Waste Facility n__ MK N 4
5umMar/ of /L/Baf/éoo/ ZomstW/ reCovEr )
Cooling ' Heatlday) Jeat(n r'gl;f)
Zoazfi{\j Area . 552,020 505,351 43,576
/nv./Prep-/]rea ./, 676, 400. 2,159,240 665,699
Overpack [Lab 202,54 22/,966 34,333
Office Area 77,364 3, 007
2,430,96] 2,836,557 736,)00

/e



I/

FORM AT-66{1) {1-75)

CHECKED

APPROVED

00 .
—DATE ENGINEERS—CONSTRUCTORS oevo._825/.
400 E. ORANGETHORPE AVE. / 6
DATE ANAHEIM, CALIF. 82801 SHEET oF
w_ M oate 2-/4-77

nme_w1PP - HVAL- RH Faci]_[f'L

HOLMES € NARVER. INC.

Internal Aequa,in assvmptions

' econ
Lighting— 4 wafls oo B — 3358%)13.652

Casks — 4% cans @3.5Kw — 483> 11945.5
Hoists — 160 P& 0% vsage = 160 % 3072%,1
Carts —— 2@ 10 1P@ 1002 usage — 2043072 %).0

Tor ntable— S P@ 10% vsage — Sx 3072 x.|
Water Wash- 20 P8 $0% vsage — 20x3072».5
PEOP/L’ ——— 4 \yorking @ 300 BTV Sewns,ble

| 2 mod. aet.@ 250 Byv sensibk

_Hot Cell
Lightin
Cast J

- 4waﬁs/s‘0, je3

Je80% 13.652

8 cans @rogp+10@50% — /3 x3.5 Kw

Hoist —— 40 WP @ 100% usaqe— 40%3072 x).0
Elevator — 25 P @ 0% Udee-ZSlj o072 » .}
Misc. Motors— J0 @ 522 vsage- /O x3072%.5

_Lecon
Ll’gl«ﬂnj" 4waﬂs/5&-§*-"
Cas ks — 2cans @3.5 Kw—

262%x 3.452
2 * )1945.5

Pumps — 28 60 ® 100% usage— |20 % 3072 ).
50x 3072x /.0

Brushes — 2@ 25 WP@ joo}, vsage -

Fota/

non

o oo M

53 079
573 3%4
49 132
61 440

/] 536

30 720

) 200

. 500,

woi

%71 011

22935
/155 29)
122 §80

7 650
/1S 360

(TR I ]

324 146

4 305
23 89/
368 640
/53 (00

/,646,093 grv

S50 936



FORM AT-86(1) (1-78)

HOLMES 6 NARVER.INC. | .. %72 5/. 00

CHECKED e DATE ENGINEERS—CONSTRUCTORS
400 E. ORANGETHORPE AVE. 2 é
APPROVED ———DATE ANAHEIM, CALIF. 82801 SHEET oF
t
nne_\WiPP—HVAC- RH FdC/}I}'Y w_ M oare 2-/4-77

Pr-‘z_’para/‘jov_s & Decon

- Area Factor (oa/i», Feetor He'afihg

& 8rv BTV
SE Wall 54%50= 2300 2.134 s v6! 4.267 )] 520
Roof . s4x72 3389 2.4 9 33) 3.52 13 6%6
L igles 3%%¢2 ]3.6 52 53 079
Coashs 4% x. /1945.5 573 324
Hoists J6O% 3072 x . 49 152
C arts 20 x 3072 x).0 61 440
Torn Fable 5 %3072 %) /] 536
Wa}t’r Was h 20%x3072x.5 30 720
Peop Je /200 + 500 ) 700
OSA (w/recovery) 19,4408 6=).08 12597/ )5.4x).08 323326
912 074 348 532

/&



113

FORM AT-686(1) (1-78)

CHECKED — ' DATE - HOLMES & NARVER. INC. 108 n;. 825/ oo

ENGINEERS—CONSTRUCTORS

400 E. ORANGETHORPE AVE.

6

APPROVED DATE . ANAMEIM, CALIF. 92801 - - SNEET 3 oF
nne WIPP - NVAC - RH Fae/lity w__ K oare 2-14-77
Het Cell
Area Factr Coo)»'nj Factor //eafa'ng
& BTV A%
SE Wall  23+4% = /344 2.134 2808 4.267 5738
Roof 28%60 = J6FD 2.4 40 32 3.52 5914
L ights \ /6 %0 )2.652 22935
Casts /3% ))945.5 )55 29
Hois t 40x 3072 =).0 J22 8%
£levator 25 x 3072% ./ 7 630
Misc. Motors JO % 3072x 5 15 260
D SA 7,064 & Cx1.08 __ 52 254 )5.4x).0% /34 120

383 200 | 45 769



FORM AT-66(1) (1-78)

guscuén DATE HOLMES & NARVER. INC. yon we._ S & 5/.00

- ENGINEERS—-CONSTRUCTORS

APPROVED DATE ‘°‘}§;,’:‘;3“’§I{',S_":,§,f,"? SHEET 4— oF 6 ”
nne_WIPP—~HVAC- RH EM:/L)";I " /‘K oare 2-14-77
Decon
Avea Factor Cool irﬁ Factor- Heatin
w A 8rv BTV

Lights 22x 6 = 352 [3-é52 4 705
Casks 2% 1] 9455 23 29/
Pomps /20% 3072 368 640 |
Brushes 50 x 3072 ) $3 ¢ 00
OSA (J/recovery) 90006 6xlo% 39320 15-4x)0¥ |49 (8%

| 609,256 49, 637

174



' FORM AT-66(1) (1--785)

HOLMES € NARVER.INC. | . ... 82 5). po

CHECKED ' DATE : ENGINEERS—CONSTRUCTORS
. : 400 E. ORANGETHORPE AVE. 45 Y4
APPROVED . DATE __ . ANAHEIM, CALIF. 92801 - SHEET oF

TITE WIPP.-—HVAC"RB Faci'lity : E— M - e 2-14-D
Shipping & Receiving SRR —

Ay-_ea(‘ Factor iCoo/;hg Factor /L/E’aﬁ"\ji

Nw Wall
Sw 5/0(” ‘ |
Sw oor : ‘ \'\
NE Wal | (/\/0 | rf’rfr:,)
NE Daor ' ,

Roof ‘

ijhf.f

HoisT

Péop /e B
OSA(wlecovery) 23,466 §

\

15 |



FORM AT-66(1) (1-78)

CHECKED

APPROVED

—DATE %m&;sﬁ CN:NS,!&B&JSK .IOI no.jz; / 00
ot O ANAHEIM, CALIF, 92801 wer___ 6 or_b
e WIPP-HVAC- RH fdltllf;L w__ MK oare &= 14-77

" D3fices B Contrel Room

Factor Coo/:’n'g Fczcﬁrl Hga)‘;’nﬂ

- Area
& gTv BTV
NW Wall /67 x15 2505 .94 4860 4.2¢7 10 %9
SW Wall 82 »15  |230 2.134 2625 4-207 5248
SE wall 37 %5 5%5 2.134 1243 4.2¢7 2496
Roof g2.%x34  3/9¢% 2.4 2675  3.52 . |) 257
L)'7Af£ 3198 @3 walts/s 10,239 32 744 '
Fovipment 3193 @ 2 walls/# 6.826 2] 830
Peap/e J0 @ 250 Brv sensible: 2 500
OSA 73008 @102 = 7308 17x).08 ___]3403 44x)08 __34 490
' g6 ¥85 64 3380

J&



)7-11%

" FORM AT-66(1) (1-75)

HOLMES € NARVER.INC. | = 225).10

CHECKED DATE ENGINEERS—CONSTRUCTORS
‘ 400 E. ORANGETHORPE AVE. ) )
APPROVED DATE : ANAHEIM, CALIF. 92801 . SHEET - oF

TITLE fM xh. Al 1 w_ MK uml/-/Z_-ZéA

Assvme maximvm mine ax<h-a'r = 500,000 £

Assvme exhavst air at B5°F - 50% RH.
(with sprayed coil= 73°F -90% RH.)

"Assume condenser waler Y5°F in - ?5"Fou7‘_ - 20°at

Total sink available = 500,000 x20%/.08 = 10, 200, 000 BTV

Sink requvired per fon of absorp?ion réfrfjfra)‘;'om
= )2,000 + /8,000 = 30,000 BV |
0, $00, 000

o Total sink availabh < 2720

30,000

= 360 )‘ons

Note: Total fac//:'fy /_oad’ approt. B800- 900 fons



Allernat T
Cen fm/ Pt (chillors - Boslors —C'ao/ny rws)

/- 3-300 l-m chillers @374»6%/ starfers Yfrujlﬂ | "/, oob
2. 3’— 300 fon Coo/rrg bwers @ s (n-c/ ﬁ—er]lf# erhj')u) | )7, 440
3. 6- 401 crrcv/m‘,»j Pporps ® /1450 [frnjvf) o 3, yov
b 2- 507 boilers @ /7m0 |
s controls, condh ret, blovedE Mu;z.—r g2 44, 250
& 3= Converfors £ /st . .. - 4;5‘70

I Boried pipe ('6' a(ef”) -
£ 3)-3'7.5'_' of 9" steel chilled wqtr[mrubl'ece)@4rf5'5°f
L 6T of 6" sha (isolite)@impei
9. ), 6% of 4" condensite rp?‘ruﬁ.u/./t;()

119



¥7, oov
8,600
4)604_
’) M

| —70/,204

o Alledde T
TR Separatls Cn/:nj dhed/'mj ea‘-ch bm/ ‘hj-)
) 2- 225 fom cont heat pomps @ 43, 500

2. 2-225 Jon coo/i»:] bwers & 4300

3. 4-25P pumps Ny

4. ] heaf cxc/m««yer- . 8 )o00

RH B/dg L

/- 2= 150 Jou cont: heaf,um,;s C 38, 4co

2- 2= /50 fon cvo/iv Towers  ® 3300

3. 4-15 M penps & 955

4. | heat excha nJ!V‘ @ gso

Adwinistra Flon B//]

]-

2.
3
4.

Z" 75 /o» re&ip. Aea)l'fvw

2795 Jou cw/inj Jowers
4-10 ¥ pomps
] heat pxo/uw7¢r @ 7sv

@ 2,300
2 9585

N g 2»0/000 '

kel 237,644

/30



A [fernats .ﬂ:
(Cen'/’ru' Coo/mj Fower + repam‘t’ m/v/wet each l/q’y)

] 3- 300 7‘0" Coo/inj 7lower.§ @Qm _ 17,400
_2-- 3- 30 cire. pvmyps ) II&? 6597
3. 3377 of N0’ Shel Aumeeﬂ pipe  30°90°F
[W""-ppt w/ minimvm m.rv/af,m)
P/u.:
Th Bidy. .
o 2-225 fom conk- /:ewl‘pvm;os € 43, 70 o - 87, 000
2 z 25 prpS e & )5 | 2,300
3. |-he 1\4739’-@ /000 ' /, ovo
bp 8)43 | |
e 150 Jon cenl.-heel porps @ 35y 400 | . 76,
2- - 15 P pumps & 955 ‘ 1,910
g I" heaf x Cluu?ﬂ’“ Ayso - 350
Admin- BML n
A Z' 75 recip. /)af}) :@Zom 40,000
2. 2-10 R ? | 1,510
2. Aeaf X- m“fer@zsv ~ 750

(/-1
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These charts represent the average BTU's per day per month that can be collected on 8 Raypak solar panel. For locnioﬁg
shown, merely pick the amount of heat you need and the chart can tell you how many panels are neseded.
! :
|
Example — average home - family. of four — 140° hot water usage - 15 gal. per person
Amount of water needed — 60 gal./140°
Incoming water temperature — 60°F
60 gal. X 8.33 wt. per gal. water=499.80 ibs.
: 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 Ibs. = 499.8 BTU's for 60 gal. at 1°
Thus, 499.8 X 80 = 39,984 BTU's nee&ed to heat 60 gai. of water to 140°F.
EXAMPLE MAY NOT BE APPLICABLE IN ALL LOCATIONS
' : .
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Civil Calculations



ol-
s

2-22-11
WIPP - WATER SUPPLY AND SEWAGE
TREATMENT

DESIGN BASIS

The WIPP facility includes a water supply and distribution system and a sewage
treatment plant. The site population is approximately 400 on a 24 hour basis,

and the systems are designed on the following basis:

Gallons/Day/Person
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
surges 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

plant.

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

Prbcess Demand 5,000
Total Peak Demand 160, 000

Peak System flow in the eight hour period will therefore be:
Peak Flow = 160,000 gallons/480 minutes

Peak Flow = 332 gpm during fire water make-up

- % From Sandia Design Criteria

(7]



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

Average Demand = 25,000 gpd

Average 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.



HOLMES & NARVER.INC. o B2%51.O
cHeckeo ———— DATE TECHNOLOGY — CONSTRUCTION son 0 8251. 0O
APPROVED DATE 400 E. ORANGETHORPE AVE.

: ANAHEIM, CALIF. 92801 sweer__/ - OF
e WIPP - WArER DEMANDS Bv_LRG . pare2-22-77
' " PLUMBING FIYTURES |
No BUILDING | we UL.g LAV |SH. | DF | J.s| FWAds«
& | MAN/MaTERIALS 100 6 (10|23 2 |2 | 2] .
2 | ADMINISTRATION 1516 | 18 3 | T
10| TRY WASTE 513 | 5|8 I
3 WARE HovSE JSHoPS | 6 | 5 | 6 | 2 ]
H HOIST MHOUSE 2 | 2
4 YEHICLE MAINTENCE I 1 l
I GATE HOVSE /] | l 4
21 | MING FILTER / I | /
16 EMERGENCY POWER | /
G RAD. WASTE L(AYNDRY ! ! / /
12 R.H. WASTE 71517181 2]
JTOTAL 40| 24 |40 | 40 12 | ¢ 2

- PEAK WATER DEMANDO BY FIXTURE . UNITS |
TOTA L SITE. o

WATEE CLOSET 40 ¥ /D = 400
UR IN AL 24 x 5 = |20
LAVATORY 40 x 2 = 80
SHOWE [ 40 » 4 = ]60
DRINK FT. = 1O X | - 10
JAN., SINK € ¥ 3 = 24
FOOT WASH 2 x 4 - 8
KITCH EN = 100
TOTAL FIXTURE UNITS = 9072
TCTAL DEMAND G022 FU = 200 G P M.

USE DUPLEY CONSTANT PRESSURE SYST'.'."P.YA
2OOGPM AT GO PSI FoR DISIRIBUTION,



S oave HOLMES & NARVER,INC. s ne 82500

TECHNOLOGY — CONSTRUCTION
: 400 E. ORANGETHORPE AVE.
Arrmoves paTE © ANAHEIM, CALIF. 9280 oneer__2. or.

rme WIPP = WATER DEMBNDS e ERQ  owre2:22-77

MAN- MATERIALS BUILDING
FINTURE UNITS

WC - 10 x10 . e OO
U - 6x & + 30
LAV - 1ox 2 = 20
SHOW- 23% 4 - 92
D.F. - 2x 1 = 2
JS - 2x 3 = 6
FooT WA~ 2 % 4 = g

TeTAL F.U0 = 258 FIXTURE VUNITS
oTAL DEMAND = 258 FU = IDOGPM. PFAK

ADM/lerzAr/oN BLOG
FIXTURE UN/TS

WC = 18 » 10 = |50

U - e X & = 30

LAV - 5 » 2 - 3o

J S~ 3 x 3 ~ . 9

KITCHEN Co®_ o0
TOTAL = 314§ FIK ¢YNITS

" TOTAL DEMAND = IO GPM_ FEAK

TRU WASTE
FIXTURE INITS

wC ~ S x 0 = 50

v - 3 x & A ¥-1

LAV ~ 5x 2 = |D

SHower - & x 4 = 32

J.SINK = | X 3 P
TorA L /!0 FIXTVRE UNITS

TOTAL DEMAND = 70 GFPM -PEAK



CHECKED

APPROVED DATE

oare HOLMES & NARVER.INC.
TECHNOLOGY — CONSTRUCTION
400 E. ORANGETHORPE AVE.
ANAHEIM, CALIF. 92801

SHEET. 3

Josm NO_.X.ZiI:_QQ_————’

or

me WIPP —~WATER DEMAND

By ER

WA RE HOUSE ¢ SHOPS

FIXTURE UNITS
WC - 6 xto
v - 3% 5
LAV - 6 X 2
SHoweRr -2 X 4
L SINE | £ 3 =

TOTAL =

uvon

14

o
1S
l2
g
3

—r————

98 FIXTURE UNIfS

JOTAL DEMANO = €7 6PM PEAK

_ pare2-22-72

HoOIST HoUSE

FIXTURE UNITS
we=- 2 xlo - = 20
LAV - 2 » 2 = 4
TOTA L - = 24 FIXTURE UNITS
TOTAL QOEMAND = 406 GPM PEAK,

VEHICLE MAINTENANCE

FIXTORE UNITS
wce - )

x /10 = |O

U - ) X 5 = S

LAV - | x 2 = 2 , |
JOTAL = |7 FIXKTORE UNITS

JOTAL DEMAND = 33 GPM PEAK.

GATLE HOUSE

FIXTURE UNITS
We -

/| »/0 = | O

LAy - Jr 2 = 2

TOTAL =~ [2

JOTAL DEMAND 2LGGPM PEAK
MINE  FILTER.

FIXTUVRE UNITS
wWC- | x /o = JO
LAV - | x 2 = 2
SHOVWER | X 4 = 4
D.F ! r < /

JTO7AL -

—

17
JeTAL DEWAMND =
1

35 P PEAK,



HOLMES & NARVER.INC.

CHECKED DATE TECHNOLOGY — CONSTRUCTION

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

TITLE IM [ P P =

WATER DEMAND.

Jos No. fz 5l . OO
SNIIT._A or.

EMERGENCY POWER

FIXTUORE UNITS

WC - ! x j0 = 10

LAV - |l x 2 *» _2_
JoTA L - 12 F.0,

JOTAL DEMAMND =

26 GPM PEAKR

By AR _ Dare2-22-77

RAD, WASTE LAUNDRY

JOTAL DEMAND = 76 6GPM

FIKTUYRE UNITS
wc- l » 1o = 1O
LAV - | x 2 - 2
SHOWER- ) X 4 = 4
D, F - 1 x| = l )
TOTAL = )7 FU.
JOTA L OEMANDG - 33 GgPM PELEAK
PR.H WASTE
L FIXTURE UNITS
‘WC. -7 X110 = 70
Uo = 5 X 5 = 25
LAV— 7 X 2 = 14
StlowerR -~ §x 4 = 20
"OF = 2% | = 2
JSINK- | xZ ¢ 38
JOTAL = |34 F U

PEA K,




SUSPECT WATER Pons
200,000 6AL = 20,737 cF£ USE 32000cH
@ AvE DEPIH LSE 70'x 70’
720x70=> 44900 5F

30000 = G./12'
4900

MARE DEPTN 7'

SIPE swerpP&s 2@l
BoTrosn pDin 58'xX58"

20 ELASTIc =D
POLYOLEFIN LinE /2




'/'Amé/z EPTER ,.
i BEEM DyTcH

cC = I7A7 = l§ 5F
F % 20x8 = sp0 5F

= foorip=ny 5F

12k



EFFLUENT PoND

250,000 GAL SToRAGCE
3' LI Quip DEPTH
3' FREFBOARD

25%0e0 = 33 422 cF
2.98

33',‘;’-’:‘ = 1, /40 3~ & AvE DEPTH |

U774 = /o5 . 6"

VSE po
] / e,' ' /
/0 “ > ‘A/O_%

AD MIL ELASTIZ12ED
PoLYy OLEFIN LINER

e
Y x 14= k496

oM X104 = tog) b
Hx12Bx2r = fto2™
/83>

)37-/3T 5% 5 oF S/ LiNER



Electrical Calculations



HOLMES & NARVER.INC.
cueexeo oATe TECHNOLOGY — CONSTRUCTION Jos No
APPROVED DAYTE 400 €. ORANGETHORPE AVE.

; SHEET. or.
| e cEEERENCE EtEcTOON COMD EOLES L KPR  ondlef77

TTRE WIPP gLecTiRIcAl (oAD SUIMMARY
HAS BEEM CORIPILED UTILIZING ESTIMATED |
MOTOR HORSERCWER SIZES, THE CoMNECTED
NORMAL AND wviTBL (oADs, 1N KVA, HAVE

BEEN CALCULATED  USING THE FOLlowtiS

FORMULA .
LOAD(KVA) =[Futs roap POWER SUPAL
| CUREET-AMPS |73 /N KV
FOE OMNE PHASE /

139



NOTE :

RH WASTE FACILITY

These calculations were originally performed
for the dual preparation/decontamination room

concept. " Room sizes have changed. Lighting
loads are conservative.

\ut



ILE.UN‘!.\.A"‘!G:‘.E = CULA""H‘JN SHEET
For Use with IES Zonal-Cavily Method
(See individual data sheets on luminaires for coomcmm of utulu!ica)

GENERAL INFORMATION . = | . o
Jompanynameandaddress...-..' .......... HA—c.....%.................Q........;............
Area to be lighted. ............. AOCKER,, RMfSA{owq
Design level of nllummation ......... LA ES (initiat) (maintained)

Calculated by................ ....Date...... .....Checked by ............ veeeeee .Dlto...:....'..

DESCRIPTION OF AREA AND LUMINAIRE

Dimensions o — . ‘ f ;

.
...... -23......Room Length ° _ l ws. g
....... 35.......Room Width ' R et
N (3
D eeeaes Y75 2 Height of toom between luminaire & work plans (hrc) ' ‘ 3
...... 2s7.......Distance from luminaire plane to ceiling (hee)
....... Q. .......Height of work plane above floor (hfc) -
Room Surface Reflectance 7 70 ) L'u-mlnlln
Manufacturef............: ..... .
Catatog No. ............ 2408....... teesanas .-
No. & Typelamps .... & F¥2 S . vuennn..
Lumeml-l..mp.........‘.?.’.? .....
Light foss Factor ........ LY s
(LLDX LDD) ’ .
SELECTION OF COEFFICIENT OF UTILIZATION o ‘ -

1. Determine cavity ratios using Table A or by formula )
Room Cavity Ratio = .8 ; Ceiling CavityRatio=" ./ : Floor Cavity Ratio= o
2. Obtain effective ceiling cavity reflectances (u..) from Table-B; pe= & 7. ' '
3. Obtain effective floor cavity reflectance (,;,.) from Table B; pr = 20
4. Find cocfficient of utilization from published data (for y,, = 20%)C.U. =" .67

Ne. orF FCOr caNDLES X ARLA

FIXTIRE S LAMPS[FixTume X LVMENS Jiarar X CU X LLF

1o X 1855 /8550

6200 A .67 X758 - )56

1

\
o




ILLUMINATICHN SRS ST

For Use with IES 2anoh Cavity Method 5. ..
(See individuat data sheets on !mmttm for- codﬁicm ;

GENERAL INFORMATION . o . A
40mpanyname'andaddf.“.....‘............H'.l."nq.‘.'.o.?u.n..n.-..u.;oj...-u...‘o...-..'.-...'
Afel t° be llgh'ﬁd oooooooooo - . o L3 . . .?ow:. :coo'ino:n‘;;o‘:o-.o‘o;oo' 0;.;‘::' 0‘.-&:?0:.‘000.0.0.'.0

Des’gnleve'o’l"umin.‘m --o-oootooooq‘PFSh"&mm il Rl ST i ¥ o \ ..

ca'culated by ................. ;.00.'. ....... mm”..‘l....""...'..'N..m..l’;‘..-...
DESCRIPTION OF AREA AND LUMINAIRE o X -
. OLUMNARE T
Dimensions - : ) e r .
A L1
...... ,.’.‘?.......Room Length ° : l .
...... {2.......Room Width o .----_.m-_.z.
e XS L Height of room between luminaire & work plane (hre) _ )
...... £.5......Distance from luminaire plane to ceiling {hee) S :
 eeecess ? ....... Height of work plane above floor (hfe) ' ' - '

Room Surface Reflectance 17 70 B Luminaire
Uy - SUU Ceiling : a Manufacturer ...........
................ .Walls above luminaire piane Catstog No. ........-?./.0.‘?.............;......- (

vee B4 . Walls between luminaire & No.& Typelamps ..7. FHOGW i veunnnns

' workplane Lumens/amp .....3..00 '
................ wa'|5be|oww°’kp'.n. ) u'"' '”‘ Fm ...'.??I.‘Q...O.............
...... 30........Floor , (LLDx LDD) o
SELECTION OF COEFFICIENT OF UTILIZATION h o
1. Determine cavity ratios using Tablc A or by formula :
Room Cavily Ratio = )3, 5 { Ceiling Cavity Ratiom ,5°  ;FloorCavityRatioms &

2. Obtain effective ceiling cavity refiectances (,..) from Tadble B; pee= ¢¢ R .-

3. Obtain effective {loor cavity rellectance (i) from Table B p, = 20

4. Find coefficient of utilization from published data (for u. = 20%)C.U. =" ,2¢ i
4 . L _ ]
Na or Feor cANDLES X ARFA
FixTunes LAMPS/Fixtume X LymBnS [iamr X CU X LLF ’
= /0 X /oo ' 1080 = 1.L8 = 2 za E
3,100.5.1(,;\.75 - ' 594,! L ‘ i 1:
AN
v V_; " ! e
“ "



JLLU MINATION CALCULATION SHEE'I‘
. For Use with IES Zonal:Cavity Method - K
(See individual dma sheets on luminalm fot cocﬂ:cietm o' mlllnuon)

GENERAL INFORMATION . S o B .
Companynameandaddfen .H‘rlgL‘DG..........
Areatob‘"gh'“...; .......... 7 ‘........zfi...;.:.l...;..;’.'..............'."A.‘....
" Design level of ilumination. ... JQES....... (el (malntllmd) |
Calculated by..............l-.....'Dlte.;..'; ..... Checked by. ........ ..... Date.. Ll ee
' DESCRIPTION OF AREA AND LUMINAIRE o $
= -L.—m
Dimensions o I . N f
) . . N . : (o Y '
...... Ao .. ....Room Length " S - , ' L l,'
....... /0, .. ...Room Width ' ;.._-_-..m-- .
Ceeene 3.5...... Height of room between luminaire & work plane (hrc) ‘ 1
Y - X Distance from luminaire plane to ceiling (hee)
Ceeeeenn @....... Height of work plane above floor (hfc)
Room Surface Reflectance 17 % i Luminaire
Celling - : MENUICIUTEY - . eeeeeaineeeeeannenens
Walls above luminaire plane Catalog NO. ... 88000, .. .coieiieinenneranans :
R X - 0 Walls between luminaire & No. & Type lamps . L F¥2C¥ . ....... e
work plane Lumensiem ...... T = R S
Walls below work plane Light loss Factor ..... . B

Fioor . (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= &
. 2. Obtain effective ceiling cavity reflectances (p..) from Table B; ppe = <5 . .
3. Obtaln effective floor cavity reflectance (,..) from TableBi e = 20
4. Find coefficient of utilization from published data (for ;. = 20%) C;UZ":.-."’ Y26

Neo. oF FCOT cAnNDLES X ABRFA

FIXTURES LAMPS/FixTomE X LVMBNS fiamr X CU X LLF

= 1o x 'eo Prr

3700 X 26 X.75 T gou.5

|

1y>



ILLUMINATICHN C:AL!:ULA"'IQN S*HEET" IR 1
For Use with IES Zonal-Cavity Methed B .
(See individual data sheets on luminaires for cocmcicmt M mmuum)

GENERAL INFORMATION . - B
Jompanynameandaddfess ............. H 4- o..aooc.--ooci.o.oot-nooo..on-o.o-o---.;--oo'
Afea‘ObQ “gh‘ed ........ X EEEE) Q.PFIFE;:-.'- /0)-.;03-3..000.0. -o--o'oo.o'oo.o»o.-'o.;-oogo-’o‘l
Design level of illumination. ... .......... 28 FC. ... tekiel (maintained) , ‘
Calculated by................ w...Date. . ... heaes Checkad byLDato .......... A
DESCRIPTION OF AREA AND LUMINAIRE ~ TR
Dimensions o ' - r- -—f.. T
‘ e 4
TSR b’ S Room Length ° : 1 L ».
........ t1....,.Room Width : : . | e o ,-_.Z_
Ceeeees SRCLAO Helght of roof between luminaire & work plane (hrc) ~%
....... a.5......Distance from luminaire plane to ceiling (hcc) ,
AL Height of work plane above floor (h¢) N

Room Surface Reﬂectanco n % o - bLuminaire
..... 22........Ceiling MANUTACIUTEE « .. oeeeeeeneeeeeeneeensnnnnsann
............... Walls above luminaire plane Catalog No. ........ 7000, . c.iieiirirrensaaas: ‘

LED AL Walls between luminaire & No.& Typelamps .. 4 = F¥oCw | P

work plane * Lumensicemm ....... 5200 . ... ceeeionene
"""""""" Walls below work plane " Light 1088 Fagtor .....2 2% . iieiiiennsass
..... 4@ ....... Floor (LLD x LDD) A
SELECTION OF COEFFICIENT OF UTILIZATION ' o
1. Determine cavity ratios using Table A or by formula :
Room Cavity Ratio = /0.3  ; Ceiling CavityRatio= ., 5 iFloor Cavity Ratio=" 2.3

2. Obtain eflectlve celling eavity reflectances (p..) from Table B; g = <S¢ o
3. Obtain effective floor cavity reflectance () from Table B; e = /&

4. Find coefficient of utilization from published data (for pp. = 20%)C.U. =" ,26

Ne or FcoT cANDLES X AEIA

FIXTURES LAMPS/FixTune X LUMENS [iamr X Cu X LLF
70 X 132 - :
6200 X 75 X.2L 12.09



lLLUN‘h\.A"‘ID. d CALCULATIDN SHEET
" For Use with IES 2Zonal-Cavity Methed '
(See individual data sheets on luminaires for coemctm ot mﬂm)

GENERAL INFORMATION . - .

Te

..ompanynameandaddm. ooooo oo..c;-..oc#“'togﬁ?ococnoooo.o;'oou.ocoooo.-oooooo'oooooo'o"oo-oo

Area to be lighted........

.000‘?.0.&0'0 --.o-o--oo’.oonoooon-'o-o-o ..o'loo..oooooocoo'o..t..;

‘Designlevel of illumination. . ......... 22 . F&....... (inibiel) (maintained)
Calculated by. .........cc00iinns. Date.......... Chectodby PRI « - . JN
'DESCRIPTION OF AREA AND LUMINAIRE | 4
. S l -—m A-l---
Dumensnons o A r .
' - , ' _ - Iy
...... .19 .Room Lenglh ’ . l we |
......... 7......Room Width ' Fm-meeeboo -
L
....... L{.......Height of room between luminaire & work plane (hrc) T '
...... ©,9.......Distance trom luminaire plane to ceiling (heg)
..... A3.......Height of work plane above floor (hfe) ) )
Room Surface Reflectance 17 % ._ ~ Luminaire |
Ceiling ' : Manuuclurer............:.... ........
Walls above luminaire plane Catatog No. ........ Jiee ... Ceeesenenans
o~ P Walls between luminaire & No. & Type lamps .. & TF40ewW ... .
work plane LumensAamp ....... 6200 .., ceeeieieeees
Walls below work plane " Light loss Factor ...... X0 JU ceeecenens
Floor. . (LDxLDD)
SELECTION OF COEFFICIENT OF UTILIZATION ‘ N

1. Determine cavity ratios using Table A or by formula . _
' Room Cavity Ratio = 2 : Ceiling Cavity Ratio= , 45 ;Floor CavityRatlo= 2.3
2. Obtain effective ceiling cavity reflectances (,..) from Table B; ppe = 4 ¢ ‘ '
3. Obtain effective floor cavity reflectance (p..) from Table 8; pre = /&
4. Find coellicient of utilization from published data (for uy. = 20%) C.U. =: «26

Na or FEoT canDLES X ARLA
FIXTVRE S LAMPS[FixTuRE X Lumens fiamr X CU X LLF
720 X 126 S
= - FL20 — = -
4200 X2l Ay /1209

P PUECTRPIE SR 2NV S A

——n ks e
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A L T T

LUV ATIEN SR QHEE"P

JUEPSUURWORN - S SEC VP S T3
T
P T

Feor Use with. mmi_ - 42 RS ;,,; i
(Seolndividualdata lhnﬁ.ﬂifmﬂ’ﬁlm‘m SOTTiciombrofamnieaiany - << < =TS
GENERAL INFORMATION . R
-ompanynameandaddress ........ H /na"oa......
Afe.tobe "W ..... ......mmg... mm'nﬂn...m.& S0000eevecsisnscsscsnsecne ’
DeSlgn 'QVQ' O' l"UfﬂlﬂI“ﬁﬂ QG.'..'.Q.."?'.F..OOOC..-Q‘W}MM"W S~ R -
Calculaled by........}.... 1..;...Dlte .......... Checkoqby.........«........,....Dlh...;......

DESCRIPTION OF AREA AND LUMINAIRE l_
b -

Dimensions _ ,/ . | ' - i-TL--

..... 5&.......RoomLength ° , l ».
u...J.z. ------- ROOmWiﬁth M h---p-—m--id
s 1]....... Height of room between luminaire & work plane (hrc) =
...... O.5...... Distance from luminaire plane to ceiling (hee)
...... 2.3, ......Height of work plane above floor (hic) N
Room Surface Reflectance 17 % . Luminaire
...... 7@.......Ceiling MANUIACIUTBY . . .o eeeeenceeeennnseaeannneenn
Walls above luminaire plane Catalog No. ...... %020, .......... ceeeensenn:
...Walls between luminaire & No. & Type lamps .. 2.c£9Q.CY¥ L cvuuee...
work plane Lumens/itams . .... /6200, . ....... eenenes
-Walls below work plane ) Light loss Factor ... . TP cescscesbsban
Finar (LLDx LDD)
SELECTION OF COEFFICIENT OF UTILIZATION - ' -

1. Determine cavity ratios using Table A or by formula
' Room Cavity Ratin — 5.5 : Ceiling CavityRatio = , 29 :Floar CavityRatia= /.25
2. Obtain effective ceiling cavity reflectances (..} from Table B; pee= &7 ' '
3. Obtain effective floor cavity refiectance (..} from Table 8; ppo = 20
4. Find cocfficient of utilization from published data (for y, = 20%)CU. =" ,3&

Na oF Feor canDLES X ARFA
FIXTURES LAMPS/FixTURE X Lumens framp X CU X LLF

6200 X ,75A,38 17632

16
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ILLE RGN ATION CALCULAT"DN SHEET
o For Use with IES Zonal-Cavity Method o .
(See individual data sheets on luminaires far coclficicnts of utilization)

GENERAL INFORMATION - . = . S L. v
,ompany name and address. HL.ﬂLDG.
Area to be lighted.............'...QQHI.@Q‘.’...Q@f?.o.'.".'...........
Design level of illumination. . ......... 70 F&. ... . (imitiet) (maintained)
Calculated by....................Date..........Checked by......... e Date..........
DESCRIPTION OF AREA AND LUMINAIRE $
EEN . hee
Dimensions : - T -.—f---. o
‘ hre
...... 54 ......RoomLength l wp. /3
...... /2.......Room Width : e
. . (J
D eeeens 8. Height of room between luminaire & work plane (hrc) 3
...... ¥, .......Distance from luminaire plane to ceiling (heg)
D e 2:2....... Height of work plane above floor (hfc) N
Room Surface Reflectance 17 % ) Luminaire
ann 70....... Ceiling . Manufacturer ............ e eeeneeennn Ceenees
S (S Walls above luminaire plane Catalag No. ....... A P
LSO AL Walls between luminaire & No.& Typelamps .. 2 . .F4Q. &MY, ..........
S work plane . Lumensihamp . ... ... 3109 i ieneee
""" «+« e o>~ ... Walls below work plane - Light 0SS Factor ........29. . cceveernnconccans
..... AQ........Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION ' -

1. Determine cavity ratios using Table A or by formula - :
Room Cavity Ratio = 5.9 ; Ceiling CavityRatio=9, 3 :Floor Cavity Ratio= /. S~
. 2. Obtain elfective ceiling cavity reflectances (p-) from Table B; pee= & ¢ A .
3. Obtain effective floor cavily reflectance (,..) from TableB;ppe = / &
4. Find coetficient of utilization from published data (fcr . = 20%) C.U. =" .39

Y

No. oF . FCOT caNDLES X ALFA

FIXTYRES LAMPS/EiaTunt X Lomgns Jiamp X Cu X LLF
- 70 X §4© i 3728°° . 20
: tr200 X .75 x ,39 ) 12 3,5



»

ILLUMLVYATISN CALCULATION SHEET
\ For Use with IES.ZonakCaw'ty"m o
(See individua! data sheets on luminaires for coofficionts of utitization)

GENERAL INFORMATION . = ' S
‘ompany ’;ame'and address ..... s s s s 0sv a0 ‘ 'Q..d" é‘. .'.@..L'.D.q. .‘....'.'v'........‘...A'..‘.'.'-.‘......"
Area to be lighted. ........... 5..’({.‘.’;’?./4\?.9;;. .4 nece'v“'a ‘P’?K\.. ceceesees
Design level of illumination. .......... 20..F%. ... .. . (inltisl) (maintained)
Calculated by................. ...Date..........Checked BY..oovuen e eeeeeeenans Date..........
DESCRIPTION OF AREA AND LUMINAIRE
. , - LA _ % _A2%
Dimensions R ' : f : :
‘ e CH
..... 2- !.41....._..RoomLenglh ’ A\ l wo.
...... 34.......Room Width o | .-_--_-_.m--.t__
e seS.. ... Height of room between luminaire & work plane (hrc) . T
...... Z;$5.......Distance from luminaire piane to ceiling (hee):
Y~ S Height of work plane above floor (hfc) ' -
Room Surface Reflectance 17 % ) ‘ Luminalre
....... L. ... .Ceiling ‘ . Manuucturer....,../f?.‘:‘:ﬁ’:’f?!‘:f......;....
.............. Walls above luminaire plane Catatog No. ..........0 0087 EG-PI=277.
2R .N.... . .Walls between luminaire & No. & Type lamps ...... ONE...... Ceveceneons
work plane Lumens/Lamp ........ Joo000. . ........ teeeee
SRS AR LR Walls below work plane . Light loss Factor ........ o P X m 8
/> D .- .Floar : _ (kLD x LOD)
SELECTION OF COEFFICIENT OF UTILIZATION A

1. Determine cavity ratios using Table A or by formula : - 4
Room Cavily Ratio = 9.0 ; Ceiling CavityRatio= , 4 :Floor Cavity Ratio= ,9 -

2. Obtain effective ceiling cavity reflectances (p..) from Table B; pee= ¢4 . ' - '

3. Obtain effective floor cavity reflectance (,.) from TableB; p. = 19

4. Find coeflicient of utilization from published data (for . = 20%) C.U. =" 0.%¢

Ay

No, orF FCOT canDLES X ABFLA
FIXTURES LAMPS [FixTume X LUMENS [iamp R Cu X LLF
. 4 - '.a N :
= 20 X 777¢ - | SXs5 2 /‘D;G . 12
so0oc0o X ,36 X /&) . /@4 S¥Po :
. ] .
¢M. ’f 6“"‘ I o ?b.’ a/wf

T 3

.
e e e ™



ILLUN‘!.\!A""!G g CALCULA"ION SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheels on lummanros for cocmcicntl of mlllzatlon)

GENERAL INFORMATION . R T -
,ompanyiname and address....... . ..“H:.lr-:..ﬁ.'.'f.o.('..'......'....................‘.....- '
AfealObe hghted ------------ M.E'C.H /Cuegcto'gctnooaooo.of /’.0.ou..oo'&)oo..oo..oo.
Desugn level of illumination. .' ....... AREG . ..., m) (maintained)
Calculated by................;...Date.....;....Checked SR -1 S
DESCRIPTION OF AREA AND LUMINAIRE - —t
. _ , . L. -L-.....'"_.. -
Dimensions S ' f .
...... 53 ......Room Length . .h w.r. 7é
...... 3%.......Room Width ' _---___M'..-.z’_..q
-— (]
Ceeense 7u8 ..., Height of room between luminaire & work plane (hrc) 9
...... 4.5...... Distance from luminaire plane to ceiling (hce)
....... “ .......Height of work plane above floor (hfc) N
Room Surface Reflectance 7 % ) Luminaire
Ceiling ' MANUIACIUP®Y .. ... eeeenneeeennnnnens
Walls above luminaire plane - Catatog No. ........... /930 .................
Walls between luminaire & No. & Type lamps ..... 122 W iiiiiannn,
work plane Lumens/Lamp ....... 7 500
Walls below work plane T Light foss Factor S .
Fioor "% ooy SRS of AR .
SELECTION OF COEFFICIENT OF UTILIZATION ' *

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 2.25 ; Ceiling Cavity Ratio= , 5 : Floor Cavity Ratio= ,& -
2. Obtain effective ceiling cavity reflectances (p..) from Table B; g, = &4, ' ' ‘
3. Obtain eftective floor cavity reflectance (;..) from Table B; pr. = 79"
4. Find coefficient of utilization from published data (for . = 20%)CU. =" ,& L

No. orF FcoT canDLES X ABTA

FIXTVRES LAMPS/FixTurE X LVMENS Jramp A Cu x LLF
_ 20 X /1855 3 2700 -
- - ————— - 7,3

9500 A 4G A &! yo79

[PV JPUS R AP

e ¢ o e

ot ke T e S e mm S ¢ e

i —

§ v e s & ———y »

[



|| IR 4TH l.\_A GO CAL CULA""IDN SHEET
For Use with IES Zonal-Cavity Method
(See individuat data sheets on luminaires for cocellicients of utlllutlon)

GENERAL INFORMATION . ‘ : -
ompény name and address............. H 4’3"‘05 ..................... cosessssnenss
Area to be lighted........... & .4.5.5....5(-:?.\( ..... Lorel LEVEL)
Design level of llumination.......... J2 FG........ gmitied) (maintained) .
\ .
Calculated by.............. S Date.......... Checked by .......... e eeeiaas Date......... .
DESCRIPTION OF AREA AND LUMINAIRE ' I
. | [ A _ e 425
Dimensions ' ' f .

. me 295 |39
U X S Room Length we.
....... 17.......Room Width i Do

]
L eeeees 2o5...... Height of room between luminaire & work plane (hrc) 5‘

....... %,9......Distance from luminaire plane to ceiling (hce)
........ “f.......Height of work plane above floor (hfc) }
Room Surface Reflectance 17 7o ) Luminaire .
...... 7@.......Ceiling ‘ . Manufacturer ...... 7060 . iiiiiiinnn..
.......... /7. .. .Walls above luminaire plane Cataicg NO. oo 330 s

7Y~ RS Walls between luminaire & No. & Type lamps .....;/80 Y HP3. .......

: /\ work plane Lumens/Lamp ...... 7502, i,

"""""""" Walls below work plane Light loss Factor ..........% ‘9/ sstesssrsemanes
R 2 B, .. .Floor, (LLD x LDD)
SELECTION O" COEFFICIENT OF UTILIZATION ' -

1. Determine cavity ratios using Table A or by forfiula
Room Cavily Ratio — 2 ¢ : Ceiting Cavity Ratio = , Xy :Floor Cavity Ratio= /. 3~
2. Obtain effective ceiling cavity reflectances (p..) irom Table B; p.e= $5&
3. Obtain effective floor cavity reflectance (..) from Table B, ppe = /&
4. Find coefficient of utilization from published data (for y. = 20%)CU. =", %45

Neo or T Feor canDLES X ARFA
FIXTURES LAMPS[FIxTuRE X LVMENS [LamP X Cv X LLF
le X 952 5820

\
\
W

G500 x 4SS A& - %2ve 3



—

ILLUMI.\.ATIGN GALCULI‘ IDN SE-'EET
For Use mlh IES Zonal-Cavity Method ' '
(Seo individual data shaets on Iummawes for coomcioms of mmutian)

GENERAL INFORMATION . =~ -~ = | ' .

,ompanynameandaddress.....-.........).".':.L.;...B.f‘.‘..g'....;........................'.......;.....
Area 1o be lighted. ... .....Q..é......fRFPAM.T!.?. /.péngM.........
Design level of illumination. . ........50. F& ... (initial) (maintained) | .
Catculateaby................*....Date..’...' ..... cm:keclbly._.....................D;h.....:.......‘.

DESCR!PTION OF AREA AND LUMINAIRE

Dimensions _ - —-f-- 7 -
i Wl
Y Room Length * o . | & ws.
..... &2........Room Width : ——eeclo £
. L
D eeees 3%5....... Height of room between luminaire & work plane (hrc) . 3
...... 2u%.......Distance from luminaire plane to ceiling (hcc) '
e L S Height of work plane above floor (hfc) -
Room Surface Reflectance 17 % o Luminaire
..... 7.0........Ceiling o MaNUIBCIUTBE . .. neeeereeneenennnseseecennnns
Walls above luminaire plane Catalog No. ... . 242. £& T R1:270.........-
Walls between luminaire 8 "No. & Type lamps . 2V5. . “0Q W, HPS ...
work plane Lumens/Lamp ... . 50,000.......... Cesesean
IAARRRAREEMER A Walls below work plane Light loss Factor ...... . - S ceeee
Fioor | (LLD x LDD) |
SELECTION OF COEFFICIENT OF UTILIZATION S
1. Determine cavity ratios using Table A or by formula : :
' Room Cavity Ratio = ¢, 3 ; Ceiling Cavity Ratio= , 25 :Floor Cavaty Ratio= . 4
. 2. Obtain effective ceiling cavity reflectances (,..) from Table B; p o= £ ¢ . o .-
3. Obtain effective floor cavity reflectance () from TableB; pr. = 20 ‘
4. Find cocfficient of utilization from published data (for ;.. = 20%)CU. = ,S5S
Neo or Feor eanDLES X ARBFLA
PIXTVREG S L;‘h'ﬂj/ﬁ,,ru",( X LV";NS/MM" P Cl’x LLF
so x 5580 ' ‘
= ' C - 2.5
50 000 )\‘8’/4 .55 .
2.0 - cavlan

w-w-v—of‘fA 22 Zon



ILLUMENATICN CALCULATION SMEET
o ‘ For Use with IES Zonal-Cavily w 4 _ _ .
(See individual data sheets on luminaires for coofticionts of utiTization) |

GENERAL INFORMATION . = | ! .
Jompany ﬂame and add'ess ----- ‘.. ..oH:--L;J. o@céoDoG-.o-u.o-oayloooo'ol'o'ooococuo-{o-'o‘ooo.oo;oc'-oo-t' .
Area o be lighted. ........... LOLER:. . TRANSPER (HOT. CELLD . iivinnnr
Design level of illumination. . . ..... . R0 FS . umitiel) (maintained) -
Calculated by................:...Date..... e Ch'eckodby .............. P Date....ooou..
bESCRlPTION OF AREA AND LUMINAIRE. : ' ' $
- . - -Lc-“— —L--
Dimensions : : : , f .
...... 4% ... .RoomLength ° . | .[ ws. 40,
...... <4 . Foom Width S . b-____."..-.é_..‘
- . | ]
U 11 2 Height of room between luminzire & work plane (hrc) ' ;
...... 4+5......Distance from luminaire plane to ceiling (hee)
 eeeeene Y. Height of work plane above floor (hfc) )
Room Surface Reflectance 17 %o ) Luminaire
R { - Ceiling ' Manufacturer . ..... . HoroPpane ...
................ Walls above luminaire plane Catalog Mo. ....... /247 &G Pl7.270 ..
..... 20.«.....Walls between luminaire & No.& Type lamps .....ONA.. T.46Q WATT HFS

work plane Lumens/Lamp ...... faooco .. S
""""" -+ - -Walls beiow work plane Light loss Factor ..... .. “ eiisescsenras eses
..... 2.0........Floor (LLDxLDD) ° ,
SELECTION OF COEFFICIENT OF UTILIZATION ‘ A b

1. Determine cavity ratios using Table A or by férmuia

Room Cavity Ratio — 7.3  :Ceiling CavityRatio= .5 : Floor Cavity Ratio= , &
2. Obtain effective ceiling cavity reflectances (p..) from Table B; ppe= &< ' . '
3. Obtain effective floor cavity reflectance () from Table B; g, = /9
4. Find coefticient of utilization from published data (for p,. = 20%) C.U. =" K X

Ne. ar FCoT canDLES X ARFA
FIXTURE S LAMPS[FixTurE X LumEns [ftamP X CU X LLF
: ' s :
50 X 211 - ,fos.'fo = 5o »¢
T foeep aAMe X8I .. [fe30 , :
2L avw qf 3

e+ —————



‘ILL‘.E_SM!:‘ ""'IBN CALCULA‘?IQN SHEE‘T
* For Use with IES Zonal-Cavity Methed '~ :
(See individual data sheets on luminmtm for coomclcml of mmmm

.
ot A

GENERAL INFORMATION . = - e
4°mpanynameandaddfe” R N R NN X ...'.3.. QGo'oco-otooooo-c-o-oon.vcvoo;'.-aoo'oouoooo' a ’;
Afeato be "ghted ......... S: .Z;’.MQF. &ooo?m.-olc‘too..oo.oocﬁo o.-coooooot-ooooo..q.o,oo.. 3
Design level of illumination. ........... JO0.F.C. ... . gniiel) (maintained) _ | 5
Calculated by................ ....Date......... cmcuony errerreenree U . T
DESCRIPTION OF AREA AND LUMINAIRE i ). S -
Dimensions : o I -—f T E . &
...... ~22 .....RoomLength ’ . ' ‘ ‘ o l ». e ’
....... {%......Room Width : ' ETEETY. --.4’_’...
. L3
Ceeeees SN2 N Height of room between luminaire & work plane (hrc) T
....... 4.5......Distance from luminaire plane to ceiling (hee) . = - ' o : .
 eeeeeeean 4...... Height of work plane above floor (hic) ' . '
Room Surface Reflectance 17 % ) ' ' Luminaire
....... V..o .. .Ceiling Manufactum............:................;..
................ Walls above luminaire plane Catatog No. ............ 730, ceiivninnnnnns-
LTl A Walls between luminaire & . No. & Type lamps ....... (P eenenannns
;’vqu:‘ pt:a:“ ol _ Lumens/Lamp ....... 2592 L reeee
""""""" alls below work plane : Light loss Factor ......:. &7 . .iiieeieneenene
eee 2’2 ........Floor : (LLD x LDD) -
SELECTION OF COEFFICIENT OF UTILIZATION S
1. Determine cavity ratios using Table A or by formula o :
" Room Cavily Ratio = «.5  ; Ceiling CavityRatio= 7./ : Floor Cavity Ratio = l,&
" 2. Obtain effective ceiling cavity reflectances (,..) from Table B; 4, = u/ '
3. Obtain eflective floor cavily reflectance (;s.) from Table B; py == 75’. ,
4. Find coefficient of utilization from published data (for .. = 20%) C.U. =’ 5'14
Na or _ FooT eawDLES X ABFA- ‘
FIXTURE S LAMPS/FixTuRE X Lumens [Larar A CU X LLF
70 X ¢ 3O _ 7‘-&8."00' - 175 A — 1 ; .
- 9500 A T4 x.8/ wrss ' :‘
’ i




MLLUNMBTNATIEN t:'nt.cu W
For Use with IES 2onal-Cavily W
(Seo individual data-sheets on tuminaires for coomm QM

GENERAL INFORMATION . = - - S
.ompanynameandaddreu ..... HL!"%.............
Area to be lighted. ...... L"QIJ!......P%?:‘...JT.’!.........(.....,e-n..‘.’.’.)........'.......,..'. "
Design level of illumination. . ......... [0 FG ... ... ..(nital) (maintained) '

Calculated by................ .. Date. L., Chnckodby ....... Dlh '
DESCRIPTION OF AREA AND LUMINAIRE

. | po ~ - ‘L- - oy A
Dlmensiom - : r
' \ : v . L 2y
Cevenee - S7..... Room Length . o l wo.
........ L2 .....Room Width ' . . L...-_.»-_-fm--.é..‘
Ceeeeas 17:5. ... Height of room between luminaire & work plane (hre) T
....... 2.5 .... . Distance from luminaire plane to ceiling (heg)
e G....... Height of work plane above floor (hfe) )
Room Surface Reflectance 17 % -. Luminalre
R 4 ~ S Ceiling ‘ ' Manufacturer.‘;.......,..: ............
............... Walls above luminaire plane Catatog No. .........70 038 i,
..825..... Walls between luminaire & No. & Type lamps ...../ 02 Y . vieeiencnnnnnn
work plane Lumens/Lamp ......... D322, eeieannans
"""""""" Wails below work plane " Light 1088 FACIOT oo B8 e eeeeeeeeennnss
...... 42.......Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION ' -

1. Determine cavity ratios using Table A or by formula
Room Cavitly Ratio = &, & .; Ceiling Cavity Ratio = /.45 :Floor Cavity Ratio= 2.0
2. Obtain effective ceiling cavily reflectances (,..) from Table B; pee= S¢é ' '
3. Obtain effective floor cavity reflectance (,,.) from Table B; pr. = )&. .
4. Find coefficient of utilization from published data (for . = 20%) C.U. =: Wbl

Ne or - FcoT canDLES X ABTA
FixTORes LAMPS[FixTume X Lvmans [iamr X Cu X LLF
- 10 x 684 . _e%¥° . 2,02 —:

?5‘00,\.#-01.4&1 . 338'.6'



lLLUMh\!A"‘IGN ::ALCUL.c:nbN SHEE‘I’
For Use with IES Zonal-Cavily Method. -
(See individual data sheets on-luminaires for coefficionts of mmutlon)

GENERAL INFORMATION . = - . SR
JOMPanY nameand addfm........;.....'...H..L.....g....D..-....o..Q...'..-..--u‘..'..v.......'-lyn'..-.-'
Afea tO be 'lghted oooooooooooo M..ooooo /Eo‘c_ ] ol.co;oc z{?.’.o‘t‘?o'of'&o!'o;ooo’oo;oc.’.‘o.o.goo:.'
Design leve! of‘illuminaﬁon.'. ......... LA (intet) (maintained)
Calculated by....................Dafe........ Cl'veckedby DRI | XTI
DESCRIPTION OF AREA AND LUMINAIRE . 1.
. . - -L - o - o
Dumenslons _ o o f
- D w2y
...... 73 ......RoomLength , we.l
...... 4%.. ... Room Width - pe=---t S 4
L { ]
D eeeead A £%- AN Height of room between luminaire & work plane (hrc) T
...... 4.3 .....Distance from luminaire plane to ceiling (hee) :
....... L . ......Height of work plane above floor (hfc) N
Room Surface Reflectance 17 %o A Luminsire -
....... L. 7....Ceiling ' Manufactum...'.-........;'.......;.......;:..
.............. Walis above luminaireplgne ‘ Catatog No. /?30
L0o..<...... Walls between luminaire & No. & Type lamps ...... (OOMY . eiiiinannn,
work plane “Lumens/Lamp ....... 2 3
"""""""" Walls below work plane " Light loss Factor ......e?/."..................'.
R N - S .. .Floor {(LLDx LDD) o
SELECTION OF COEFFICIENT OF UTILIZATION I e

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = /.45 ; Ceiling Cavity Ratio= ,25 :Floor Cavity Ratio= ., %
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pe= & ' . '
3. Obtain effective tioor cavity retlectance (p.) from Table B; prp = 2.9
4. Find coelficient of utilization from published data (for p,, = 20%)C.U. =" .6 9.

N&. oF FCOT cANDLES X ABLA ‘
FIXTURE S LAMPS/FixrvRe X Lumans [Lamm A CU X LLF
o X He7A 93 940 ' .
: . = g /70 6 - ,9

9500 X ,LTX.91 - $309%5

l55 15



s

e wn NATICN E:AL!:ULA"‘!QN SHEET
~ For-Use with IES Zonal-Cavity Methed
(See individual data sheets on luminairos for coomcm of Mu&m

GENERAL INFORMATION . ' S e

4OMP3T\Y name and address ao'noo.o...‘..-H.o‘v-co:.nﬂo&.gé’tc0.’-0-00-00.ot‘o.oio-o'c‘-o-cocoo-.oouno'

Areato be 'lghted .............. @&RlDoo‘o:‘nco#o’..lltcolo"t olocoo-ooo.oo-oooo-oooooo.;

Des:gn leve! of illumination. .‘ ...... 8. EG. ... (Inttial) (maintained)

Calculated by................:...Date..........Checked ayom '

DESCRIPTION OF AREA AND LUMINAIRE SR 4

F—L——m——L--«

Dlmenslons f .

el $3....... Room Length * ‘ : | : I ws. 1o

l'lll.tél'fﬂ!'_'ﬁoomWidth ----’--m--L-l

L eeeas .'7:';? ....... Height of room between luminaire & work plane (hrc) 3

R - - T Distance from luminaire plane to ceiling (hec) '

........ @.......Height of work plane above floor (hf¢) - - )

Room Surface Reflectance 11 % ) . Luminaire

ceeaen 72....... Ceiling ManUIBCIUTET .. .nneeeeeeeneennnaens

.............. Walls above luminsire plane Catalog No. ........ 0700, cciivereeccnsoncas
.. 80.L.:... Walls between luminaire & No. & Type lamps ... {"EWQ G oovennnnnn.

work plane ‘Lumens/Lamp ....... 3lee........

"""""""" Walls below work plane ) Light loss Factor ......:?.‘s:............un-n

..... 20....,...Floor ‘ (LLDx LDD)

SELECTION OF COEFFICIENT OF UTILIZATION ’ R

1. Determine cavity ratios using Table A or by formula _
Room Cavily Ratio = #,& ; Ceiling Cavity Ratio= , 46 'Floor Cawty Ratio= O .

2. Obtain effective ceiling cavity reflectances (p..) from Tablé B; pe = ey -

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

4. Find coefficient of utilization from published data (for p,. = 20%) C.U. -.-." -32

Nea or Fcor cAnDLES X ARFA
FIXTURE S LAMPS/FIxTURE X Lvmans [fiarar X CU X LLF
= o X 3% 3.8 - 4,3

‘ : . 744 o
3100 x ,32x .73 ' :




7 - Cee e - e e e —

ILL LI .\!ATI c N CALC ULA""!Q’N BHEET
For Use with IES Zonal-Cavity Methed -
(Seo individuat data shoets on !mniﬂnm for Mch!mﬁ mﬂw

GENERAL INFORMATION . _ o SR
~ompany name and address. ..........;....;.T.H.lr...g'."..b.q.......;.;.........................' ;
.‘Areatobelighlt” ...... '...Ooo:ClI’Hﬁ..l.. '..'l.‘..'OQUOOOI.'...I.‘~.........'.Q....'.....,...A- » .l';;f‘;i
Design level of illumination. .... W 2R ESLLLLLL. :Mllﬂ {maintained)
Calculated by.............coc0enes Date..... coeo ONEEROEbY. ottt DB, i:’
. . | &2
DESCRIPTION OF AREA AND LUMINAIRE ‘ $ T ‘ g
: . ] [ &£
Dimensions ' B T e ,
| | N :
...... ~A7......RoomLength * l we.| ’° o
SRS SR Room Width . . £ 3
Y SO Height of room between luminaire & work plana (hrc) 9 ' ' ”_"‘E!‘
...... ©-3......Distance from luminaire plane to ceiling (hee) o a
...... 2.8......Height of work piane above fleor {nfe) _ . - ?
Room Smhce Reﬂcchneo n % ) Luminatre | :
.......'.7.? ...... Celling ,  MBAUIRCIUIRE . .ottt eenneeennnnnnnnnnanas
. cm.‘ﬂ‘m ......... .?.’.‘i.a. ooooo eeeceossveecnce ‘ ;
No.& Typslamps ... & RO, W, .......... _ ii;
Lumensihamp ........ 2200 . ... ......... S
" Light loss Factor ........ S N 1
(LLDxI.DD) .
SELECTION OF COEFFICIENT OF UTILIZATION ; . -
.
1. Determine cavily ratios using Table A or by formula ‘ i
Room Cavity Ratio = §, 24 ;Ceiling CavityRatio= o. 4 : Floor Cavity thlo_.-..: .9 ?;;-
2. Obtain effective ceiling cavity reflectances (,..) from Table B; pe= &5 o ‘
3. Obtain effective floor cavity rellectance (p..) from Table B; pr == /2 - ¢,
4. Find coefficient of utilization from published d=ta (for py. = 20%) C.U. =" , 43 _ ’ ‘}J
Na or Feor eanDLES X ARFA . .
FixTUvRes - LAMPS/FIxTURE X LumMBNS [earar A CU X LLF ‘
- 70 x /87 130%0 o : ,
= = 5 -7 A |
200 A ,43X.75 19?225 . : . g
N, f' %




AT

AR b
- (e

PR - T S
el F

s

TREETY] .\.f-\"‘lt:"! t:m.c .ﬁam sa-res'r
ForUse with IES Zowmai-Cavity Muthod -
- (Seo individual data sheets an wmmum« m
GENERAL INFORMATION . ) . Lo
~ompany name and'adenus.............MM&“uum . 4 N orereven .
Area to be 'ight.d ..... ...'-o-l‘OAB---oN o'uo)o-a o' ;Omo-oooOQQoo b-ooooooouuovcoobooo,'c' .
Design level of illuminatien. ... . Y J -} ES.....o nnnw)(mtmum | ’ | "
Calculated by............ eeesnas Dlto....... ...Mby .....................Dlh...;...... ;
"DESCRIPTION OF AREA AND LUMINAIRE o i ‘
. ' b-l—.— —-L--
Dimensions , " f ‘
' : ' : e 70
...... _.)..g.a.a.;.ﬂooml..ﬁglh ’ ' L " t s
....... /5.......Room Width | - ;__---__*--L
Ceeeees Y U Height of room between luminaire & work plane (hrc) =7~
e O Distance from luminaire plane to ceiling {hce) ' -
- 13- S Height of work plane above floor (hic) -~
Room Surface Reﬂoctaneo n % ) R - Luminaire
Manufacturer ..... cesees .:................;..
Catateg No. ........ Tlae...... rereeeneeeee
No. & Typelamps .. 2 £ 90 MY, . iiuinnnnnnn
LumensAamp....... ;,m,_._
Light 1688 FAEIOr ......2 75 cveeieennnn...
(LLDx LDD) ..
SELECTION OF COEFFICIENT OF UTILIZATION ' "
1. Determine cavity ratios using Table A or by 10fmula .
Room Cavily Ratio = +.2 : Ceiling CavityRatio= .3 . ;FloorCavi& Ratio;.—. /.8
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pe == 6L o ' N

3. Obtain effective floor cavity reflectance (,.) from Table B; prr = /&
4. Find coefficient of utilization from published data (for u;. = 20%)C.U. =" .48

\
Na or _ Fcor canDLES X ARTA
FixTvres LAMPS/F"’U“' X ""‘"‘"l-/mﬂ X CU x LLF
- 70 x 270 T~ P U p 4?.' o |
: y
N
15% ,_
o r ame e .R\



ILLUN‘I.\!ATIGE\! CALCULA"‘IDN SHEET
For Use with IES Zonal-Cavily Methed '
(See individual data sheets on lummaires tor coomciem' of mmum

. GENERAL INFORMATION . e
.ompany name and address. . cevenes RN .H..L ;ﬁ.ﬁ.o.(.'._..; ceresiiiee .,'.v.'.‘.,; evsveevssesee
Area to be "ghteg .......... . 05$b‘£‘.v..”;r’090".. .@.o..om.... ..'..'."l"..‘...'......"-‘
Designlevel of illumination..... ees i F <. :(Initiat) (malntaimd) '
Calculated by............ ereeeen Date...........Chacked By............. SUURRUN . SO
DESCRIPTION OF AREA AND LUMINAIRE 4 '
{ 3
Dimensions | -'-r‘? =
‘ U 1o
...... 42......RoomLength ° _ | N o l ws. !
...... J.©.......Room Width ' ' .-----.m-'._l__"
........ 7.......Height of room between luminaire & work plane (hrc) y
....... 4.5 ... .Distance from luminaire plane to ceiling (hee)
....... 2,5.... .Height ot work piane above floor (hfe)
Room Surface Reflectance I7 % ) . ‘ Luminaire
Ceiling S MBNUIRCIUTOT « .o eeeneennenne. eeeeneennnene
.Walls above luminaire plane Cctalog No. ..... 2022, i ceceeniean-
....5045..... Walls between luminaire & No. & Type lamps . . AT.F#2.&M . ........
wquplane Lumeﬁsm:....ﬁ.g?.?........ ...... ceeeen
Walls below work plane 7 Light loss Factor .....¢75...... tieeescssenses
Floor (LLD x LDD)
- SELECTION OF COEFFICIENT OF UTILIZATION - o

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = &§725 ; Ceiling CavityRatio=0,4 : Floor Cavity Ratio = I 9
2. Obtain effective ceiling cavity reflectances (p..) from Table B; g, = A
3. Obtain effective floor cavity reflectance () from TableB;pr. = /&
4. Find coefficient of utilization from published data (for pr. = 20%) C.U. = 3

Na ar . Feor canDLES X ARFA

FixTvnes LAMPS/FixTume X LVMBNS [iamr X Cu X LLF
= 70 X 290 - / 4 000 ' 2
—-— - \ : )

¢20°0 X 43 x,75 1?7?29,
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L Vit NATIG N GALCULAT!QN SHEET
"For Use with IES Zonal-Cmmy Method - -
(Seo individual data sheets on luminaires for coo"icicfm of mmt“}

- GENERAL INFORMATION . - . Lo b
JOMPBHY name-and address........ lo-.oo.&'..Ld"o.'ao‘é-o?ocnio..uo'ooo-'o0otoo-cono;o'oov.fm~0mo.oovoa"" . ‘ . ’ Aﬁ
Area tO be 'ighteq ----- EEEEEE] c'ow’oe&o'-“no..-nmo.m&;t’cooo;ooo'..ao oaooooooc-oco.vo.coo.olo,-.o;.‘ ' K ‘:‘g’
Designlevel of illumination. . ... ceeeaes /RFG...... ‘m) (maintained) | '
Calculated by..........ceoevnnnne Date.......... Checked by......... ceesean PRI | FENPOUORN -
DESCRIPTION OF AREA AND LUMINAIRE . - - -

: ’ . SO, l— -_m_ -L - ot :
Dimensions f ‘ _ o
| e / .

...... .L7......RoomLength ‘ : ws, -

e - 2 Room Width : e e | n--L... _

L eeaee (3.5...... Height of room between luminaire & work plané (hr¢) 2 . . j
...... &¢S. . .....Distance from luminaire plane to ceiling (hee) ' ' ' i
SN -~ S Height of work plane above floor (hfc) ) r
Room Surface Reflectance 17 7 ) Luminaire r

. . o . #
P 7~ R Ceiling - Manufacturer .............. v
Walls above luminaire plane Catalog No. ....... L - . PITTTTTreTy
2e.N.... Wails between luminaire & No. & Type lamps ... /2240 S W eeene...
:’:.'k p"’l'" o _ Lumens/Lamp ........ 3189, iiiiienninnnn.
alls below work plane Light loss Factor ... ¢ 2% 3= T ceereeses
Floor. . {LLDx LDD)
SELECTION OF COEFFICIENT OF UTILIZATION '
1. Determine cavity Fatios using Table A or by formula : . . o
Room Cavity Ratio = /7,D ;Ceiling CavityRatio= .&  Floor Cavity Ratio= ©
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pe= &3 4 .

3. Obtain effective floor cavity reflectance (p..) from Table By = 20
4. Find coelficient of utilization from published data (for yy. = 20%)CU. =" ,25

»>
)
L
0

-

Ne or ) FCOT cunDLES X ABLA

FixTunes LAMPS/FixTURE X LUMBNS [iarar A CU X LLF
95 .
3100 X,75°X .25 y&l

160




ILLUMINATIGN CALBULATIDN SHEET . |
For Use with IES Zonal-Cavily Method .~ . . ' 5
(Seo individual data sheets on iumlmmn mmac:om ﬂ m S : Ry
GENERAL INFORMATION . . o ‘: f
Jompanynameandaddre“......'. ooooo -o--oH A‘—IO%RGO:;O.l'.la‘c.“.oon.-‘..o...00000.0.’00.... “};
' o N
AfeatObelithed oooooooooooooo 'ocqg'@'Po.tl‘.'.&v..t'o.ooooo.c oc--oo‘o{-ooooooooo.o.-,.'oj »z,
Design level of |llumination ..... veeea dCES ... .(_Inml!) (maintained) - s B &
Calculated by............ eeeaenes Dmcmmn ............. eeesnans Date.......... ;
RIPTION OF AREA AND LUMIN B ¢
- DESC | AIRE — = gl
Dimensions : o - f . T
~ o (5 o A -
..... {3........RoomLength * l wp. :
...... &.........Room Width o e
Ceeees P P S Height of room between luminaire & work plane (hrc) T -
..... ©.5.......Distance from luminaire plane to ceiling (hec) B
e Al Height of work piane above floor (hfc)
Room Surface Reflectance 17 7 ) . Luminaire
Ceiling " Manutacturer ..... eeerreaa ceeens cereans s
.. .Walls above luminaire plane Catalog No. ........ /8O, . innnn. cevenaas , '
50......Walls between luminaire & No. & Type lamps ... /rf4Q.CM oeeaeee.... ' S
work plane - Lumens/Lamp ....... 2.6 9. _
o -Walls below work plane Light less Flctor ...... T34 SO ceccoseas ":
...... 22.......Floor ~ (LLD x LDD) ’%
SELECTION OF COEFFICIENT OF UTILIZATION ' , M ‘ c
Lof
1. Determine cavity ratios using Table A or by formula . 5:"
Room Cavity Ratio = /5.7 ; Ceiling Cavity Ratio= .¢ : Floor Cavity Ratio = o
2. Obtain elfective ceiling cavity reflectances (,..) from Table B; s = ¢ 3 ‘ ._,
3. Obtain effective floor cavity refiectance (;.) from Table B . = 20 - S
4. Find coefficient of utilization from published data (for u. = 20%) C.U. ='. 25 4 ‘ ;3::
Na se FeoT caNDLES X ARFA : ‘ -
FIXTURE S LAMPS/FixTunt X Lumsns [iamr B CU X LLF d
jo X Fo L ' o o . i
= ‘ - 7e° 1.5 - 2 S _. Q,,:E
37 oo X , 25K _.5‘.’/ A . \‘ -}-,',;‘:;;
. 3 o 'y
. ’ . “ ¥
b‘ i . . ‘A ’ ’ - 24' - \‘ L
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ILLUMI.\.ATIBN GALBULAT'W mstr

For Use with IES Zonai-Cavily Metrod
(See individual data sheets on tummam 1« cootficionts of M
- GENERAL lNrORMATION . RS . _
~ompany name and addrees. .. ....ccc00 ﬂ.‘@%«&@m.*.“,m.:;;.. ..... eerene eves
Area tO be "thed ------- .-....:..quﬁ‘o?-es."o‘:ﬂ--o..-..o..-.. 0;.'0...0.'0.".000000'00;'
Design level of illumination. . ... .......{0. 2. ... . Gasiel) (maintained)
ca'cu‘!ted by ................. e .D.'.. oo;.'-‘q-movom w......----oo........--m...-;--o...
DESCRIPTION OF AREA AND LUMINAIRI. - ' $
. - . . L -L———m--L-d
Dimensions S » : f .
, ) e 4
..... /0.3 ......Room Length | , l e
....... ¥........Room Width ‘ u.-----.n--..L._
eneens 135, Height of room between luminaire & work plane (hrec) 3
AU T8 N Distance from luminaire plana to ceiling (hec)
........ e.... .Henght of work plane above floor (hfc) -
Room Surface Reﬂochnco n % ) . ‘ Luminaire
Ceiling 3 ' Manuhgtum............:...... ....... cenee
Walis above luminaire plane Catalog No. ......... hl0® ..... cecsscnannns
Walls between luminaire & No.& Typelamps .... -/ 80 &Y. ivaeneee -
wo.rkplan. Lumm,umc‘.000..2!?26...‘.‘I.I.....ll
--Walls below work plane Light loss Facter ..... c.7.'?'...... ............ .
Floor (LLD x LDD) .
SELECTION OF COEFFICIENT OF UTILIZATION -

"1. Determine cavity ratios using Table A or by formula ‘ :
Room Cavily Ratio = /& ;Ceiling CavityRatio= , S :FloorCavityRatio= ©
2. Obtain effective ceiling cavity reflectances (,..) from Table B; pee = oy .
3. Obtain effective floor cavity reflectance () from Table B; o, = 20
4. Find coefficient of utilization from published data (for . = 20%)C.U. =: 2L

Ne orF Fecor emnDLES X ABIA_
Fixunes LAMPS/FixTure X Lumons. framm X CU X LLF
- Jo X 723 x5 o _
= - s 5 ?.$ D o
3100 X 26 .75 God.S

Al

eesep WM

i
¥y
%

UL

\ 3 BT IN

£
5

ﬁk; | QIR S R IS



ILLUN‘I.\A"‘IGK‘ CALCULA IDN SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for cocflicients of utsllzation)

GENERAL INFORMATION . 4 -
-ompany name and address. ........cc00.. HL'3"DC' ..... tesessenenene
Area to be lighted. ........ £ .Q.U.! P...REPAIR p'oo"‘ ..... { HoisT, .. MA“‘/T)
Designlevel of illumination. ........... 480, .F& . ... {inttit) (maintained)
Calculated by............ eeseenan Date.......... Checked by ....... eeeneeerereas . .Date...... ..
DESCRIPTION OF AREA AND LUMINAIRE $
. ’ v—-L-——h“_—L-z;s:.
Dimensions e
i Je.s 22
..... .tY......RoomLength ° t we.
....... .2 ......Room Width : ERREE LR
(3
...... &3, .. Height of room between luminaire & work plane (hrc) 'y
........ Z.3. ... Distance from luminaire plane to ceiling (hcc)
......... 3..... -Height of work piane above floor (hfc)
Room Surface Reflectance 17 7o ) Luminaire
e TP Ceiling MANUIBEIUTEE . o v v veesns e eeeeeeeasenaneans
.......... { ....Walls above luminaire plane Catalog No. ..... 2730 i iiiirernnnnans:
2.5 Walls between luminaire & No. & Type lamps ... . /90,. W - HRPS ... .....
work plane Lumens/Lamp ..... 7500........... ceenee
""" ooy -Walls below work plane ’ Light loss Factor ..... 3/ teseacscscsressens
...... +2.......Floor "(LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula .
Room Cavity Ratio = £,7 ; Ceiling CavityRatio= /.3 ; Floor Cavity Ratio= /. ¢

2. Obtain effective ceiling cavity reflectances (p..) from Table B; ppe= 5 G o

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

4. Find coclficient of utilization from published data (for p,. = 20%) C.U. =" y 43

Ne or FCOT canDLES X ARFA
FixTURE S LAMPS[FrxTURE X LUMENS [Lamr X Cu X LLF
20 X 528 _ /0562 3.
- - 13088

ol
Gsoe X 43X Y

w o N B



ILLISIVILIVATICN CALCULATION SHEET
For Use with IES Zonal-Cavity Method . :
(See individual data sheets on luminaires for cocﬂicignts of utilization)

GENERAL INFORMATION . .
ompanynameandéddress .......... v HE 'K.I-DG S,
Area to be lighted. ......... CASK .. . PECON TAMINATION ... iiiiunininirns
Design level of illumination. . . ... e SOFC (initiel) (maintained)
. _ ‘
Calculated by}.....coovvvvnnennn. Date.......... Checked by........covvevvenieens Date..........
DESCRIPTIQN OF AREA AND LUMINAIRE ‘ i
. ll . - L ._._M‘_ ..Lz.'{
Dimensions | , :
) 19.5
o . hre Yo
..... ..72......Room Length _ A l w.o.
AU/ S RoomWidth bl eas= -=: .......A';_
: (113
...... 39.5.... .Height of room between luminaire & work plane (hrc) 3
....... 2.2, .. .. .Distance from luminaire plane to ceiling (hec)
........ f.......Height of work plane above floor (hfc) )
Room Surface Reflectance 17 7o ) Luminaire
...... 70.......Ceiling . Manufacturer...../7.’Q.f-.0.P././."l/!.:...............
.......... ......Walls above luminaire plane Catalog No. ..../04 7. EG=P!:277 ...
'
RS~ Walls between luminaire & No. & Type lamps ....Q/N 5. 400w, HPS .
work plane Lumens/Lamy . ... . 598688, ....... Ceeereeenns
""" gt -Walls below work plane Light loss Factor .. P AP
..... -2 ve-.-...Floor (LLD x LDD) '
SELECTION OF COEFFICIENT OF UTILIZATION ' :

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = «.3 ;Ceiling CavityRatio= , 2S5 ;FloorCavityRatio= . 4
2. Obtain eflective ceiling cavity reflectances (...} from Table B; p.. = 6% '
3. Obtain effective floor cavity reflectance {,.) from TabieB; . = 20
4. Find coefficient of utilization from published data (for p. == 20%) C.U. -_:" 55

No, o FCOT camDLES X ARLA
FIXTURES LAmPS/EixTone X LUMENS fLamr A Cu X LLF
- Jo x §58° | - 27 9020 | /2.5
= — T .2y B
50 POO A L &1 x I . -
0% saZen
3 roerr? C'f“'" ' . ZZU'L r,av.,&/\

)Y
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BLLUMNMINATION CALCULATIDN SHEET
For Use with IES Zonal- -Cavily Method
(See individual data sheets on luminaires for coefficicnts of utilization)

GENERAL INFORMATION = . - .
Companynameandaddress....;..............'...L.“...l.' BLDG ...........
AreatobeIaghted............:..._..AV@@ e
Design level of illumination. . .... SN . AR L= (initial) (maintained)
Calculated by.................... Date..... e Checked by ...................... Date...... ceus
DESCRIPTION OF AREA AND LUMINAIRE -
o | e A
Dimensions : ‘ f :
...... g STy .Room Length w.r.
...... 4.7.......Room Width ---—---—m-—.-Lz.s_-q :
...... T .Height of room between luminaire & work plane {hrc) 1
...... ©.5. ......Distance from luminaire plane to ceiling (hcc)
.....2.5 .......Height of work plane above fioor (hfc)
Room Surface Reflectance 17 7o . Luminaire
..... 79 . .......Ceiling MANUIBEIUTEE « . .o o e eeee e eneeeeeeeeeennenes
........ 7. ... .Walls above luminaire plane CatalogNo. .......... VAR AU
LS e Walls between luminaire & No. & Typelamps .... % = .F.92evy ... .....
/ work plane Lumens/Lamp ........ 3002 i
"""" == Walls below work plane Light loss Factor ............. 75 ceerernasd

S .. .Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 4.2 ; Ceiling Cavity Ratio = . 15 : Floor Cavity Ratlo = .7z
o Obtain effective ceiling cavity reflectances (p..) from Table B; pe= ¢
3. Obtain effective fioor cavity reflectance () from Table B; pr = 19
4. Find coclficient of utilization from published data (for g == 20%) C.U. = NN
. I i
No oF Feor caNDLES X ARLA /
FIXTURES LAMPS[FixTore X LUMENS framp X CU X LLF k
\
o X wqx?fb.‘___ - (7292 - 3y

- l}j}



ILLUMINATI B 4N CALCULATl DN SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for coelficients of utilization)

GENERAL INFORMATION = - .
_.:ompanynameandaddress....; ....... LL&LDG ...........
Area to be lighted..................;0NFEER ENCE, ..., eeeeee eianes e
Designlevel of illumination. .............9.0, A< ... .(Mel) (maintained)

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

DESCRIPTION OF AREA AND LUMINAIRE

. - L_ LAY Wi
Dimensions ‘ : f C ]
...... A.5..... .Neem Longth , oo . 1@
...... {&.......Room Width -_._'__-_l._-_i_):

e e 2,5
........ “.......Height of room between luminaire & work plane (hrc) Y
..... o5, ......Distance from luminaire plane to ceiling (hee)

..... 2.7, ... ... Height of work plane above fioor (hfc)

Room Surface Reflectance 17 7o . ] Luminaire

..... 72, ........Ceiling MaNUIACIUTEE « . e e e eeeeeeeeeeeeaennn

.......... ......Walls above luminaire plane Catalog NO. oo 2 e

R N Walls between luminaire & No. & Type lamps ... 2. T.5.90C% .. .......
N work plane Lumens/Lamp ....... 2109....... e ceeen

coreseedueeas .. Walls helow work plane ) Light loaa Factor v.evv.n... 2T

I ..Fioor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavily Ratio = 2.4 : Ceiling Cavity Ratio= , 27 :Floor Cavity Ratio= /. 2%
2. Obtain effective ceiling cavity reflectances (,...) from Table B; pee = AN
3. Obtain effective floor cavity reflectance {,) from Table B; pr. = 2.0

4. Find coefficient of utilization from published data (for p,. == 20%)CU. = 4 5

Neo oF FZar 2 OLES X AELA
FIXTURE S LAMPS/FixTurE X LUMENS JLampr X Cu X LLF
. 70 000 . -
50 ...}:_.._:.)._.X”'____ - “.LO - 7.3

G200 N 45 X, P5 2093



ILLU EVHNATI 3PN CALCULA""IDN SHEET
For Usc with IES Zonal- -Cavitly Method
(See individual data sheets on luminaires for coelfficients of utilization)

GENERAL INFORMATION .. .

Companynameandaddress.....j.'........'...L.*.';.:...@.‘.'..D.Q............... ........
Area to be hghted’oV*LCKhR'enAe"ﬁ
Design level of illumination. T L X S (mﬁ-(maintalned)
Calculated by.................... Date.......... Checked by. ceeaees ferererteaeans Date..... weeae
DESCRIPTION OF AREA AND LUMINAIRE

] e =
Dnmenslons - R ]

: » 95
...... _.?.?.......RoomLength : I w.p e
....... “/ 2. .....Room Width Bl ety
{4
...... 205 ... .Height of room between luminaire & work plane (hrc) 1
Devb . Distance from luminaire plane to ceiling (hec)
SR 4 Height of work plane above floor (hic)
Room Surface Reflectance In Do ) Luminaire
e A< Ceiling ManUIACIUTBY « ..\ eeeeseeeeneennnns
................ Walls above luminaire plane . Catalog No. ........ .'.7.(.?.?. et ieenaeaeeaa
..... 5.0........Walls between luminaire & No. & Type lamps .... %.7 SHeE .
work plane Lumens/Lamp ........3.0%2 ... ...... ceeen

"""""""" Walls below work plane Light loss Factor ............/2. . ciuueeenaal.
..... 20........Floor (LLD x I.DD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula »
Room Cavily Ratio = 7 2 ; Ceiling Cavity Ratio = . 38 :Floor Cavity Ratio= ., ¢
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pee== £ & A
3. Obtain effective floor cavity refiectance (;.) from Table B; pe = 19
4. Find cocfficient ol utilization from published data (for . == 20%) C.U. —'. o

No oF Foor cuNDLES X ABLA
FIXTURES LAMPS/FIxTURE X LUMENS Jiamp X Cu % LLF
4 > ' . oy - _
1O X 7o x4 > ) 4,25__ - Y3
- T . - Loaro

5%



ILLUMINATIDN CALCULATIDN SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for céelficients of utillzatlon)

GENERAL INFORMATION . ..
Ccompany name and address.............. e L L . BLDG Ceeerssecesssenasssacene s eseans
Area 1o be lighted. ............ L AABORATORY [ e eereas
Design level of illumination. . ............. 70. FC . (initial)(maintained)
Calculated by............ccun.... Date.......... Checked by ...................... Date..........
DESCRIPTION OF AREA AND LUMINAIRE $
. : | A AT
Dimensions o f ‘
...... ... ....Room Lenglh wr.
..... AX.......Room Width ' ettt -.z.g«__
: , . . L .

...... 7.........Height of room between luminaire & work plane (hrc) [}
oS Distance from luminaire plane to ceiling (hcc)
... .2.5-. ........ Height of work plane above floor (hfc)
Room Surface Reflectance 17 7o . Luminaire
..... 72.........Ceiling MANUIACKUPEY « . .« eeeenanane
................ Wallsaboveluminairepllane ~ Catalog No. .7/0°

LRl N Walls between luminaire & No. & Type lamps ...... 2ofocvs ...

work plane , Lumens/Lamp ........ 31829 i,
Tyt Walls below work plane " Light loss Factor ........... A 2 veseeae
R ..Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION
1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 2 Cenlmg Cavity Ratio= , /5 i Floor Cavity Ratio= , 75
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pee= & &
3. Obtain effective floor cavity rellectance (,r.) from Table B; pr = /"7
4. Find coeﬂcment of utilization from published data (for pr, == 20%)CU. = ¢&°©
Mo sF Feor cunDLES X AELA
FIXTURES LAMPS/F‘,{r\_}g( X LVMENﬁ/L.AIﬂpx Cu X LLF
70 x coxt _ arY°° . a3
T - 700

00 X2 A 6O X7




ILLUMINATIDI\! CALCULATIDN SHEET

For Usc with IES .Zonal-Cavity Method

(See individual data sheets on luminaires for coefficients of uti!lzltlon)

GENERAL lNrOR'V]ATIQN
. BLDG

<company name and addresS. ........... eeesenennae

Area to be Iighteq.............‘...,‘..I'..Q.l?...’.‘f’.@.g.ﬁ.

ses0ees et 0e C0s s

Design level of illumination. ... .. 32 PG (mitiad) (maintained)

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

DESCRIPTION OF AREA AND LUMINAIRE

Dimensicons

...... 402 . ....Room Length
...... Ti.......Room Width
R X P R Height of room between luminaire & work plane (hrc)

....... 2.5 ......Distance from luminaire plane to ceiling (hce)
Height of work plane above floor (hic)

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

Room Sutface Reflectance 17 7o Luminaire

Manufacturer
.Catalog No.
No. & Type lamps
Lumens/Lamp

..... $2 .0, ... .Walls between luminaire &
work plane

e ... .Walls below work plane
(LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 0.9  ; Ceiling CavityRatio= .2
2. Obtain effective ceiling cavity refiectances (p..) from Table B; pce =
3. Obtain effective floor cavity reflectance () from Table B; pg =

No or FCOT caNDLES X ARLA

FixTURE S LAMPS/FixTore X LUMENS fiamr X CU X LLF

5y

30 X 200 X

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

) Light loss Factor .

.....

&4 0OQ
-

s0 0 s s 0v 0000 0s0 e

sesveevssecccsce

Ho L.Q PHANE

: Floor Cavity Ratio =

¢7

19

4 Find coefficient of utilization from published data (for p;. == 20%) C.U, =’

74

/
/

38

- - &6 7Y

9500 x & .74

ul

.

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

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

w8

T



ILLUMINATICN CALCULATION SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets ~n-luminaires for coefficients of utillzation)

GENERAL INFORMATION . -
-ompany name and address........... A Lﬁ“DG
Area to be lighted.,...........fﬂ!;...éo.?.&........f.l..........
Design level of illumination. . . . . . . e LO L timitied) (malntalned)
Calculated by.................... Date.......... Checked by. T TR Date..........
DESCRIPTION OF AREA AND LUMINAIRE ¥
| D W €
Dimensions : f
A . 1",5
' (1Y ?2Q
..... 420 .......Room Length . L we.
...... 12.......Room Width —-»———-—h'---A,-_
- (3
...... /1.5, ... Height of room between luminaire & work plane (hrc) 1 e
...... 5. ... ... Distance from luminaire plane to ceiling (hcc)
........ 6 .......Height of work plane above floor (hic)
Room Surface Reflectance 17 7o . Luminaire
....... “......Ceiling MANUTACIUTET « . <« e e eeeeeneeeeeeeeeanenes
..... “.....l.....Walls above luminaire plane CatalogNo. ............ 7232 .. ... ccciun.:
5D... 7 I....Walls between luminaire & No. & Typelamps ....... 700, ... ... .......
/ work plane Lumens/Lamp .......... 2508 ... ....... ceenn
"""" RadRRRE Walls below work piane Light 1088 Factor ..........2.8 i iiiinanss
....%2.........Floor (LLD x LDD)
SELECTION OF(COEFFICIENT OF UTILIZATION
1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = ;5  ; Ceiling CavityRatio= , 75 ; Floor Cavity Ratio= /. &
2. Obtain effective ceiling cavity reflactances (p..) from Table B; pe= ¢+ ¢
3. Obtain effective floor cavity reflectance () from Table B; pr. = /9
4. Find caefficient ot utilization from published data (for p¢ == 20%) C. U. = 53
No ¢F FCor canDLES X ARFA
FIXTURE S .’.AMPS/lerv'Rf )( LumeN.s/u..qp)\CUxLLF
Jo X 2.0 X 120 . 2400 . 5 > & x 24
loX o2 1" = :
9500 x.53 x &l . bevE AL 18%

Y

| 12
e st 76%

N

-

/72



ILLUMIINATION CALCULATION SHEET

For Use with IES Zonal-Cavity Method

(See individua! data sheets on luminaires for coefficients of utilization)

GENERAL INFORMATION

Companynameandaddress..._..-.....'..A...‘.L-.!-;.L..@.‘-.‘?.G...........; ....... Cereees Cheeeennes

Area to be lughtedA’ﬂLocK.as¢9‘ ...... eresenne sesssesasassane
Design level of illumination....... /2. £G.......... fmittal) (maintained) | |
Calculated by.......... e Date.......... Checked by. .... e, Date..........

DESCRIPTION OF AREA AND LUMINAIRE .

Dimens.ions -—f T
P o ‘- 15 o,
..... c2........Room Length L wr
..... A2........Room Width ' el
e LS. Height of room between luminaire & work plane (hrc) T

....... 2.5, .... . Distance from luminaire plane to ceiling (hec)
....... & .......Height of work plane above floor (hfc)
Room Surface Reflectance 17 %0 . Luminaire
....... '.rr......Ceiling i Manufacturer............;...................
........ \.......Walls above luminaire plane CatalogNo. ..........[732 ...
L5 <. Walls between luminaire & No. & Type lamps ...... KAt A

1 work plane . Lumens/Lamp ......... 7502 ..... eeeeeeens
Tererrrremrrre Walls below work plane ) Light loss Factor .......... %7 AN cevas

e R0, v+« ... .Floor . (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILlZATlON

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 3,8 ; Ceiling CavityRatio= .8
. Obtain effective ceiling cavity reflectances (p..) from Table B; pee =

H W N

No oF FCOT cunDLES X ABEA
FIXTURES LAMPS/FixToRE X LVMENS [ramP X Cu X LLF
- . le x ¢oX20 _  lxoeo

o9 386
G500 )\.5’7/(.‘?’ 7

i Floor Cavity Ratio= /. 78

H3

. Obtain effective floor cavity reflectance (,.) from Table B; pr. = 18 )
. Find coefficient of utilization from published data (for p. == 20%)C.U. =" ,§ 7

-

-2'7 - 3

-3M20'W

15

—

2

A

£n
JLs



ILEUMIENATICN CALCULATION SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for coefficients of utilization)

GENERAL INFORMATION . . .
-ompany name and address ; A AL BLDG
Area to be lighted. .. .. AR Loek T

Design level of illumination. .......... 02 . F%....... (initiad) (maintained)

Calculated by.................... Date.......... Checked Sy ...................... Date...... coes

DESCRIPTION OF AREA AND LUMINAIRE ' $
Dimensions ~ , ' I —_f--'-

..... 3.6 .......Room Length 2o

T N Room Width N S A
...... 72 .......Height of room between luminaire & work plane (hr¢) " 'y

..... A:5.......Distance from luminaire plane to ceiling (hce)

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

Room Surface Reflectance 17 7o ) Luminaire

Meeaaae P Ceiling Manufacturer ...................
......... }......Walls above luminaire plane Caialog NO. oot LT3 i
.20, 4 ...... Walls between luminaire & No. & Typelamps ...720 Y . iiiiieinnnnnn.

work plane Lumens/Lamp ....... 000 . i iiiierineen
""""" s ......Wallcbelowworkplnqo ) Light loss Factor NUUTUUITS - SO
..... 20 ........Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = «,2 ; Ceiling CavityRatio= . 9 :Floor Cavity Ratio= 2., /
2. Obtain effective ceiling cavity reflectances (p.) from Table B; pee= 3 '
3. Obtain effective floor cavily reflectance {.) {rom Table B; pr = 18
4. Find coefficient of utilization from published data (for .. == 20%) C.U. =" .5¢

No. oF FeoT canDLES X AREA

FIXTURES LAMPS/Furun( X Lu,agNs/MMpXCUXLLF

/o A 36 X27% A Y
G500 x 156 X 8/ #4309

2



ILLUMINATIDN CALCULATIDN SHEET
For Use with IES Zonal- -Cavity Method
(See individual data sheets on lummal'ns for cocmcnents of utlllutlon)

GENERAL INFORMATION L S .
Company name and address. . .. . L..LBLDG
Area to be lighted............ A’QLOK*L |
Designuevelofinuminauon....,.........!.0. ......... (nitiet) (maintained) | -
Calculated by........ s Date.......... Checked by..........coevenrnns Dlto.'..;...._;.'

DESCRIPTION OF AREA AND LUMINAIRE

_ D WL €

Dimensions : f o
4 , )15

...... ~0, _.....Room Length : L W 20
..... ’.?.........RoomWidth - -_d‘L_“
..... I(.5...... Height of room between luminaire & work plane (hrc) y‘ .
e BB Distance from luminaire plane to ceiling (hce) ‘
....... L. ......Height of work plane above floor (hfc)
Room Surface Reflectance 17 7o . .- Luminaire
....... “Cv.....Ceiling Manufacturar
....... Jeeeinn .Wails above luminaire plane Catalog No. ........ 732 i iiiiiiiinnnn:
1< TR Walls between luminaire & No. & Type lamps ..... 722 M .. .ovvinnenn.

;" A work plane Lumens/Lamp ........ 758°........ ceeerenens
""" *....... . Walls below work plane ) Light loss Factor ........ -

I X - J . .Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula )
Room Cavitly Ratio = 7.6 ; Ceiling Cavity Ratio= /. & :Floor CavityRatio= 3.9

2. Obtain effective ceiling cavity reflectances (,..) from Table B; pe= 39 '

3. Obtain effective ficor cavity reflectance (i) from Table B; pre = L7

4. Find cocfificient of utitization 1rom published data (for p. == 20%) C. U gy
Nea. ¢F FOOT cuNDLES X ABRFA
FIXTURE S LAMPS/FIXxTURE X LUMENS [tamr X CU X LLF

lo x %*o0XtZ 1400 -

-
35 FY



ILLUMINATICN CALCULATION SHEET
' For Use with IES Zonal-Cavitly Method s
(See individua! data sheets on luminafres for coelficients of utilization)

GENERAL NFORMATION . - ‘ S

Jompanynamcandaddreu..:..-.... Ll BeD6

IR R R R A B R B R BRI SRR B sse0ecs e

Area to be Iighteﬂ....’ ..... ....‘..._..SHA"F.T..A..Q.OO'M

ooooooo 090669 6008080808080 000000000 assrRERIRIRESIILIIGTS

Design level of illumination. . . . . eSO {witit) (maintained)

Calculated by.........covvvvnvnnn Date.......... Checked by........ eeeeceneenane Date..........

DESCRIPTION OF AREA AND LUMINAIRE

Dimenéiom

R Y Room Length "T :
T Room Width N 4
..... 13.3... .....Height of room between luminaire & work plane (hrc) S 3
U S Distance from luminaire plane to ceiling (hce)

....... @........Height of work plane above {loor (hfc)

Room Surface Reflectance 17 Vs ) Luminaire

..... S .. .....Ceiling : MANUIACKUIEE « e eeeeeeeeeeeeeeeeeenannns
....... .. ,(‘. ....Walls above luminaire plane Catalog No. /1232

U < S Walls between luminaire & No. & Typelamps ......72°% N v
work plane Lumens/Lamp .......... 7509 ...
S VU Walls below work plane

DA " Light loss Faetor .........o. 80 . .l
R .- .Floor : (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = .., 7 ; Ceiling Cavity Ratio= , & : Floor Cavity Ratio= /. ¢
2. Obtain effective ceiling cavity reflectances (..} from Table B; pe == £ 2,
3. Obtain effective floor cavity reflectance {pe) from Table B; gy = 18
4. Find coefficient of utilization from published data (for p. == 20%) C.U, =" oY
i

J

FIXTURES LAMPS/F,,{fl\\)gg X LVMEhl}/L.AMP A cv X LLF
\‘ H

Fo X GOR DL A Saicisid

r ~
s —_—= 1.5
(WA O

9500 A 69 < 2

>



ILLUMH\.ATIGN CALCULAu IDN SHEET
For Usc with IES Zonal-Cavity Method
(See individual data sheets on luminaires for cocﬂncncnts of utilization)

' GENERAL INFORMATION- . .
Jombanynaméandaddress ..... v . ALBLDG
Area td be lighted........7....'...?.\./.5.@ P’?CK.....AePA...... ,
Designlevel of illumination.......... IR Y /0 <L S (lnmal) (maintained) ‘
Calculated by. ........ ST Date.......... Checked by.........ooovrvee. Date..........

DESCRIPTION OF AREA AND LUMINAIRE

. N D LN €
Dimensions _ f e s
...... .70.......Room Length : "T wel 2°
...... “0.......Room Width : ISR S A
...... 13.5..... Height of room between lumlnaure & work plane (hrc) - h;‘ —
....... %:7.......Distance from luminaire plane 1o ceiling (hcc)
....... “.......Height of work plane above floor {hic)
Room Surface Reflectance 11 7o . . Luminaire
A~ A *.Ceiling Manufacturer ............ e e
e fooeains .Walls above luminaire plane Catalog No. ......... 1930 i een -
- 20> 0 AU .Walls between luminaire & No. & Type lamps ...... 182 M ...l ceeens

i work plane A : Lumens/Lamp ......... 9582, e

""""" ... Walls below work plane ' Light loss Factor ........... &l
UL N - .Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION ' ' -

1. Determine cavity ratios using Table A or by formula

Room Cavily Ratio = 2.¢5  ; Ceiling CavityRatio= .49 i Floor Cavity Ratio= . 8
2. Obtain effective ceiling cavity reflectances {p..) irom Table B; pe = & Y
3. Obtain effective floor cavity reflectance (pr.) from Table B; pr = 19

4. Find coefficient of utilization from published data (for p,, == 20%)CU. =" & o

No or Feor cunDLES X AEBILA

FIXTURE § LAMPS[FixTore X Lumens fiamm X CU X LLF
50 A ?a A 4O _ »lqooOO - 29
§500 X L% A5 “ 9T .

)
111



ILLUMINATIGN CALCULATIDN SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on fuminaires for coetlicients of utilization)

GENERAL INFORMATION . - . .
Companynameahdaddress.....~..... L L '3./“?0 |
Area to be lighted. ............. R4S K. AR ey
Design level of illumination. . . . RO FES Hritial) (maintained)

Calculated by.............c.c0vuen Déte....' ...... Checked by ......... “...Date......

DESCRIPTION OF AREA AND LUMINAIRE

Dnmensaons : ‘ : -—f
‘ " 2,5
..... 320.'.....Roomlength , v ws. 40
...... @2.".....Room Width Foe ool I a
' J
..... 2.0.5 .. ... Height of room between luminaire & work plane (hrc) ~T S
...... Z.5 . .....Distance from luminaire plane to ceiling (hcc) '
’
...... &........Height of work plane above floor (hfc)
Room Surface Reflectance i1 % . Luminaire
PR Ceiling MANUIACUTET « . s eeeeeeeeeeeseeaaannnns cees
Walls above luminaire plane Catalog No. ........... /?08 .................
GO0 L Walls between luminaire & No. & Typelamps .... S Q. . \W. . AMP3 . ......
work plane Lumens/Lamp .. ... .. /seoe ceeneeene
Walls below work plane Light 1083 FBOMOF ..\ 0 vee et @i eaaennacnnnns
Floor (LLD x LDD)
» SELECTION OF COEFFICIENT OF UTILIZATION ' :
1. Determine cavity ratios using Table A or by formula .
Room Cavity Ratio = 3 ; Ceiling CavityRatio= .25 ;Floor Cavity Ratio= . ¢
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pee= 4%
3. Obtain efiective floor cavity reflectance (.. ) from Table B; pr = 19
4. Find coefficient of utilization from published data (for p,. = 20%)CU. =", 7
No oF FcoT =~irCLES X ARIA
FiXTURES LAMPS/FixTune X LUmENS [Lamp X CUxLLF
10 x 300K %° 362222 ;4o
ol - 2
/¢ 000 X J7A.y/ JO7 L



IHLLUNMINNATION CALCULATI DN SHEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for cocfficients of uhllzatlon)

GENERAL INFORMATION . ' - .
CompanynameandAaddress ..... : L e 6’- LG

.000..00..00..0.-..0.-0ltoooon..'oa..lo.'0000"00.'0

Areatob'eIighted.............‘...,. M/'C.H EQ.‘./.’/?. RooM

s s s e ceseteseces Seessestessasssnssscrsssese

Design level of ilumination. . ..........4Q0. £&. . .... (initiad) (maintained)
Calculated by........coueeunenn.. Date.......... Checked by........ s e....DBte....een..n

DESCRIPTION OF AREA AND LUMINAIRE

, hee L_z s

Dimensions
Y /30— 20

...... #® . ......Room Length A [ w.s.
...... 45........Room Width ---....__M_-_.e’_._

P e + )
...... /2.5 . . ... .Height of room betlween luminaire & work plane (hrc) 1
...... 2.5 .......Distance from luminaire plane to ceil}ng (hee)
....... 7. .......Height of work plane above floor (hic)
Room Surface Reflectance 17 7o ) Luminaire
....... L........Ceiling Manutacturer
.......... +.....Walls above luminaire plane CatalogNo. ..........0. 238 ... ....cvvenen.
U PO Walls between luminaire & No. & Typelamps ......782. % ciueinnnnnnn.

work plane Lumens/Lamp ......... ?2729....... e leeens

""""" ‘... Walls below work plane Light loss Factor .........: &l ciiieiiieannnds
..... 26........Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION ' -
1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 2.6 ; Ceiling Cavity Ratio = .4 ? ; Floor Cavity Ratio= .7¢
2. Obtain effective ceiling cavity reflectances (...} from Table B; pee = (#(,
3. Obtain effective floor cavity reflectance () from Table B; pe = 9

4. Find coclficient of utilization from published data (fof pr, == 20%)CU. = , 6 2

'"‘-'0. oF Foor 2panDLES X AREFA
"JIXTURE S .‘..A-‘“FS:’/-L",‘]'\JR‘ X LUMENS /u,"p p.3 Cu X LLF
/a A eoxu> _ 5 dooo /1.3
T T Turry )
G600 A 62 XEI

M



ILLEUNMIINATION CALCULATION SHEET
For Use with IES Zonal-Cavity Method
(See individual data shecets on Ium-nanres 1or coefficients of utilization)

GENERAL INFORMATION . -
Company name and address......... [‘LGADG tertensenraons
Area to be lighted......... M/5Q57O'€ G R, Crreeereeeseaane
Design leve! of illumination.............. LAC FS L. (initial) (maintained)
Calculated By ..ovviiiiiil Date.......... Checked by ...................... Date...... vees
DESCRIPTION OF AREA AND LUMINAIRE i
A" _A2s
Dlmensionl f ‘
‘ hr By .
...... .70...... Room Length A T wel ¥°
U 2 S RoomWidth L _____ ! ___»_;_._
C

AT VS S Height of room between luminaire & work plane (hrc) 'y
...... 4.7, .... .Distance from luminaire plane to ceiling (hcc)
........ é..... .Height of work plane above floor (hic)
Room Surface Reflectance 17 7o _ Luminaire
R Ceiling Ménufacturer............; ...................
........ (.....Wallsaboveluminaireblane Catalog No. ......./ %38 ... i |
L2 ' e Walls betwaen luminaire & No. & Typelamps ... /8@ M . .. i iiinnnnnnn.

/ work plane ' Lumens/Lamp ...... 2 i

{o Walls below work plane :
TR N Light 1088 Factor ..ot iiinnvennnnnnns
e A .. .Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determme cavity ratios using Table A or by formula
Room Cavity Ratio = /, & ; Ceiling Cavity Ratio= .37 ;Floor Cavity Ratio= , ¢
2. Obtain effective ceiling cavity reflectances (...} from Table B; pe = Y, ’
3. Obtain effective floor cavily reilectance (,.,.) from Table B; pr = 19
4. Find coefficient of utilization from published data (for p == 20%) C.U. = (L

Neo oF FCOT GhNDLES X ABIA
FIXTVRES LAMPS/F[;{rJRg X Luyeﬂs/ump)\cux‘-‘-p
oxX 4 o —
lo x 7OXuWE - 43200 | g5 —
_——-—-"I‘_‘ - -

9700 A ,e6 X, &1 5078

180



ILLUMINATICON CALCULATION SHE

ET

For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for coefficients of utilization)
GENERAL INFORMATION . . - . ' -
Company name and address..... ~
Area to be fighted. ............. MISC STORAGE Wz ...
Design level of illumination. . . .. e, /0 F7&. . (imitra¥) (maintained)
Calculated by..........c.cuven... Date..........Checked BY e Date..........
DESCRIPTION OF AREA AND LUMINAIRE #
. - | | _ A e ALS]
Dimensions ) : f :
- hre /1.5 20
...... 2.&.......Room Length w.r.
AP ~ S Room Width | Lt
B (3
e 105 ... Height of room between luminaire & work plane (hrc) ¥
..... £:7....... .Distance from luminaire plane to ceiling (hcc)
N SN Height of work plane above floor (hfc)
Room Surface Reflectance 17 % ) Luminaire
....... “.».....Ceiling 'Manufacturer ]
......... ‘.......Wallsabovelummalreplane CatalogNo. .......... 0732 .. i iviiennnn.
.50, ﬂ ....... Walls between luminaire & No. & Type lamps ...... 44 SN
[ work plane : Lumens/Lamp ......... TI00 L iiiieenn.
B e Walls below work plane Light loss Factor ........ :.5'./. ............ cesee
e AP ........Floor (LLDxLDD)
SELECTION O': COEFFICIENT OF UTILIZATION ' -
1. Determine cawty ratios using Table A or by formula ' .
Room Cavily Ratio = 2 ; Ceiling CavityRatio= , ¢ : Floor Cavity Ratio = /
2. Obtain effective ceiling cavity reflectances (p..) from Table B; pe= &6
3. Obtain effective fioor cavity reflectance () from Table B; p. = 19

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

No or _ "FeoT EANDLES X AELA
FIXTURE S LAMPS/FIxTURE X LUMENS [framp X CU X LLF
) ~ LR
Jox 56 Xx5¢ o o_ateee o oo

o 187
‘G500 X 66 X .8/ s0 7€

Ly,



ADMINISTRATION FACILITY
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_____ e e e sewens o a8 W WM Sl il VEmbw §

For Use with IES Zonal-Cavity Methed
(See individual data sheets on luminaires 1or coc"ncncnts of utlllzallon)

GENERAL INFORMATION .~ ' .
Companyﬁame-aﬁd address...._.-..............A........{4.'.9....G.L..D..C.'.........J.............;..‘..
Areatobe'ight’ed..-... ...... Agaﬁ."...'......'.’.'..'l....;....;......l....‘.......'.‘
: Desugnlevel of ilumination............. JO.FS ... (Initial) (maintained) .
Calculated by. ........ eeieee..i..Datel L, Checkedby...................;..Dﬂc...........
DESCRIPTION OF AREA AND LUMINAIRE o ¥
- . | | A" A5
Dimensions ' . ’ : f :
. . : 6
. Lo . hre .
...... -?2......Roomlength =~ . L ws.
....... /8.......Room Width ' S IR, S dan
. e 2.5
....... . .......Height of room between luminaire & work plane (hrc) -
..... /:3........Distance from luminaire plane to ceiling (hce) -
..... %.%........Height of work plane above floar (hic)
Room Surface Reflectance 17 % i Luminaire
TR A- 2 Ceiling ' _ MaNUIACIUTEY ... eveveeeenrnenennnnnnnns coeens
........... 4‘......Wallsaboveluminaireplane Catalog NO. . o.vevrernreeennoneooassoancsanan:
...... $2 4.....Walls between luminaire & ~ No. & Type lamps e B TR e,
- :"’.'k plalne _ Lumens/Lamp ........ 3/09...... ceseesieanes
""""" - - - - - Walls below work plane . Light loss Factor ........'.7:?.................'.
..... 22........Fioor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION . _ Co -

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = 7.7 ; Ceiling CavityRatio= ., 7 : Floor Cavity Ratio= /. /
2. Orxtain effective ceiling cavity reflectances (p..) from Table B; pe= 70 B
3. Oblain effective floor cavily reflectance () from Table B; gy, = 20 A
4. Find coefficient of utilization from published data (for p. = 20%) C.U. =" %3

[
No. or FCoT cunDLES X AREA /
FIXTURE S LAMPS[FixTune X LuMENS framp X CU X\LLF
: \
/0 X 30x/8&° 400 - 2 '

/.1@)( 03 X 75 2929



e e e roe e == ;-—---. —-— s OGS WS S r~e D CUeP S W WP §Smbm §

For Usc with IES Zonal-Cawly Method
(See individual data sheels on luminaires-for cocmclcm of umlzlllen)

GENERAL INFORMATION . = B -

Company name and address. ........... ./"L G

oovooocato Pes0ssesevsccss 00RO

Area to be hghled.............‘...., EZDA 05;'('6

oooooo s sesessrsessssensnseseree 00-.-..-ooo-oo-ooono-o--.-<

. Designlevel of iltumination. ......... ....0e .'.'..Q. .. .M(malnﬂlnod)

Calculated by......... S Date.......... Checked by ........ Date..........

DESCRIPTION OF AREA AND LUMINAIRE - : - 4

. A —e ]2
Dimensions ' _ , : f .

..... Z4........Room Length o
..... LZ........Room Width I S A

..... J,5........Distance from luminaire plane to ceiling (hee)
..... 2.7........Height of work plane above floor (hfc) .

Room Surlace Reflectance 17 % '. Luminaire

R O ....... Ceiling Manufacturer . ........... e eevereeenen ceeees
e Walls above luminaire piane Catalog NO. ..oivvriirenrneononacncos cee
...... 59, £ .....Walls between luminaire & No. & Type lamps 2 [ uo

L work plane Lumens/Lamp ......... 3109
................ Walls below work plane - Light loss Factor .......: 75

ceeee38........Floor (u.oxwo) """""""

------

SELECTION OF COEFFICIENT OF UTILIZATION . °~ S

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = .3 : Geiling Cavity Ratio= .75 :Floor Cavity Rath._. 1.25
Ortain effective ceiling cavity refiectances (p..) from Table B; pe = 20
. Obtain effective tioor cavity reflectance (pr.) from Table B; pr. = 19
. Find coefficient of utilization {from published data (for p, == 20%) C.U. = ¢o

P AN

Neo. eorF FocoT canDILES X AREA /

FIXTORE S LAMPS[FIxTURE X LuMENS framr X CU XILLF
' \

720 X v & - s 60 e
2790

\

6 Lo0 X .69 X.75

78 b
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For Usc with IES Zonal-Cavity Method .
(See individual data sheets on tuminaires for coefficients of utilization)

GENERAL INFORMATION- . ~ - .
Company name aﬁdaddfess...,; ...... AD8°.
Area 10 be lighted. . ... ceeees W’FPOF/'IQ.Q- ......
Designlevel of illumination. . .. ......... 720, .F.C.. .. .ttt (maintained) ' '
‘Calculated by......... SUPUUP Date.......... Checked by........... e Date..........
DESCRIPTION OF AREA AND LUMINAIRE | t
. : ™ A
Dnmensuonl ) S : : f -
: S A
...... +.2.4......Room Length ‘ g o . l- W,
ST - SU Room Width ' I SR A
cveeenn R Height of room between luminaire & work plane (hrc) I 30
...... /:5.......Distance from luminaire plane to ceiling (hce)
...... 2.5...... .Height of work plane above floor (hfc)
Room Surface Reflectance 17 % B Luminaire
Creene 5’.Q.;...Cenlmg _ Manufacturer............;....;.. ........... .e
........... ‘;_....Wallsabovelummaireplane . Calalog NO. . .oviiiiiiiiieirieeiiaieaiannns
ceeaas 50 .4, ... Walls between luminaire & No. & Type lamps ... CATESR . i,
(- work plane Lumens/Lamp ....... 3120 ......... cedenaes
sevseen e Walls below work plane Light 1088 FACIOF v...iv ot 0P nnnnnnenennns ceene
...... 29.......Floor (LLOxLDD)
SELECTION OF COEFFICIENT OF UTILIZATION . =~ : ‘ M

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

Room Cavily Ratio = 3 ; Ceiling Cavity Ratio = ., 75~ ;Floor Cavity Ratio= /.25
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pe = 70 C
3. Obtain effective floor cavity reflectance {pr.) from Table B; pe= 17

4. Find coeflicient 01 ulnhzahon from published data (for py. == 0%) CuU. =
v . ,

No oF ) FOOT CANDLES X ABEZA /
FIXTUNRE S LAMPS [FixTure X LVMENS [LamP )(‘CU X\WLF
\
70 X 4;46’ '_’ ) 5360 . 44
62.00;-“’)(7; 2 790



e e e cEm — - me SO SwEP e W P fEemibem §

For Usc with IES Zonal-Cavity Method
(See individual data sheets on luminaires for coefficients of utilluuon)

GENERAL INFORMATION = .~ .
Companynamear;daddreu. Cieerrenireseteenan ..D.....8..‘:'................'.............»...‘..'
Area to be lighted. ...........: ‘??(9.9.5.“."N.T...."??.f.‘f-.... .....
Design level of iltumination.............J.0.5¢.. ... timitiat) (maintained)

Calculated by......... S ...Date.......... Checked by.......ooeovneeeeneen .Date... .. cess .

DESCRIPTION OF AREA AND LUMINAIRE

| A" A
Dxmensnonl , _ : f ’
e ’ . hee 2 1o
...... ~M%.......Room Length L ‘ wr. '
U B S Room Width I - '.--i»‘?—-
...... '%........Height of room between luminaire & work plane (hrc) I 3
...... /.. .......Distance from luminaire plane to ceiling (hee)
..... 4,5, .......Height of work plane above floor (hfc) ‘.
Room Surlace Reﬂectanco n % S Luminaire
...... F2.......Ceiling ManUIACIUIB ... vueeeeeeeeneneneneneenenncns
.......... ":.....Wallsaboveluminaireplane Catalog NO. ....oviiinennecnssvaceacesnasnnne:
..... 59 .5 .....Walls between luminaire & No.& Typetamps .... 5. F¥C . .........
(.~ Wworkplane Lumens/Lamp ....... 3102 i
ettt ... .Walls below work plane ' Light loss Factor ...... 75_ ............. .. cesee
R S N (LLDxLuD)
SELECTION OF COEFFICIENT OF UTILIZATION . = - .
1. Determine cavity ratios using Table A or by formula .
Room Cavily Ratio = 3.7  ; Ceiling CavityRatio= , 7 :Floor CavityRatio= ' 6
2. Ortain effective ceiling cavity reflectances {,..) from Table B; ,;,,: ©8 o -
3. Obtain effective floor cavity reflectance () from Table B; pre = 20 '

4. Find coefficient of utilization from published data (for p, == 20%) CU. =' , 55
. ‘ ‘

Ne oF _ Feor canDLES X AREA /
FixTuREs LAMPS [FixTunE x',_.,,..;,,,/u,,,,x‘c.;x._l_;
\
50 X 12xA2v% 14400 £ oq
6120 x.55 <75 . 4587



For Use with IES Zonal- Cawly Method
(See individual data sheets on luminaires for coefficients of uhllutlon)

GENERAL INFORMATION . -
‘Company name arid address. .....cc000000e /‘}DG"—G..
Areatobe'ighted...7l4'c./?.r'c:?:..c.O..N”.F..FeFNC¢ ..0........ ...'.;00....0...0!...'..."
Design levetl of illum_!natlon. ceiesesn 5‘7 FC. ... (initial) (malntllnod)
Calculated by......... SOOI . .bate .......... Checkod BY...cocveeenrenncnnnnns Date..........
DESCRIPTION OF AREA AND LUMINAIRE - ¢
| A" A5
Dzmensnons ' U : f :
Y8 o ' _ m /o
...... 22 ......Room Length - . wo.
....... ... ......Room Width ' -..'_.._...N--.;(?...
¢ |
...... e .Height of room between luminaire & work plane (hrc) S
..... /:%........Distance from luminaire plane 1o ceiling (hce)
U Y- J Height of work plane above floor {hfc)
Room Surface Reflectance 17 %o o Luminaire
..... &9 ........Ceiling ‘ ManUIACIUTET «..evveeeeeneennenneeneennacneen
........ // ...Walis above luminaire plane Catalog NO. ......cciieiiecrrannraroacsssscan:
58 % ....... Walls between luminaire & No. & Type lamps ......4. P, 4= S ves
, . workplane Lumens/Lamp ........ 2= S
""""""" Walls below work plane Light loss Factor ....... R4 S
.29, e . .Floor (LLD x LDD)
SCLECTION OF COEFFICIENT OF UTILIZATION . =~ . ‘ -
1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = /, ¢ : Ceiling Cavity Ratio = ,+$ : Floor Cavity Ratio= , 75"
2. Ortain effective ceiling cavity reflectances (p..) from Table B; poe= 73
3. Obtain effective floor cavity reflectance () from Table B; pr. = 19

4. Find coefficient of utilization from published data (for pr. == 20%)CU. = 70"
i o, .

No. eF FCor canDLFS X ARSA /
FIXTYNRE S LAMPS/F‘!’run! X L“MENS/MMP X Cu X LLF
\
¢ 7600 _
5. o X_‘__/’/_EA__ e E -~ /7: (’

“200 X .70 X 7S »%57



ILLUMINATIDN CALCULATIDN SHEET
' For Use with IES Zonal-Cavity Method
(See individua! data sheels on fuminaires for coefficients of utlllution)

GENERAL INrORMATION o ' .

Company name and address.......... cedeno. ceresssanasen e eecbeet et venn
Areatobelighteq_ ........... \/!P R A AP
Design level of illumination. . . . .. [OUDU Y~ (initieH) (maintained)

Calculated by.................... Date.......... Checked by......... e eeeeneeaas Dato.'. cesnecns

DESCRIPTION OF AREA AND LUMINAIRE

. -  _AS
Dimensions _ : f .

ke hre ¢ )
..... AT Rnom lL.ength . .
..... {2.........Room Width -----__M--Z..?_

o ]
....... . .......Height of room between luminaire & work plane (hrc) Y )
..... /v 5. ......Distance from luminaire plane to ceiling (hcc)
..... £..4. ... ... Height of work plane-above floor (hfc)
Room Surface Reflectance 17 7o . Luminaire
....... §O ......Ceiling MANUIACIUPET . e eeeeeeeeeeaeeaaannnn
................ Walls above luminaire plane Catalog NO. .. ..oiiiiriiirieeneennoncnencnane
...... $2.......Walls between luminaire & No.& Typelamps A= . A 48 . ieeeiennnnn..
work plane Lumens/Lamp ......3/00.......

""""" +++ -+ Walls below work plane Light 1038 FaEOr .......75. i iiissvsnsnssasnae
...... 22.......Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION ' :

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = “./¢ ; Ceiling CavityRatio= /. © :Floor Cavity Ratio= /. 7
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pee= ¢ 7 '
3. Obtain effective floor cavity reflectance () from Table B; p¢ = ’8
4. Find coefficient of utilization from published data (for p. == 20%)C.U. = .54

1
!

No c¢F FCOT canDLEFS X ARFA /

FiIxTVrRe S LAMPS[FixTure X LuMENS framp X CU X|LLF
50 A snxibo ~ 12829 . 4
v -2y s/

49’0‘) /(.3.“""

|90



ILLUMINATIGN CALCUL/‘ IDN SHEET
_ For Use with IES Zanal-Cavity Method.
(See individual data sheets on luminaires for coefficients of utitization)

GENERAL INFORMATION . : - .
Company name and address. ......... /)Dﬂ“oc'
Area to be lighted. .. .. ........'......fa.?.‘?..' Y S P
Design level of illumination. .............. 72..RC... . (initiah) (maintained) FrRoM 1E3
Calculated by.................... Date.......... Checked by ........ e PR o 11 |
DESCRIPTION OF AREA AND LUMINAIRE $

| L - L=
Dimensions : ' : f ‘

3¢ hre é
...... AR .Room Length . we.
..... 18€.........Room Width : IRttt

(3

...... ‘G........Height of room between luminaire & work plane (hrc) S
....... /+3_......Distance from luminaire plane to ceiling (hcc)
AU U Height of work plane above floor (hfc)
Room Surface Reflectance 17 7o . Luminaire
...... F2...... Ceiling Manufacturer .....3. e
.......... i.....Walls above luminaire plane Catalog No. ....CP - 24R < FAS ... .......-
T AR Walls between luminaire & No. & Typelamps ... 2.7.F.4C........ eeenes .

v work plane Lumens/Lamp ....... 3109........ ceeieeens
""" -+ o> Walls below work plane Light 1088 FACOr ... 422 iiienenennennns
..... 29....... -Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION ’ :
1. Determine cavity ratios using Table A or by formula .
Room Cavity Ratio = 2.5 : Ceiling CavityRatio= . & . : Floor Cavity Ratio = /e
2. Obtain effective ceiling cavity reflectances (,..) from Table B} pee= 7/
3. Obtain etfective floor cavity reflectance () from Table B; p = Ig

4. Find coefficient of utilization from published data (for p. == 20%)C.U. =" .63

Mo, orF FCoT canDLES X ABFA-
FIXTURES LAMPS/FiIxTURE X LUMENS [iamP X Cu x LLF
S 360
70 X 36X/E w53 - 5 %

¢loo X 63 X.75 2729



ILESMINATION CALCULATION SHEET
For Use with IES Zonal-Cavity Method s
(See individua! data sheets on luminaires for coefficicnts of utilization)

GENERAL INFORMATION . ' S .

'Companynameandaddress.‘....-.......A.DM’N»' <1 - ¥ U

Area to be Iighted.............‘.“';:ﬂ’f.:g. 7 ERIA

L R I I I N A R I I R I I I I I I A I I I I A SR A SRR A )

Design level of illumination. . . . ........... SO FC . Unitied) (maintained) 7o~ €5
Calculated by.................... Date.......... Checked by........convvennennen. Date..........
DESCRIPTION OF AREA AND LUMINAIRE ¥ —

. A LS
Dimensions : : f :

) ) . ' - h'ﬁ 6! 1o
...... I ..... Room Length . we.
...... <& .......Room Width Bttty

. ¢ .
R Height of room between luminaire & work plane (hrc) '} -
....... /»%......Distance from luminaire plane to ceiling (hcc) .
....... Z.2. . .... Height of work plane above floor (hfc)
Room Surface Reflectance 17 7 _ Luminaire
..... g2 ........Ceiling Manufacturer ... 37987 HoLrren .
......... {7.....Walls above luminaire plane Catalog No. ....C.R T 23R ~FAS .. ...
o R Walls between luminaire & No.& Typelamps ... 2. .F%2 . .. ...........

: work plane Lumens/Lamp ....... 3100 ... ceeen

""" S -Walls below work plane Light 10SS FACLOT v nere et e enrnenennns
..... 42.........Floor (LLDx LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula

Room Cavity Ratio = 1,45 ; Ceiling Cavity Ratio = , & ;Floor Cavity Ratio= . &
2. Obtain effective ceiling cavity reflectances (,...) from Table B; pe= .74 .
3. Obtain effective floor cavily reflectance (,.) from Table 8; pr = 19

4. Find coelficient of utilization from published data (for ;. == 20%}C.U. =" . 7/
- i .
i

No eF F//_‘or 24NDIES X AFPLA
FIXTURES LAMPS/FikTore X LumEns fiamp % CU X LLF
. . 4
_ o X L) __4_‘51‘6_",{99 R A A

- »30l

19>
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Far Usc with 1ES Zonal-Cavitly Method
(See mduvndual data sheets on lummaucs for coctlicients of umluﬂon)

GENERAL INFORMATION . S .
Companynameandaddresa.....-..‘.....'....... /4' oot ....................;................‘..
rea to be lighted. ......... i s GOBRIPOR e ettt rrereeaeny
Design level of |Ilu_.jmnalion ....... .. ; LG . (nitial) (maintained)
Calculated by......... Ceeeeane ....Date.......... .Checked by Ceierereeireacieaaass Dm.......... '
DESCRIPTION OF AREA AND LUMINAIRE ' 4
. I 5
Dnmensnons-
am : s ‘ 9 L 10
ceeet TS Room Length 4 . , ‘ l wr.
U - Room Width AP S —_
K e [=)
...... 7.5...... .Height of room between luminaire & work plane (hrc) I
........ '2.......Distance from luminaire plane to ceiling (hec)
T~ Height of work plane above floor (hfc) <. -
Room Surface Reflectance 17 %o ) Luminaire N
....... 2......Ceiling ' A : Manulacturer'......../;?ﬁ ot
............ ‘ )./...Wallsaboveluminaireplane Catalog NO. voevveeeeen B82S iiiiiinnnnnns:
....... 50 . {....Walls between luminaire & No. & Typelamps .... .20 %2 . ie....
{ ‘\:,vq::( ;:alne ) _ Lumens/Lamp ....... 3100 ..., cieeees
""" p‘ alls below work plane Light loss Factor ......:.Zé-..................’.‘
...... &32.......Flogs (LLD x LDD) .
SELECTION OF COEFFICIENT OF UTILIZATION . = . -

1. Determine cavity ratios using Table A or by formula . _
Room Cavily Ratio = & ; Ceiling Cavity Ratio = .45 i Floor Cavity Ratio= & '
2. Ottain effective ceiling cavity reflectances (p..) from Table B; ppe= 722

3. Obtain effective floor cavity reflectance (,..) from Table B; p = 20
4. Find coefficient of utilization from published data (for p == 20%)C.U. = 3|
A i , .
No. efF FCoTr canDLFS X ARFA /
FIXTVRE S LAMPS/ler.m.! X LVMENS framp R Cu x\LLF
\ \
/o X Cu& _ c48° .99
R {72

Y400 A L3E AT



e e m e e te e eEm e e e O SWAS S W St §Bminm §

. For Usc with IES 2onal-Cavity Method
(See individua!l data sheets on luminaires for cocfficients of m!llmlon)

GENERAL INFORMATION . - |
Companyna-meaﬁdaddreu...7.-......'.............. ﬁ'P /}...................l...........'..
Area to be lighted........ omrrioor | 243, e
Design level of illumination. . .., ceeteenans (D, F&. .. . (imith) (malntalnod)

Calculated bY....oovoieviennnnns Date.......... Checked by ...................... Date..........

DESCRIPTION OF AREA AND LUMINAIRE

Dimensions - —-f - oA

...... 49 .......Room Length ‘ ' | L ws.

....... & . ......Room Widll ------.m--.aoi..

..... 7.5 ...... .Height of room between luminaire & work plane (hrc) o

...... +=>.:......Distance from luminaire plane to ceiling (hcc)

....... O .......Height of work plane above floor (hfc) _

Room Surface Reflectance 17 7o - Luminaire

...... &0 . .....Ceiling Manufacturer ..

.......... / .. .Walls above luminaire plane Catalog No. é/aa :

ceees L. ... Walls between luminaire & No. & Type lamps ....... { ST 4 U .ee
/- workplane Lumens/Lamp ....... 3100, . .iiiinnnn ceeees

""","""“‘"’Wa"s below work plane Light loss Factor ........ '..7.3.'................'.

..... #2.0........Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION . = -

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = &.7 : Ceiling CavityRatio= , 45~ : Floor Cavity Ratio= O

2. Ortain effective ceiling cavity refiectances (p..) from Table B; pe= 7% o .-
3. Obtain effective floor cavity reflectance (y,) from Table B; py = 202
4. Find coefficient of utilization from published data (for p, == 20%)CU. = , 2§
i ‘ ¢
No erF Fcor canDLES X ABFA /
FIXTURE S LAMPS/FixTone X Lomens famp X CU X\LLF
: \
jo_x 3¢° . 32 L 55 e <
3/00 X .28 x 75 ‘ 65| , N stk Zempalon
v \
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) " For Usc with IES Zonal-Cavity Method
(See individua! data sheets on lummalres for cocfficients of uulization)

GENERAL INFORMATION . ~ - - -

COmpanynameaﬁdaddress....,.~.'.~.....-.........:.'..../I\Z.D.::....ﬂ.....C:'..............;..........'..
Areatobelighted.......'....-..‘...,...(:..0."?.52.‘.99.@........a‘.."..f...........;....‘................"
Design level of illumination. . ... veennn JOLEC L unitied (maintained) . |
Calcu:ated‘by.........' ......... ,..bate..‘........Checkedby..............'..' ...... Dato..........

DESCRIPTION OF AREA AND LUMINAIRE

. A __"“_ _L -
Dimensions . , ' : f
..... /9.2, ......Room Length L . - wo.
e N Roomwidth b eeaa—- 5-- 4
IR PP Height of room between luminaire & work plane (hrc) T
...... -4%........Distance from luminaire plane to ceiling (hcc)
...... O.........Height of work plane above floor (hfe) - -
Room Surface Reflectance 17 %o . Luminaire
...... 7.C......Ceiling ' _ ManUIBCIUTET «..veou™eeeeeeenenanenencnensnns
................ Walls above luminaire plane Catalog NO. ....ovvvveveresocscscenssacnnases:
..... 5O .......Walls between luminaire & No. & Type lamps ..... . A N
work plane Lumens/Lamp ......... EZ AL S
"""""""" Walls below work plane Light loss Factor ........« S s
..... 9. +++.-.Floor (LLD x LDD) .
SELECTION OF COEFFICIENT OF UTILIZATION . ; Lot

1. Determine cavity ratios using Table A or by formula !
Room Cavily Ratio = & ; Ceiling CavityRatio= _ . ; Floor Cavity Ratio; o
2. Ortain effective ceiling cavity reflectances (p..) from Table B; po= 7¢ )
3. Oblain eltective fioor cavity reflectance (,.) from Table B pe = 20
4. Find coelficient of utilization from published data (for py, = 20%) cu.= 3y

'
No or Feor canNDLES X ARBFA /
FIXTURE S LAMPS[FixTurE X LvMENS /Um'n X Cu x\LF
\
Jo X __1FnxE RE - B A
AN PR SR —
Yoo A L3 XTS5 7%
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For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for cocificients of utullzation)

GENERAL INrORMATION L o .
Companynamcandaddre” ---------- .......'.{q...D. B’.‘.‘lbl&..titol. ------ vcoooc'lvoc-ooovo'ooooo
Area {o be hghtad ....... GLNF'CA(' A@EA sesesesesesssrarscrcscssns
Design level of nlluminlllon ....... ceeennn SO.F%. ... (initiat) (maintained)
Calculated by..............c...... Date.......... Checked by ...................... Date....... vee
DESCRIPTION OF AREA AND LUMINAIRE I
bt A
Dimensions ‘ ‘ , ' f .
- i oL ' e 6
..... /7. ......Room Length ' L A L P
..... £0........Room Width "“""m"ié"
€ '
...... ‘#.........Height of room between luminaire & work plane (hrc) r 3
..... {:%........Distance from luminaire plane to ceiling (hce)
..... 5. .Height of work plane above floor (hic)
Room Surface Reflectance 17 % | Luminaire
el F9......Celling ‘ e T
R A Walls above luminaire plane o TE1LY. I . N cereenen:
...... £.2.4.....Walls between luminaire & . No.&Typelamps ... 2.-.E%% e
! work plane Lumens/Lamp ......... 3te9....... cetesetans
A el W alls below work plane Light loss Factor ....... A SRR ceves
..... #2........Floor 4 (LLDxLDDj
SELECTION OF COEFFICIENT OF UTILIZATION . . -

1. ‘Determine cavity ratios using Table A or by formula
Room Cavily Ratio = . & ; Ceiling CavityRatio= ./& :Floor Cavity Ratiom |, 2
2. Oktain effective ceiling cavity reflectances (p..) from Table B; pe== 77 o
3. Obtain effective floor cavity reflectance {,..) from Table B; p¢ = 20
4. Find coellicient of utilization from published data (for ». == 20%) C.U. =: PO

'
Neo, erF Foor caNDLES X ARZA /
FIRTURE S LAMPS /FixToRE X LUMENS Jramp X Cu x\&LF
\
< 249908 = 27
/08 X &0 - —=
5-0 X - 37 2_3

6220 X POX.TS

\
ALl
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) For Use with IES ‘Zonal-Cavity Method
(See individual data sheets on luminaires for cocfficients of uhllzallon)

GENERAL INFORMATION .. © - | : -
Companynaiﬂear';daddfgsa...,;..'...........‘.......-ATP.....A-.C.'.Q..G.....-...;.-.....-...e.-.'..‘..
.rea to be lighted. ...... $£Cancr\' /5'4"— Y. :
Designlevel of ilumination. . .............20 . EC. .. timiet) (maintained) - '
Calculated by......... e Date.......... Checked bBY.....cooovveeeneen....0D8t® L eaelle,
DESCRIPTIION OF AREA AND LUMINAIRE $
o ) B W W
Dimensions . : : . f .
...... 4.5.......Room Length 4 . ' { ws.
...... Z4.......Room Width - - e .
13
...... ".%........Height of room between luminaire & work plane (hrc) 3
...... /-5 .......Distance from luminaire plane to ceiling (hcc)
..... S .Height of work plane above floor (hfe) -
Room Surface Reflectance 17 7o ) . Luminaire
...... 5. ......Ceiling A Manufacturer.........‘....:....;.'.............
P Wallsabovelumunanreplane Catalog NO. ....ccvvverniesecreccosncasacanes:
...... 5.9./.....Walls between luminaire & No.& Typelamps .... 2. S22 iiiiieniannnns
/ - workplane Lumens/Lamp ....... 3r29....... R SN
{ . ) ¢ .
"""" v........Wallsbelowworkplanc Light 10ss Factor «....622 . iiiuecnnrecencanss
...... %9........Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION . = ‘ T

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = ,, ¥ ; Ceiling CavityRatio= LY ;Floor Cavity Ratio= ,§&
2. Oktain effective ceiling cavity reflectances (p..) from Table B; pe= 7 2 T
3. Obtain effective floor cavity reflectance (pr.) irom Table B; pr. = /9
4. Find coeflicient of utilization from published data (for ,. == 20%) C.U. =" 7
. .

No. oF FcoT canDLES X ARFA /

FIXTURE S LAMPS/F,xr..m.l X LUMENS [LamP X Cu xX\LLF
\ !

7J )( ﬂ‘_‘;(u ' Fo b 40

\)
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) ) For Use with IES Zonal-Cavity Method . A
- (See individual data sheets on-luminaires for coefficionts of mlll!t_tbpl)

GENERAL INFORMATION . = k ‘ : .
Companynameandaddren ....... ADQLDG. ........ cseeesscsssscnae
Area fo be lightod.............‘...... /NVEHrO.’.Z..‘."...;'..C—.o'.“.f.“?.‘...“o...H,“....,.....,...'
Design level of mummation ..... e APES L (nitiat) (maintained)
Calculaled BYernannnn. veveee.....Date..........Checked by........ cereees ceee..DBtOLL ool
DESCRIPTION OF AREA AND LUMINAIRE - | B
Dnmensuom f T
: : ’ ) ]
...... A&......Room Length L : l ws.
U ST Room Width ~ S S —— AR
, . .
........ . ......Height of room between luminaire & work plane {hrc) T
...... /1:$.......Distance from luminaire plane to ceiling (hee)
..... Z.%.......Height of work plane above floor (hfe) -
Room Surface Reflectance 17 7 n Luminaire
...... §2.......Ceiling ' Manufacturar......'......:......}........A.....
s ./ .. .Walls above luminaire plane Catalog NO. ..oivvivvnencvcnnacaaenas cessenas:
ceen- S / ..... Walls between luminaire & No. & Type lamps ..... 2 Fte ... sesecens
. workplane Lumens/Lamp .......312% .. ........ cieeees

""""" \--...-Walls below work plane . Light 1085 FAEIOF «...o75 ceeneeenneenneesanss
..... #2........Floor (LLDxLDD} -
SELECTION OF COEFFICIENT OF UTILIZATION . ‘ ' .

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = /, # ; Ceiling CavityRatio= S :Floor Cavity Ratio= , &

2. Ortain effective ceiling cavity reflectances (p..) from Table B; pe= 72 o .
3. Obtain effective floor cavity reflectance () from Table B; pr = 19
4. Find coefficient of utilization from published data (for p;. =2 20%)C.U. =" £ 7
) , .
Neo erF Fecol canDLES X ABLA /
FixTorRe S LAMPS [FixTore X LuMENS [rampr x\Cu xX\LLF
: ' \
2o x 2HRX G4 F _Foeue | 20
T~ -

¢ 200 R 7 k7T . 30/ C
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For Usc with IES Zonal-Cavity Method L
(See individual data sheets on luminaires for coefficients of umlullon)

GENERAL I1iFORMATION . : e LD
COmpanynamG andaddfe”. -og-" oooooo oc.oc/ﬁiDo'anlBoel’io-oou-noo.oc..- o-ooo-..-o.oo-aoo'o-oo.u
\featObehghth ooooooooooo 'o:ono‘ooooo -Eo/o%oo oocoonn.;ooocoaoonno ooo.ca0'0....0..0.0..0.0..'
Design level of iltlumination. . ... terennenes LSOFC, .. .(inﬂid) {maintained)
Calculated by..... e, Date.......... Checked by ...................... Dlto cecenecas
DESCRIPTION OF AREA AND- LUMINAIRE $
) A A
Dimensions L < f :
e
...... .24......Room Length . L wr.
....... 24......Room Width : D R ]
. €
...... ".&........Height of room between fuminaire & work plane (hrc) T
....... L3 ... .. Distance from luminaire plane to ceiling (hee)
...... 2.9......Height of work plane above floor (hfe) - -
Room Surface Reflectance 17 %o N Luminaire
..... £V ...... .Ceiling _ Manufacturer.....‘.......:......'.............
.......... (.’.....Wallsabovelummaireplane S o 110 . T
R P Walls between luminaire & No. & Type lamps ..... 2o RS9 i
z 'x‘?":‘ pla'nc - _ Lumens/Lamp ......... -.‘:‘.’.‘35’............’.....
RERASRRER alls below work plane Light loss Factor ....... T cereone
R S TTTTre . .Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION . = o ' c
1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 2.5  ; Ceiling CavityRatio= , & :Floor Cavity Ratio= /,©0
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pe= 7/ - -

3. Obtain effective floor cavity reflectance {yr.) from TableBipe = /9
4. Find coefficient of utilization from published data (for p. == 20%) C.U. = 63

-
Neo, orF Fcor canDLES X AefA /
FIXTuRES LAMPS[FixTome X LuMENS [Lamr X CU X\LLF
‘g ®0
56 A Luxd _x®%00 _ b

= 2929
200 X 63 x .75 ,



ILLUMINATION CALCULATION S8HEET
For Use with IES Zonal-Cavity Method
(See individual data sheets on luminaires for coefficients of utilization)

GENERAL INFORMATION

Company name and address . ............... LAD. BLOC
Area to be lighted. ......... e M M
Design level of illumination. ............. SO, .......(initlel) (maintained)
Calculated by.................... Date.......... Checked by...................... Date.......
DESCRIPTION OF AREA AND LUMINAIRE 1
' | _ A" A
Dimensions ‘ f
,, hre
..... #A4.......Room Length L  we,
...... 24.......Room Width _ Ry e
........ ..., .Height of room between luminaire & work plane (hr¢) - ) '}
...... /.' S .......Distance from luminaire plane to ceiling (hce) ' ‘
...... Z.5........Height of work plane above floor (hfc)
Room Surface Reflectance Luminaire
...... £7d...... . Ceiling Manutacturer . ..........oo.veveeeennsdenns.
.......... (’T....Wallsaboveluminaireblane CatalogNo. ..............ccoiiiiiiiaii,
e So.d..... Walls between luminaire & No.& Typelamps 2. /5. ~%2.......... e
work plane N Lumens/Lamp . .. 3(@Q ... ...l ...
"""""""" Walls below work plane Light loss Faotor .., ..? BRI Y

..... £9........Floor (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION

1. Determine cavity ratios using Table A or by formula
Ruom Cavity Ratio = 2,5~ ; Ceiling Cavity Ratio= . ¢ ; Floor Cavity Ratio = /
2. Obtain effective ceiling cavity reflectances (o..) from Table B; p.c. = 27/
3. Obtain effective floor cavity reflectance (o) from Table B; ppe = /9
4. Find coefficient of utilization from published data (for py. =20%)C.U. = &2

No ©oF FeoT cAanDLES X AREA
FIXTURES  LAMPS/FIA. X LumeNs [Lamp X CORLLF
s0O X 2d XY L& 599 . 0

-

6200 X .63 X.,75 '16’7"9‘

RS

‘o

Y
e e
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) For Usc with IES ZonaI-Cawty Method .
(See mdlvndual data sheets on Iummanrcs for cocﬂucnems ol utlllullon)

GENERAL INrORMATION

Company name and address..........

rea to be lvghted
Design level of illumination. ... . .. e 70 FG..
Calculated by........ Y eeeenennns - .Date ..........

DESCRIPTION QF AREA AND LUMINAIRE

. - - L -—— e o I )d
Dimensions f
e
...... “ .g.......RoomLenglh l ¢ ».
..... 2. .......Room Width - --%1
. MMe 2z,
e G Height of room between luminaire & work plane (hrc) T
..... /5. .......Distance from luminaire plane to ceiling (hec)
..... % 5 ........Height of work plane above floor (hfc)
Room Surface Reflectance 17 7 Luminaire
..... §Q....... Ceiling _ Manufacturet............:.................4...
......... ‘}......Walls above luminaire plane Catalog NO. ..vevieeriviininnieeiiioneinnnns:
L OO Walls between luminaire & No. & Type lamps .... 2.7.F.¥92. . .c....... ces
k - work plane Lumens/Lamp ......... L N S
DA Walls below work plane Light loss Factor ....... YA T cencrae
U SUPUURN Floor (LLD x LDD)
SELECTION OF COEFFICIENT OF UTILIZATION . =~ o N
1. Determine cavity ratios using Table A or by formula . ,
Room Cavity Ratio = 1, & ; Ceiling CavityRatio= ,$ : Floor Cavity Ratio= . g
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pee ==

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

‘....""....'.&DQ ...&.L.e.:....;...'..'......'..'...'.."'
RELRODICTION. B

(hmd) (malntalmd)
Checkedby.'..‘....‘.. ............. Dato..........

72 - ..
19 A

4. Find coefficient of utilization from published data (for ... == 20%) cu= &7

No oF FooT cunDLES X ABFA

]

/

FIKTURE S

2 X t}’&'

2o )‘N

7

X

209 07 X

LAMPS[FixTorE X LYMENS Jramr X Cu X|LLF

Poevo0
/16

26,

4

i\l
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For Use w:th IES Zonal-Cavity Method
(See mdwudual data sheets on luminanes for cocﬂncloms of mﬂw

GENERAL INFORMATION . =~ : .
Companyname and ldd"“.....’ ooooo .-..'..ﬁe...-.B.&.D.Q....o.---..o.u-.....a'n'----.'-.-......_.
Area to be hght_od ....... cesenias '.‘."?.‘.7....".'P....?..I‘Qée’.’......7.'..,..,,..,.,..,....;....‘-
Design level of illuq\imtloﬂ. e OO «. .{initiel) (maintalned) /£ S T
Calculated by......... eeveeen....Date. ... CNECKOA BY. .. oueneneneninenennnn ORte...eeeee
DESCRIPTION OF AREA AND LUMINAIRE B $
Y ...y
D:menssons i : f T
27 S ‘ w52 1o
L eeead R Room Length L o l. ws.

...... [Z . ........Room Width I ..-.'....--.m..-.,;L.. E
..... 225 .......Height of room between luminaire & work plane (hrc) T -
AP/ S . Distance from luminaire plane 1o ceiling (hcc)
....... 3 ........Height of work plane above floor (hic) -
Room Surface Reflectance 17 % A Luminaire
...... FO.......Ceiling - ' Manufacturor........'.;..:......_.;...........
................ Walls above luminaire plane Catalog NO. ....ocvviinrnencennnnccnnnananes:
...... O .. .....Walls between luminaire & No. & Type lamps ...... 4 '.....?.............

work plane Lumens/Lamp ......... /00 . ....... cieanen
e 'z'c', """" Walls below work plane ’ Light loss Factor ........ Y2 S
..... Sieeee.....Floor (LLDxLDB)
SELECTION OF COEFFICIENT OF UTILIZATION . =~ | ' AT

1. Determine eavity ratios using Table A or by formula _ ‘ :
Room Cavity Ratio = 3.5  ; Ceiling Cavity Ratio = :97 : Floor Cavity Ratio= /, 95
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pea= 7+ A C
3. Obtain effective fioor cavity reflectance (p..) from Tabie 8; prr = 25 .
4. Find coecflicient of utilization from published data (for .. == 20%) C.U. =" 55
i

No erF FooT cANDLES X ARLA /

FIXTURE S LAMPS[EixTonRE X LUMENS [LamP X Cu X\LLF
A _ \

2. 400
- Ly 857

jao X /7.)(1—2:._ /O

.

¢o0 X .55 x.75
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For Usc with-1ES Zonal-Cavity Method
(See individual data shcets on Iuminaucs for cocelficients of ullllmlon)

GENERAL INFORMATION . o L .
Company name aﬁd address..... Ceeee AD@&‘-QG..
Afea‘o be"ghted ooooooooooooooo ','O/O\ﬂogocﬁlw‘tcao@om XX ERXEREN NN .noocooo-oo.oco-acooo..lo'o~
Design level of illumination. ........ e RO FC . (nitiad) (maintained)
Calculated by................ ....Date..........Checked By Date..........
DESCRIPTION OF AREA AND LUMINAIRE t
_-L__m_- ns
Dnmensuons ' :
oL ' hre J-. 5'
..... A<4........Room Length L : _ ws.
...... ’9........Room Width : ~------m---é-4
...... %.¢.......Height of room between luminaire & work plane (hrc) I
...... L.¥.......Distance from luminaire plane to ceiling (hec)
e 3. Height of work plane above floor (hfc)
Room Surface Reflectance 17 % - Luminaire
Ceiling | ‘ Manufacturer ................... ....... cece
Walls above luminaire plane Catalog NO. .....cccvevvenncnocacacnnas ceesear
Walls between luminaire & ' No. & Type lamps ....... 2 .T.’f‘.“.".’ .......... ces
work plane Lumens/Lamp ......... 34882 . ccereennennnns
o --Walls below work plane " Light loss Factor ....... BB e
cee 9, e .. .Floor {LLD x LDD) . :
SCLECTION OF COEFFICIENT OF UTILIZAT!ON . : s

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 2.¢{ ; Ceiling Cavity Ratio= , 7 ~ :Floor Cavity Ratio= /.4
2. Ortain effective ceiling cavily reflectances (p..) from Table B; pe= 7¢ C
3, Obtain effective finnr cavity reflectance (r.) from TableB; pre = /&
4. Find coefficient of utilization from published data (for ps. == 20%) C.U. =" ¢3

)
No. oF FeoT canDLES . X ABLA /
FIXTURES LAMPS [FixTuRE X LUMENS ftamP xlcU,( LLF
20 Xx 2MAT _@r20 - 26 — 4

\]

e —— e

L;'Q;oo X L3 X 65 o 539

I
~~
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For Use with’ IES Zonal-Cavity Method
(See individual data sheels on luminaires for cocmcionts of utlllutlon)

GENERAL INFORMATION . .
Companynameaﬁdgdduu...._.-................ 2. ﬂ"bc

MESH. [ELBS L.TEC.... . Roo00

LR N ] [ EFEERE NN EBENNNEYEENENNNEE NN RN RNE NN N

Area to be lighted...........

Design leve! of illuminltion. TR RO.FG ... . tmitiod (mllnhlmd)
Calculated by. ....... e, ....Date.......... CRECKOE BY. v enneenneanannnnn Date.........
DESCRIPTION OF AREA AND LUMINAIRE ' t
- B S VE>
Dimensions : , 4 : ‘ f ’ -
L HE Room Length L
f{,’%—, ....... Room Width -a-----m--—i—
....... 9.5, ... .Height of room between luminaire & work plane (hrc) § -
....... /2. .....Distance from luminaire plane 1o ceiling (hco)
....... 2.......Height of work plane above fioor (h¢) -
Room Surlace Reflectance 17 7% : Luminaire
Ceiling Manufacturof‘............: ........ .
Walls above luminaire plane Catalog NO. .......iciviieennonccncanes cesese:
Walls between luminaire & No. & Type lamps ...... 2549 i, .
work plane Lumens/Lamp ........ 3102, ........ ceieeees
Walls below work plane " Light loss Factor .....1. %5 ....... eeeeeads
cereeed2......Flcor (LLDx LDD)
SELECTION OF COEFFICIENT OF UTILIZATION . =~ ' e

1. Determine cavity ratios using Table A or by formula '
' Room Cavity Ratio = /, / : Ceiling Cavity Ratio = 0, 3 : Floor Cavity Ratio= ©.¢
2. Oktain effective ceiiing cavity reflectances (p..) from Table B; g = 75 ' t
3. Obtain effective floor cavity reflectance (p,) irom Table B; p¢ = 19 )
4. Find cocfficient of utilizatior from published data (for . == 20%) C.U. =" . 7¢
i

No, orF _ Foor canDLES - x ALLZA /
FIXTURES - ~;_.4MP5/F:;%¢M X LVMENS fLamP )‘ICUxLLF
\
90 X Ui AHE | _4e320 _ 3
L200 X 76 A 45 . 1ped
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For Use with IES Zonal-Cavily Method
(Seo indwudual data sheets on luminaires 1or coomclents of utlllutlon)

'GENERAL INFORMATION . - -

' Companynameandaddma AD.. f‘

[ E RN REE NN NN

Design. lovel of mummmm. eenenn RO Mod-)(malnmmd) 1ES

DESCRIPTIGN OF AREA AND LUMINAIRE

4
- __?:_'_ 5]
3(' ........ Rooml.cngth ) ' ' il ». ’.e
..... ?-.(,........aoomwmu I o N S S A
....... @.5......Height of room between luminaire & work plane (hrc) I 3
...... R .Dustance from luminaire plane to ceiling (hcc)
vivee.B.... ... Height of work plane above floor (hfc) - -

" Room Surface Riﬂoeglm n % . | . Luminaire

ceeei0@. .. Celling - | - Manufacturer . ...... .

................ Walls above luminaire plane o TE 1., I .

X~ S Walls between luminaire' & No. & Type lamps ...... Z-.548
work plano :

Cieteeeeieeen ... Walls below work plane
28 Ror (LLDxLOD)

SELECTION. OF COEFFICIENT OF UTILIZATION . | 4 R

v "1. Determine cavity ratios using Table A or by formula '
‘ Room Cavity Ratio = 2 ; Ceiling Cavity Ratio = , /5 :Floor CavityRatio= . 7

2 OHam effective ceiling cavity. reflectances (,..) from Table B pe= G : . N

3. Obtain effective fioor cavity reflectance (,..) from Table B; g = 19
4. Find coefficient of utilization from published data (fof . == 20%)CU. = & 7
. . , ) ] R

ANO. or Feer CANDLFS X ARZA /

FIXTURES LAMPS/FixTont X Lumens ftamp X CU X|LLF
\

20 X ¥3C . - /y'?;o = G
6206 A 47 X 75 - k

.ll.l.'...'....l.....0.I'..'..O'.'..'..Ol'..

Area'ob.'.ght“ P ecarneee '0.‘0. Cun{‘rv C (Gﬁ 0..Ol....l‘.."......'.'.l.

.......... Checked by......coovvvveneene.. .DMO . cenea.

" Light loss Factor ....... e 75 ceeece
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{ : . For Use with IES Zonal-Cavily Method
(See individual data sheets on luminaires 1or cocfficients of utillzallon)
GENERAL INFORMATION . | o -
~ Company name'aﬁd addreu...._.~..........'....-.'.'.42.‘?..;..&f'.?.
Areatobellghted ............ Z’?&/éf’? g (”5’9...4.7:(?.’.\(...... ..... ............;...'
Designleve! of ulluq)ination ..... e, AP FC. .(MM (maintained) -
;( Calculated .by...._ ..... S . ...Date.......... Checked bme

DESCRIPTION OF AREA AND LUMINAIRE

Azs]
Dlmenswnl ’ s
- S /3
: : N e 20
Ceeanes 26 Room Length 4 N l wo. '
PURUUE: & SUUUUN Room Width ' Attt e
(4
...... 13.5......Height of room between luminaire & work plane (hre) T
Ceevaas 2.3, _.Distance from luminaire plane to ceiling {(hee) -
Cheiaaeas SO Height of work plane above floor (hic) -
Room Surface Reflectance 17 % - . Luminaire
...... $O.......Ceiling ' _  ManUIaCUEr . .e et e eeeeeeeneeraeanas
................ Walls above luminaire plane Catalog No. ......... /?0‘5, .
..... A2 .......Walls between luminaire & No. & Typelamps ..... /502 M. . 4PS.......
work plane Lumens/Lamp ......... A ceeese
"""""""" Walls below work plane Light 1088 FACIOT w.evee @ eniierennnneness .
..... AQ.......Floor , : (LLD x LDD) ‘
SELECTION OF COEFFICIENT OF UTILIZATION . . o co

1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 2.4 ; Ceiling CavityRatio= .+ 5 ;Floor Cavity Ratio= . 74
2. Oktain effective ceiling cavity reflectances (p..) from Table B; pe= 3 o
3, Obtain effective flaar cavity reflectance () from Tablo B; . = /7
4. Find coeflicient of utilization from published data (for p.. == 20%) C.U. =" 62
'

No. orF FooT canDLES X ABFA /

FIXTURE S LAMPS/F[;’?’UR! X LUMENS [LamP X Cu xX\LLF.

WX 7e ceffo L P
Lo x

- Fos

/co«vo X .81 x 62
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. For Use with IES Zonal-Cavity. mlhod
(See individual data sheets on luminaires for cocmclcntl of utlllutlon)

GENERAL INFORMATION . _ : L ; .
Company name and addt‘” .-o‘-u’o.oo‘o‘oo‘nooao--n:.c--;ooocc.;ct-Ao-oo.ooo-‘. .0.'0..‘0'.‘..
Areatobe'igh"d-a--. &% o..[.Xw% M-co uooo.-.c'co-ooo-ovooooonuo
Design level of llumination. .; ...... e 7B iwitel) (mairtained) - - : :
Calculated by ......... S «..Date.......... Checked by ........ Date..........
DESCRIPTION OF AREA AND LUMINAIRE 4
| At AT
Dxmenslom - o : : A f -
...... _.3:__.1. ......Room Length , DU wor.l ‘
...... (&.......Room Width o - -1 --.;e’:_‘.
] .o
...... "..% ......Height of room between luminaire & work plane (hrc) ¥ -
....... %3......Distance from luminaire plane to ceiling (hce)
U ¥ S Height of work plane above floor (hfe) -
Room Surface Reflectance 17 % ] Luminaire
....... F0.......Ceiling ' ' Manufactureri.......‘.'....:.‘;.'.;.'..A'...........
........... \/ .. .Walls above luminaire plane Catalog NO. ...ccivverennceccccartesanctcanns”
...... é”’."J..f)".....V&'alls between luminaire & No. & Typetlamps ... 2: /778 i viniannnnnnn
/\. work plane Lumens/Lamp ......: 3008 i, ceieenen

""" AR -Walls below work plane Light loss Factor ...... S SN
..... '/;?._. ......Floor {(LLD x LDD)
SELECTION OF COEFFICIENT OF UTlLlZATlON . | -

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = 2.4 : Ceiling CavityRatio= ,7 ; Floor Cavity Ratio= /. /
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pe= 70 o
3. Obtain effective fioor cavily reflertance (..} from Table B; pr = | @
4. Find coefficient of utilization from published data (for p, = 20%) C.U. =" o4
[

Neo. er Foor canDLES X AERFA /

FIXTURE S LAMPS [FixTure X LYMENS frampr X CU X\LLF
\

37500

- 70 X 540
2a76

= 12.7

W)

6220 X ,64 X.?75



ILLUMINA"‘IGN CALCULATIDN SHEET
For Use with IES Zonal—CavIly Method .
(See individual data sheets on luminairos 1or coomcle"'o of utlllutlon)

GENERAL INFORMATION ~ . - S
Companynameandaddreu ..... eenrend /Z GLG.
Area 1o be nghtad....‘........;...,..QQ’.‘?.’?S’.’.’F@....@4?4‘1’....... eeieriieeeeeeeeaeranaed
Design level ofillumination................ 79, FS. .. (Initial) (malntalned)
Calculated by .................... Date.......... Checked by ................. feeee Date......... .
DESCRIPTION OF AREA AND LUMINAIRE . i -
A A5
Dumenslom : ' ' R . f ‘
: ' . : ' w6 /0
...... $7.......Room Length ‘ ' L C we.
...... 20, .. ... Room Width I S N
. e 2.5
........ ... .Height of room between luminaire & work plane (hrc) ! Y -
....... le3'......Distance from luminaire plane to ceiling (hce)
....... 2.5 ......Height of work plane above floor (hfc)
Room Surface Reflectance 17 To ) - Luminaire
- Ceiling Manufacturer .. .... SMoOT.  AOLpIAN .
........ i.......Walls above luminaire plane CatalogNo. ......G0: 24R - FAS . .uu... -
LSl S Walls between luminaire & No. & Type lamps ..... Z . Ede ..., eeeeens :
work plane Lumens/Lamp ...... 3100, i
"""" ... Walls below work plane Light 1oss Factor ......~ 73 . i ieeeeeneneansss
..... 2 eeve....Floor - (LLD x LDD) - .
' SELECTION OF COEFFICIENT OF UTILIZATION
1. Determine cavity ratios using Table A or by formula
Room Cavity Ratio = 1.5 : Ceiling CavityRatio= . 4 : Floor Cavity Ratio; .6
2. Obtain effective ceiling cavity reflectances (p..) from Table B} pe= 74 ..
3. Obtain eflective floor cavity reflectance (pr.) from Table ‘B;p,‘, = 19

4. Find coefficient of utilization from published data (for p. == 20%)C.U. =" , .7/

No orF . FooT canDLES X ABFA
FIXTURE S LAMPS/EixTurE X LVMENS framm X CU X LLF
& Y 12 5)03 o
- 70 X 9~ - — = 3. 7
s = 330t -

¢21Lod x .71 A.75

>0



ILLUMINATIGN CALCULATIDN SHEBT
: For Use with IES Zonal-Cavily Method -
(See individual data sheets on luminaires for coefficients of utlllmlon)

GENERAL INFORMATION . , .
company name and address. .... . ./g ' . BL£OG

---------- R R R R I e S A I A A A I I N X R I WA

Area to be lighted. ........ /S'“‘“"‘X;} 'FHVAC Gtvoron

Desngn level of nllummatlon ..... e 20 .. ", (imitiet) (maintained)
Calculated by .................... Date

DESCRIPTION OF AREA AND LUMINAIRE

Dumenswnl : : ' —f- -

T Room Length . s
........ Room Width RGN S A
Ceeeass G . Height of room between luminaire & work plane (hrc)' )
...... '3.........Distance from luminaire plane to ceiling (hcc)
..... 2.3........Height of work plane above floor (hfc)

(VM
—

Room Surface Reflectance 17 7 . Luminaire

O N , Manufacturer ..... & Hoeeeennn....
R S Walls above luminaire plane Catalog No. GR.-2d4 R .7 FAX

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

UL S Walls between luminaire & No. & Type lamps ....... Vot 4= N

work plane Lumens/Lamp 300

.......... —....Walls below work plane : Light loss Factor ’.75-

..... 19........Fioor o : (LLD x LDD)

SELECTION OF COEFFICIENT OF UTILIZATION | :

1. Determine cavity ratios using Table A or by formula
Room Cavily Ratio = 2.0  ;Ceiling CavityRatio= ,$5 . ;FloorCavity Ratio= , &
2. Obtain effective ceiling cavity reflectances {,..) from Table B; pee= ' 72 '
3. Obtain effective floor cavity reflectance (,.) from Table 8; p. = 14
4, Find coefficient of utilization from published data (for p,. == 20%) C.U. ='. 67

No. oF FCoT CaNDLES X ARFA
FIKTURE S LAMPS/FixTurE X LUMENS Jramr X CU X LLF
- [ 2 e - 2%
CLOO X .75 Xx.67 b115
el
“ .
. !

Y

e

—
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S For Usc with IES Zonal- -Cavity Method ..
(See individual data sheets on luminaires for coctllc:cm: of utlllutlon)

GENERAL INFORMATION . .. T
"Companynameandaddress...,.-..../.g.-?.".'—."“.‘é...........'......'...........‘..'.‘..'.-.......v..."...‘..
~rea fo be lighted. ...... e MBI L SECYRITY ARG G e
Design level of nllumimtlon. ..... RO~ 3 S (Initial) (maintained) - . -
Calculated 'by ......... e eeeeeeeeas Date.......... Checked byDatQ......

DESCRIPTION OF AREA AND LUMINAIRE

L_ L'
Dimensions f
: S Jo
...... :??f.......noomLength , . ' wr.
UCY A Room Width . R --.ﬁ_
. € [
eeees " 4, ....... Height of room between luminaire & work plane (hrc) I 9
...... /+$........Distance from luminaire plane to ceiling (hcc)
T eeaes S Henght of work plane above floor (hic) - '
Room Surface Reflectance 11 % a " Luminaire
....... £0......Celling Manufacturer
.......... '/ ...Walls abovelumunaureplane Catalog NO. .....civieentacccsescssacascscnae:
..... £0.<......Walls between luminaire & No. & Typelamps ..... 5.7 L iveninenn...
work plane Lumens/Lamp ....... 3180............ cieeeen
SRS Walls below work plane Light loss Factor ..... 0.5 e ceceseneas
..... Z.O. evv....Floor (LLD x LDD) .
ELECTION OF COEFFICIENT OF UTILIZATION . = S
1. Determine cévity ratios using Table A or by formula
Room Cavily Ratio = /.3 ; Ceiling CavityRatio= 3 : Floor Cavity Ratio= . 5
2. Ortain effective ceiling cavity reflectances (p..) from Table B; pe= 75 : : - -
3. Obtain effective {loor cavity reflectance {,..) from Table B; pr = /9
4. Find coeflicient of utilization from published data (for pr. = 20%) C.U. =" 73
i s .
No. or _ Feor canDLES X ABFA /
FIXTURE S LAMPS/FixTvRE X LuMEnS f1amP R ‘c‘-’ X\LLF
v ' ‘ X
70 X 74 X34 - 18¢ 4R o5
- o 3394
G200 X ,73 A.75
A
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ILLUMINATIGN CALCULA‘TIDN SHEET
For Use with IES Zonal-Cavity Method. -
(Sea individual data sheets on luminaires for c¢ocflicients of utilization)

GENERAL INFORMATION . ° ) . .

‘ Companynameéndaddress
Area to be lighted. ......... Y‘././?Q"'HO‘JSK
Design level of illumination. . ............. 0. .. ... . . (tndtint) (maintalned) _
Calculated by........... e Date...... . CheCKed bY. .. uueriiieeennne Date..........

DESCRIPTION OF AREA AND LUMINAIRE

. LI !
Dnmenslom ' S ‘ f :
, . " 23 3o
...... %7.9.....Room Length _ i w.e.
cive. 230, ... Room Width | S —— A
: . : L. hic 4
P 23...... Height of room between luminaire & work plane {hrc) v
....... /........Distance from luminaire plane to ceiling (hcc)
...... % ........Height of work plane above floor (hfc)
Reom Surface Reflectance 17 7o i Luminaire
....... ... .Ceiling . . Manufacturer .........oeceveeecccncnnsoacnnnn
........ \\'-./....,..Wallsaboveluminaireplane Catalog NO. ..o 7% i
LR S Walls between luminaire & No. & Type lamps ...... /3 2. W.. . KOS ...
/. work plane _ Lumens/Lamp ....... R

Tt TR Walls below work plane Light loss Factor ........ : 5’/ ...... cecsassnae
> A ..Floor ' .~ (LLDx LDD) :
SELECTION OF COEFFICIENT OF UTILIZATION ’ -
1. Determine cavity ratios using Table A or by formula .

Room Cavily Ratio = 4 : Ceiling Cavity Ratio= .0& ; Floor Cavity Ratio= . s
2. Oktain effective ceiling cavity reflectances (p..) from Table B; pe= «+ 7
3. Obtain effective floor cavity reflectance (pr) from Table B pre = /9

4. Find coefficient of utilization from published data (for y;, == 20%)CU. = k53

No, 6F FrolT canDLES X ARIA
FIXTYRES LAMES/FixTurE X LVMENS fLamP X Cu X LLF
jo X L70X7F 202300 5@
- 4 - = A
= - 2128

/bo®0 X .55 x5 &I

cowend Y an

Py

oy



TRU Waste Surface Facility Time and Motion Analysis



WIPP - TRU WASTE SURFACE FACILITY TIME AND MOTION ANALYSIS

The analysis of material handling in the TRU Waste Facility was
conducted and discussed over an extended period of time stretching
from July to December of 1976. During that period of time, a
number of TRU facility configurations were developed and considered.
The final design concept resulted from this extended evolutionary
process. As a record of the evolution, attached are several
pertinent documents relating to the time and motion study for

the facility. '

Item I is letter H&N-023 discussing utilization factors for work
areas within the building. The results of this portion of the
work were the decisions that both truck and railcars should be
handled simultaneously, that two overhead cranes should be used,
and that separate truck and railcar airlocks should be provided.

Item II is a draft discussion, with comments on laydown space
utilization within the facility. Item III is a partial revision
to Item II. :



P S ITEM 1

- .
l ‘n‘ N: !jc; 8 % €AST ORANGETHORPE AVENUE | AMANEIM, CALIFORNIA 82801 | M revee
WARVER, il IC, |

PRl L PRE DAL A2 )

= S | S
August 20, 1976 ‘ bee: + “J. Duncan
H&N-023 . - . Distribution

' o ‘ K. R. Brown

" Flle

Mr. James L. Ash

Fenix & Scisson, Inc,

P. O. Box 15609 S -
Tulsa, Oklahoma 74115

Dear Jim:

Attached for review and comment is 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 Iis
a surnmary of the various package configurations to be handled.
Scction II is the basis for the process flow and Sectxon IIl presents
the analysis and rcsults.

Bascd on the analysis rcsults, as shown in the attached, a number

of recommendations regarding facillty dcsign may be made. > These
arc: .

1. A minimum of three single railcar movers will probably be
required for the facility. One of the three, or a separate vchicle,
will have to be sized to handle multiple cars from site entrance to
storage yard and back., Two movcrs will support movement of
TRU wastes, onc will support RH waste operations,

2. A minimum of two railcar unloading stations are required. A
third station may be required, depending upon decisions on
such thinga as a scparate car 144 removal arca.

3. Two ovorhecad erancs ghould be used in the TRU Waste building
for car unloading.

e



Mr. James L. Ash Co S o

August 20, 1976 : B A '

HYN-023 ' ' . :

Page 2 A

| s |

4. Two truck stations are required. One may be a combination truck
and railcar station. Further dcvelopment of the site arrangement
and building conhguratxon will aid in the dccision 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

\ would be utilized tov transpurl ciuply cuntainers from the building

ec rather than requiring their irmmediate removal (cmpty) and subsequent

return to be loaded. Containers would be stockpiled in the storage
arca on pads' until such time as a vehicle was available to transport
them offsxte to their point of origin.

~ Review of the analysis will show considerablc reduction in station (and

thercforc cquipment) utilization if containers could be rcturncd to any
scender., Based on current criteria requiring rcturn of containers to
point o& origin thesce reductions will not be recalized. Use of an outside
station would minimize the utilization of building stations resulting in a
more cfficicnt facility. Use of such a station would also reduce the
interior storage space required for empty containers which are waiting
for a vehlclc to transport them home, :

Review of the attached will be apprcciated and will aid in decisions
regarding configuration of the site and TRU waste handling system. In

. order to be most effcctive the comments should be received by Septcmber

3. If questions arise, plcase let me know, -
Very truiy yours,
HOLMES & NARVER, INC.
¢ :
w i
Kent R. Brown '
Attach,

cc: L. Scully, Sandia Labs. (w/2 attachs.)
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I. PACKAGE SPECIFICATIONS

WIPP PROJECT
CONTACT HANDLING WASTE FACILITY

" Dimensions, Ft. Maximum Weight, Lbs.

Item Symbol Length Width Height Gross Tare

Supertiger Container ST 20 8 8 _UP® 44,300 17,000

P 46,700 17,000

_ . . : UP 44,000 5,000

Cargo Container CccC 20 8 : 8 P 43,700 5.000
Reocky Flats Fiberglassed Box ‘RF 7 4 4 10,000

Overpack Fiberglassed Box OB "8 5 ) 11,000 .1,000

UP 6,000 750

Mark 3 Container M3 5 4 6 P__ 8,000 730

' C 10, 000 750

55 Gallon Drumi, DOT-17C 55D UP 650 =100

P 900 <100

83 Gallon Overpack Drum, DOT-17C | 83D ) UP 750 1 100

P 1,000 100

* UP = Unprocessed Waste
P = Processed Waste

C = Mark 3 Container Holding Undrummed Waste




1I. BASIS FOR PROCESS FLOW

All quantitics are alternative average maxima per B-hour shift unless
otherwisc noted. That is, thc quantity flows between or through stations

for the different packages are not additive; they are alternative possibilitics.
The quantities are daily averages based on a stated annual throughput and

do not represcnt the maxima which could occur due to nonuniform frequency
of shipments during a weck or longer period of time. These surges could
be levelized by holding the arriving vehicles for unloading at a later time.

Work will be performed during only one 8-hour shift per day, 5 days per
week.

Four 55D or 83D drums per pallet.

Truck shipmeénts are by flatbed truck only. A flatbed truck carries only
one ST. No other type of package is shipped by truck.

A Supertiger can contain up to 33 drums of processed waste (29, 700 1bs.

* maximum payload) or up to 42 drums of unprocessed waste (27, 300 lbs.

maximum payload).

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
Item 5. '

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
RF boxes are never unpacked. However, they may be damaged. Minor
damage requires repair and major damage or external contamination
requires overpack,
Cargo containers hold up to 60 55D of unprocessed waste (39, 000 lbs.

maximum payload) or up to 43 55D of processed waste (38, 700 1bs.
maximum payload).

2=



10. Mark 3 bins hold up to 8 55- gallon drums each *Maximum’ payloads
arc:

Unprocesscd waste 5, 200 1bs.:
Processed waste 7,200 1bs.

.ll. Mark 3s containing undrummed waste or contaminated drums and soil
arc not unpacked. However, they may require minor repair or overpack,

E {2. On the average, 1,300 55D drums per week will be received. These
' could be rececived by any combination (or single type shtpment) of the
following possible shipment types:

a. Flatbed truck [1-ST (33-55D-P, 42-55D-UP)]

'b. Flatcar [3-ST (99-55D-P, 126-5.5D-UP)] C : *
c ATMx [2-CC (86-55D-P, 120-55D-UP)] |

4. ATMX [£0-M3 (160-55D-P or UP)] |

1

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
and vehicles are loaded to capacity) of containers and vehicles per day
and per hour for each shipment type is as follows:

Container and Vehicle Flow Rates (Average)

Sﬁipn;ent Type "~ | Vehicles Per | Containers Per -

Vchiélé Coﬁta,iner .Waste .| Day Hour Day - Hour
i‘lg:pea 1 sT  up 6.2 | 0.8 6.2 0.8
Flatbgd : ST P 7.9 1.0 7.9 1.0
Flatcar ST UP | 2.1 0.3 | 6.3 0.8
‘Flatcar ST P 2.6 | .0.3 7.9 1.0
ATMX | cC up |22 | 03 |44 0.6
ATMX cc P 3.0 | 0.4 6.0 0.7
ATMX. M3 P/UP | 1.6 0.2 . |32 4

-3.



14, Since vchicles arrive as discrete units, the next higher whole number of
vehicles is uscd as the flow basis. Thus, the daily and hourly tlow ratcs
for vehicles, containers, and drums is as follows:

Basic Flow Ratcs

(Maximum Average Alternatives)

" Shipment Type ‘Vehicles Per | Containers Per Drums Per
Vc,hiél,e lC“on!ta;i,n'er W.as;:é | ‘Day ‘ Hou‘x;. | Da.y i-Ier Day Hour
Flatbed | 65T | UP | E 0.9 | 7 0.9 204 | 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 ce 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

-

I



II1I. TIME AND SEQUENCING ANALYSIS

" 1. SPOT AND REMOVE VEHICLES
1.1 Requirements

The maximum number of railcars appears to be 4 per day
(3 for drums, 1 for RF boxes once per week; contaminated
M3s are assumed to be included with drums of RFs). The
railcar must be spotted, the containers removed from the .
car, and the car removed from its unloading station to wait
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
containers loaded on the car, and the car moved to the yard
to await pickup by a Santa Fe 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 .
unloading station. When a station is available, the truck moves
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/ST combination as received must be retarned to the
sender. )* 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
station.) To handle the maximum daily truck arrivals will
require 16 truck spoiting cycles.

1.2 Time Estimates

a. Move car from holding yard to unloading station and spot,
Minimum distance approximately 2,100', maximum '
distance approximately 5, 500!, average distance
approximately 3, 800’.

® Requircment modified August 4, 1976 - Analysis rectained for continuity
and futurc refcrence. Assumption is now that all containers, etc.,
rcturn to point of origin but may be shipped on a different vehicle.

---S-



Avcrage 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 timés assume that rail switches and building doors
are controlled such that the railcar never waits for these
actions.)

Remove ATMX car lids (3 per car)
Sandia estimate . 2% rmmin

Unload cargo containers from ATMX

Sandia estimate, 25 min each
(Includcs removal of braces and shormg) 50 min

Unload M3s from ATMX -
(Assume M3s unloaded in groups of four). There will be
5 lifts made. Braces and shoring will need to be
removed only once. Assume 20 minutes per lift
cycle. E

Time Required : o 100 min

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.e., 25 min.). Assume 10 min. required for
lid 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 1min

-6- . . )



f.

Unload STs (3) from flatcar

Remove ST ticdowns (4 per ST) 10.

Engage crane sling (4 points) .5

Lift and move to laydown area

(80 ft ave. at 40 fpm) 2

disengage crane sling s
Return crane for next ST 2
'. Répeat lift cycle for 2nd ST ' 14
Engage crane to 3rd ST o ' - 5
Lift 3rd ST free of flatcar IPEES

Time from spot car to car ready to
move out 44

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

. while preceding boxes removed. ) ‘ 20

Lift 4 boxes, move to laydown, and return

to ATMX 16
" Repeat lift cycle 5 times - 80
116

Move car from unloading station to

holding yard _ . 24

g',,r KA

Remove ATMX lid from reload 15

Reload cargo containers on ATMX and :
replace braces (same as unload) 50

=7~

min

min

min

min

min

min
min

min

min

min



k.

n.

o.

q.

Rcload M3s on ATMX

Load in groups of 4. Assume 20 minutes v
per lift cycle , 100

Reload STs on flatcar
Engage crane to ST, move to flatcar,

disengage crane, and move to next ST _ :
(perform twice) : 28

Engage 3rd ST, load and disengage 12
Replace tie downs ‘ 10
Time to reload . ' 40

- Move truck from parking area to

unloading station and spot.

Tfavel distance, approxin‘iafely '
400' including turnaround and back
in to station. '

Tvra,vel time at 1 mph average (87 ft/min '4. s
Turning and spotting ’ 4 . ’ 1.'5
6.0

Unload ST from flatbed

Remove ST tiedowns {4 per 8T) . 10
Engage crané sling (4 pc;ints) , - 5
Lift ST free of flatbed S 1

16

isAOVe truck out of unloading station ' 4
Rospot truck for loading 6

Load ST on flatbed

Engage crane sling (4 points) 5

-8~

min

min

min

min
min

min

min

min

Coa
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1.3

1.4

Move ST and place on flatbed 2 min

Disengage crane sling . 5 min
Replace tic downs ' 10 min
22 min

A summary for Vechicle Unloadmg/Reloadmg Cycle times

- is presented in Table 1. 3.

Shipment Scenarios

The usage of the railcar unloading statmns 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 be:

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 sta.txon
days. Thus, two stations would fall 2.4 hours short of .~
handling this vehicle load. However, since the RF 4
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
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
tars 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 o= 152
1 ATMX (RFJ =229 X 1 = 229
981

«9a



TIME SUMMARY FOR VEHICLE UNLOADING/RELOADING

“01-

Vehicle/Container ATMX ATMX
Combination ATMX | With With ATMX | Flatcar | Truck
Unload - With M3 M3 _With With With
Reload Cycle CC freturnable) (contaminated) | RF ST ST
Unload Vehicle (mfn. )
Spot vehicle (from hold yard) 24 24 24 24 24 6
- Ev-. X, /r
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 0.5
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.
Reload Cycle Time (hrs.) 2.3 3.1 1.5 0.5
Unload/Reload Cycle (min,) 276 376 . 213 229 180 58
4.6 . 6.3 3.6 3.8 3.0 1.0

Unload/Reload Cycle (hrs.)




Thus, the maximum day would require 2,1 station days, -
and two stations would fall 48 minutes short of handling the
vehicle load. The daily average station timc required
would be 798 minutes or 1,75 station days.

Thus 2 stations, each utilized 88 percent of the time,"
could handle this situation on the weekly average.

c. If all drums are received in STs on flatcars, .3 flatcars

‘ per day is the maximum required. The weekly shipment
of RFs would also arrive., The unloading station time
required would be:

1‘\4. ‘ L min 3 Flatcars (ST) = 180 X 3 = 540 6 _4_,];.(
1 ATMX (RF) =229X1 - = 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.
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: s e e el e P
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 conld be maintained. However,
materials and supplies must also be received at the truck
station. Therefore, a single truck station is inadequate.
Placing two truck stations side-by-side appears to provide
adequate unloading capacity, since only 4 hours of actual
use of the crane is required. (Only one crane can service
these two truck stations.) However, greater flexibility
~ could be obtained by using a railcar station and the second
crane for the second truck unloading station. Thus, only
one truck-only station would be required.



€.

If drums arc rcceived by any mix of ATMX (CC),

ATMX (M3), Flatcar (ST) and Truck (ST), the railcar
unloading station weekly time utilization (2 stations)

will fall betwecen 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
station). Shipments of contaminated M3s reduce the
utilization of the railcar stations since the ATMX is not
reloaded in this case.

1.5 Observations

. lo 5- l

1.5.2

1.5.3

The high utilization (95% and 88%) of the railcar stations
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 also are

considered, the utilization is reduced to 75%.

The utilization factor for the railcar stations could be
reduced by providing rail access to'the truck unloading
station., 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
stations. 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.

Utilization of the bridge cranes in the unload/load area
is as follows:

%of - % of

cycle time
ATMX (CC) shipment . | 58
A;rmx (RF) shipment ‘ . 64,
ATMX (M3) $hipment 70
Truck (ST) shipment " 66
ATMX (CC) + ATMX (RF) worst day 68

-12-



1.5.4

% of % of
cycle time

ATMX (CC) + ATMX (RF) average day -- . 58
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
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 used 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.

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 station. Thus, the tieup 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 time 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 stations 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
factor, '

The utilization time required for the prime movers
would be as follows: '

Min
Hookup and start moving
Travel from hold yard to wait station 15

Wait at wait station : 15

-13-



1.5.7

Enter building and unhook : 6

Return to hold yard ' 15

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.

If the wait time were eliminated, the prime mover time
utilized would be 560 minutes, or 61 percent utilization
of two prime movers.

Since a minimum of two prime movers is required to
handle the worst day traffic, the utilization ot two
stations can be reduced to 87 percent by having a prime
mover with incoming car wait near the unload/reload
station. 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
factor. This would provide flexibility and some relief

in the event of malfunction of station doors.

The utilization of the stations could be reduced if any of
the functions performed at the station could be removed

. to another station outside the building. ‘fhe candidate

functions and their time requirements are:

Remove Replace
Vehicle restraint - 10 10
Vehicle lids 15 15
Vehicle bracing 15 15

Lid removal at a remotec station would also reduce the
crane utilization.

- el4- -
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If it is assumed that:

® Vehicle restraints, lids and bracing are
removed outside the building :

e Cars wait close to the builaing for an

available station

then the cylce times would be:

-15-

(Minutes) (Minutes) (Minutes)
Unlqad . ATMX (CC) ATMX (M3) ATMX (RF)
~ Spot vehicle . 6 6 6
- Unload container . 50 100 116
Move out vehicle 5 .5 5
61 - 111 127
Reload 61 111 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), .
worst day 62 41 56
ATMX (M3) + ATMX (RF),
average day 51 34 46




1.5.8

If the vchicle bracing remained in the car until it
reached the unload station, approximatcly 30 minutes
would be added to the cycle and the ATMX (CC) +
ATMX (RF) worst day station utilization with 2 stations
would be 76 pcrcent, and 51 percent for 3 stations.

Another possibility for reduction of the station utilization
factor could be achieved if different containers (of the
same type) than those reccived could be returned to .
sender. The effect on station utilization would be
significant if lid removal cannot be performed outside the
building, but minor if lid removal is outside. The effect
on crane utilization appears to be insignificant since the
only crane time eliminated would be about 8 minutes of
crane travel f5r unloading (CCs per ¢ycle. The major
effect would be reduction of delay time for the railcar

or truck. As noted under Item 1.1 a modification of
criteria allows the return of containers by different
vehicles but still requires that they be shipped to the
point of origin,

On the worst failcar day there are 3.5 unload/reload
cycles, For each cycle the prime mover enters and
leaves the building four times as follows:

e Enter, spot loaded vehicle, leave
. e  Enter, attach empty, loave

® Enter, spot empty, leave

A

e Enter, attach vehicle, leave

Thexefore, the door is opened 14 times during the day.
If minutes is assumed to open the door, 5 minutes to
close the door, and 10 minutes for the prime mover to
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
will increase the percentage of time that doors are
unsealed.

For the worst truck day there are 8 truck unloads,

8 truck recloads, and one ATMX (RF) unload/recload
cycle. Thercfore a door is opened 32 times for trucks
and 2 times for the ATMX (RF). Thus, if a door open/
close cycle requires 13 minutes for a truck and 20
minutes for the ATMX (RI), -the total timc a door is
unscaled during the day is 456 minutes or essentially
100 percent of the work day.,

-16-
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1.5.10

The large portion of the time that a door to the loading
arca must bec unscaled appears to cast doubt on the
acceptability of a facility concept without an air lock
between the loading arca and the container unloading
area. i

It also is observed that with these large utilization
factors for the doors, the doors could become 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 railcars therefore
appears to be the most reasonable means of providing
building access while assuring maintenance of control
of facility environment.

A poss1ble 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 6pened and the
container unloaded through its end door. '

The utilization of the cranes will be increased by the

time required to remove and replage bin lids. Two '
bin lid lifts are required for each éM3s.and each 10 /%
RFs. If it is assumed that five minutes is required to
move a bin lid from the top of a bin to a storage platform
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 mir;u!:es
ATMX (M3) ' 25 minutes
ATMX (RF) 24 minutes
Flatcar (ST) 10 minutes

Thus the added crane time and crane utilization for
the maximum days would be as follows. (No station
utilization time is added if it is assumecd that lids are
moved while the vehicles arc being moved into or out
of the station.)



1.5.11

?
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Time (min) Utilization %

3 ATMX (CC) + ATMX (RF) 54 6
2 ATMX (M3) + ATMX (RF) 74 8

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 completcness but the represented design
approach is not being pursued.

Discussions during the August 4 - 5, 1976 review

meeting centered on the utilization of air. locks for truck/

railcar access to the buildin Two air locks would be
ity to haveaccesd to any statinn

4 without dmruyuug uperations in other stations. Addition -

of air locks will impact station utilization because of the
additional door travel required. The additional time
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

of air locks and changes in shipping criteria on cycle
times. : 4

‘The impact of this additional time on the various cycles

analyzed to this point is summarized in Table 1.8,
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 statinn for removal of 14ds and bracing.

1.6 Summary and Cunclusions

1.6.1

1.6.2

Table 1,7 summarigoo the ulillzation tactors for
railcar stations and cranes under various conditions.
It also contains incrermental utilization factors for
cranes to be added to the crane factors if air lock
bins arc used and thc bin lids are handled by the

cranes,

Station and crane utilization factors should be kept
low to provide for future increascd rates of matcrial
inflow, to provide flexibility, and to partially
accommodate malfunctions of equipment.

-18-
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. TIME SUMMARY FOR VEHICLE UNLOADING/RELOADING |

UTILIZING AIR LOCKS FOR BUILDING ACCESS

Vehicle/Container . N ATMX ATMX o
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
| G
. Air lock operation 10 10 10 10 10 3
Remove vehicle resiraints and
lids 25 25 - 25 25 | -- --
Unload container(s) 50 100 100 618l 4 16
Replace vehicle lids 15 15 40 40) -- -- A
Air lock operation 10 10 10 10 10 (’ﬂc
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
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TIME SUMMARY FOR VEHICLE UNLOADING/RELOADING

UTILIZING AIR LOCKS FOR BUILDING ACCESS

Vehicle/Container ATMX ATMX : :
Combination ATMX With With ATMX Flatcar Truck
Unload - With M3 M3 : With With With
Reload Cycle CC (returnable) (contaminated) | RF ST &T
Reload Vehicle {min.)
Spot empty vehicle ) 24 24 (Not {Not 24 6 -
Reloaded) Re- 7‘%‘
Air lock operation 10 10 - loaded) 10 .3 7
A
Remove vehicle lid 15 15 re --
Reload container(s) 50 100 - 40 22
Replace vehicle lid and restraints - 25 25 -- --
Air lock ti 1C 10 3) (
c
ir lock operation 10 C3/
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.) 31b 416 233 249 220 70
Unload/Reload Cycle (hrs. 5.2 7.0 3.9 4.2 3.6 . 1.1
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TIME SUMMARY FOR vZHICLE UNLOADING/RELuUADING

UTILIZING AIR LOCKS FOR BUILDING ACCESS

ASSUMING EMPTY CONTAINERS AVAILABLE FOR RETURN TO SENDER

Vehicle/Container ATMX ATMX .
Combination ATMX With With ATMX Flatcar Truck
Unload - “With M3 M3 ' With With With
Reload Cycle CC (returnable) (contaminated) RF ST ST
Relead
Unlc-agl Vehicle {min.)
N
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 - -
Unload container(s) 50 100 100 116 44 16
Reload container(s) 50 100 -- -- 40 22
Replace vehicle lids - 15 15 40 40 -- --
Air lock operation 10 10 10 10 10 3
Move vehicle to hold yard 24 24 24 24 24 4
Cycle Time (n-'lin.) 208 308 233 249 152 54
Cycle Time (hrs.) 3.5 5.1 3.9 4.2 - 2.5 0.9




UTILIZATION FACTOR (% EACH UNIT)

TABLE 1.8

(Failcar Stations ard Cr_anes)

Handling Conditions
Shipment Scenario

Maximam Day

Average Day

2 Stations

3 Stations

2 Crznes

2 Stations

3 Stations

2 Cranes

1. Without close wait, without lid station

3 ATMX (CC) + ATMX (RF)
2 ATMX (M3) + ATMX (RF)
" 3 Flatcar (ST) + ATMX (RF)

1/3 each ATMX (CC), ATMX (M13),
Flatcar (ST) + ATMX (RF)
1,
- 1/4 each ATMX (CC), ATMX (M3},
L Flatcar (ST}, Truck (S5T) + ATMX (RF)
A
Z( Without 2lose wait, without lid station

3 ATMX (CC) + ATMX (RF)
2 ATMX (M3) + ATMX {RF)
3 Flatcar (ST) + ATMX (RF)

3. With close wait, with lid station (lid only)

3 ATMX (CC) + ATMX (RF)

. 2 ATMX (M3) + ATMX (RF)

3 Flatcar (ST) + ATMX (RF)

115
105

85

87

76

75

71

58

51

68

73

48

T3

45

56

95
88

65

83

15

63

57

55

60

55

60

35

46




UTILIZATION FACTOR (% EACH UNIT)

TABLE 1.8 - Cont.

‘_ ;('Ra'ilcar-Stations and Cranes) A

ﬁandling Conditions . Maximum Day | Avérage Day
Shipment Scenario 2 Stations | 3 Stations | 2 Cranes 2 Stations 3 Stations | 2 Cranes’
_ 4. With close wait, with lid sta'tic-)n (lid # bracing) -
-3 ATMX ‘(CC) + Afrh';x (,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 ATM* (CC)+ ATMX (RF) 6
2 ATMX (M3) + ATMX (RF) 8
6.- Building air locks
(Without close wait, without lid statiomn)
3 ATMX (CC) + ATMX (RF) 130 87 105 70
2 ATMX (M3) + ATMX (RF) 120 80 90 60
3 Flatcar (ST) + ATMX iRF) 100 67 70 47




TABLE 1.8 - Cont,

UTILIZATION FACTOR (% EACH UNIT)

(Railcar Stations and Cranes)

Handling Conditions
Shipment Scenario

Maximum Day

Average Day

"’d. ﬁe
X

2 Stations | 3 Stations |2 Cranes | 2 Stations | 3 Stations | 2 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
2 ATMX (M3) + ATMX (RF) 95 63 65 43
vi. 13 Flatcar (ST) + ATMX (RF) 15 50 50 33
8. Building air locks with close wait, with 1id
station (lid and bracing) :
3 ATMX (CC) + ATMX (RF) 80 53 55 37
.'wZ ATMX (M3) + ATMX (RF) 80 53 55 37
. 3 Flatcar (ST) + ATMX (RF) 83 100 67




1.6.3 Maximum day shipments of CCs and M3s cannot be
accommodated by two stations unless the ''closc 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
comfortable. This can be reduced by either of two
approaches; installing a third station, or installing
a vehicle lid removal/replacement station external
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 percent but
the crane utilization could be as high as 81 percent for.
an M3 day if the crane is also used to lift air lock lids, .
Thus, the cranes would be controlling and there would
be little, if any, flexibility or unused capacity in the
system. The crane utilization could be reduced to 73
percent maximum by installing a separate crane or
other mechanical device for air lock lid lifting.

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. I the car bracing also is
removed at this remote station, the car unloading
station utilization is reduced to 62 percent for two
stations, 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 thrbugh.
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
achicve maximum growth in throughput. It also presents
the alternative of providing for the remote station but
postponing its installation until the throughput proves

-~ to excced the capacity. .

N . - ;.25-



1.6.8

1.6.9

1.6.10

To achieve the utilization factors indicated will require

very precise scheduling and traffic control both inside
the building and on the site rail system. Automatic
display, completc communication, and pessikly zentral
control of yard traffic will be required. '

Although the truck station maximum utilization factor

is only 50 percent for two stations, the crane utilization
would be 66 percent (without bin lids which would be
lifted by the other crane) since only one crane sérvices
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.

If the ''close wait' concept is used and there are only
two prime movers, each would be utilized 84 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.

-26-
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2. LAYDOWN SPACT. UTILIZATICN

2.1 DBasis 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

received. All containers and boxes are unloaded from the vehicles

and transported to a laydown area by bridge cranes. An alternative '

1

' possibility would be to unload drums from an ST while the ST isona

| flatbed truck. This method of unloading might also be applied to the
;9‘6’: last ST on a flatcar. The laydown area is an open floor space between
N i the vehicle unloadmg area and the container unloadmg area. (The
%\‘;‘\ container air samphng locaticn and procedure should be def:ned If
'g Nz " sampling can be gerformed before unloading the ST from the vehicle,
v this may not be a consideration in the time cycle since sampling could
E;‘: probably be periorrﬁed while the tiedowns are being removed.)
Y
%5 | |
N 5 ; The 55Ds are assumed to be unloaded three at a tjme irom the containers
N E " {(STs and CCs) through end-opening doors while the containers are in the

. laydown area. (A special des1gn drum grabber wxll need to be developed

to lift three drums from the side since there is inadequate headroom in

' an.8T to lift from above.’) The 55Ds are then moved to a 24-drum pallet,
However, a small portion of the con’taifxers may be found to be contam-

. inated on the inside. Internally contaminated containers are moved to the
overpack area for 'unpacking. (If internal sampling ie ﬁerformed while
containers are on the vehicle, contammated containers would be moved
directly from the vehicle to the overna."k area.) “This frees the space for

‘other u_se.)fv;'hen containers are unloaded in the laydown space, the space
is tied up until the proper type vehicle is available in a loading station to

receive the container.

Twenty M3s are received in an ATMX car. They are lifted, four ata:

t‘ime, using a special spreader, and moved to a laydown space. Eight

L S " P
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M3s can he placed in a1l' 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 from it. (The sampling method should be
defined). | | |

| 2ST
55Ds are removed from the M3 using a5T forklift equipped with a
special' design drum grabber based on the Lift-O-Matic concep;:. "The ‘
drum lifting device will need to extend belo;v the truck forks far enough
to reach the bottom layer of drums in the M3. Thié can Be done .by a
fixed extension of at least 3 feet or By a movable extenéion which can |
travel vertically to reach.thé dru.rné. The fixed extension would be less
costly but it would increase the lift height required for the forklift Aby
about 3 feet to a clear lift height of at least 12 feet u'nder the forks.

The present design of the M3 prevents unloading drums 4 at a time,
However, the design may be. modified to 'perrni-t unloz;ding 4 at a time.
If this design modification is not made it will be necessary to unloaq
drums one or possibly two at a time. This woﬁld requiré' modification
of the lifting device to permit rotation so that a druxﬁ in any quadrant

could be gripped at the point ona radius of Lhe four drum glugter.

- After the M3s are emptied, and the lids replaced on them, they are lifted,

four at a time, into an ATMX car for shipment back to the sender.

Twenty-fouz; RFs are received in an ATMX. They are handled four at a time
(stacked two high) using the sliﬁgs whic;h are left in placé by the sender.

A _spréader will need to be designed to maintain a 6-inch spaciﬁg 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
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unhooking the outboard side of the sling from the crane hook and then
pulling the slings from arouﬁd the RFs by raising the crane hook to
pull the slings through the space between the RF stacks, The slings
would be réturned to the ATMX by the crane a§ it approached for the
next load of RFs. About 38 ft. clear from floor to crane hook would

be required for the slings to clear the top of the RF stack.

The air inside the RF is not gampled for c_ontaminationv‘nor is any
material removed from the RF, The RFs are removed from the
laydown space, one at a time, using a 7.5 T forklift. They.are trans-
ported to a 8.5' x 12, 5! paliet which holds two RFs. Before being
placed on the pallet they are inspected for damage and external con-
tamina.tipn(? ). If damageti or contax.'ninated; 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, are:

LAYDOWN SPACE MATERIAL FLOW

Item Received : Verticai ' Horizontal.
Container/Waste In Out ' Out
Supertiger/Processed 1-ST 1-ST 33-55D
Supertiger/UnprocesSed 1-ST 1-sT A 42-55D
Cargo Container/Processed 1-CC 1-CcC ' 43-55D
Cargo Container/Unprocessed 1-CC 1-CC | 60-55D
Mark 3/Processed flamecersad 8-M3  8-M3 . 64-55D.
Mark 3/lsbproc'essecfc.~"""."§e-$d3 - 8-M3
Rocky Flats Box 12-RF - . 12-RF |

The arrangement of items in the laydown space and in the corntainers is
indicated in the following sketches. It can be observed that:
° If fonr M3s are carried in a single lift by the unloading
crane,A eight M2s (2 lifts) can be loaded into a laydown space

. with space inside the laydown,to stack the M3 lids when they
© e . - Cy gﬂ“('c\ ' . ces " —————— e
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arc removed. 2.5 laydown spaces are required to hold the

M3s from an ATMX car.

Twelve RF's in a laydown space is oné-half an ATMX carload.

An ST with inside dimecnsions of 76" x 76" x 172" loag will hold 42
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 betweéﬂ iifts. 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 unluadiug alao apply to the C.(.. Tnside
dimensions of CCs are about 7' -9-3/4" (93-3/4") wide by 7'-4-1/8"
(88-1/8'") high. "

Portable ra;.mps will need to ’peAuséd with the ST and CC to allow the
fork]:.ift to enter the lconta_.iner. These -ran"1ps v}ill need to be stored
whgn 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 from
the end of the la;ydow_n area by.mea;xs of a 7.5 T forklift. A boom
attachment appears feasible for lifting the M3 v'vith !a 30" ‘loaci center.
It may? not be possible to iift 55Ds from the M3 foux: at a time due to
thé ﬁp on the M3 which reduces the minimum opening to 46-3/4'.

The Lift-O-Matic four drum device spaces the drums at 1." aparl

(i. e., }7" outside dimension). Redesign of the M3 will be required for
four drurﬁ lifting.

It should be possible to remove drums, two at a time, with two single
drﬁm grapples on a lifting beam One at a time may be the most
practical. - o |

Wif.h the arrangements shown, a single laydown space size (11' x 27')

will accornmodate all four containers.



o One laydowr{ spuice is c-ﬁuipped with a dolly (50,000 lbs. capacity)
for transport of occasional STs or CCs (internally contaminated
" to the overpack area for ﬁhpacking.

2,2 Tlme Estimates

A container laydown station is "tled up" or utilized from the time it is
designated to receive a conta.mer(s) until the container(s) is removed
and the space is available to receive another'shipmént. Thus, the
activities that determine the time cycle for laydéwn space utilization
are: ' ' ' ‘
a) Move container(s) from vehicle to laydown

b) Sample air inside container (ST or CC). (This should be

done).while cqntainer is on the vehicle, rather than in the

laydown space.)

c) Open container door (for ST and CC only)

~ Remove Lids(for uncontaminated M3 onfy)

d) Place ramp (ST and CC only) |

e) Empty container (if ST, CC or uncontaminated _MS) or
laydown space (if RF or contamiﬁated M3)

f) Close container door(s) (ST or CC)

Replace lids (uncontarninated M3)

g) Wait for proper type vehlcle to be spotted (if ST, CC or

Py ,,5.11‘
,; ne:c.r.r& -

uncontaminated M3)

h) Move ST, CC or uncontamma.ted M3s from laydown space
to vehicle.
'-":-Txme cycle estimates for the four types of containers, two types of waste
"and three types of vehicles follow:
4 ‘1 Sugertxger. Processed Waste (ST-P), Flatcar or Truck) Min,
Sample air at laydown, no waxt for vehicle.

1.1 Move ST-P from flatcar or truck to laydown and
dmengage sling

1.2 Sample air in ST 15

™



1.3

1.4
1.5

Open ST door (unbolt and swing back two doors in scquence)

Based on estimate provided by Sandia:

1. Remove 10 bolts from outer déor 15
2. Open outer door and secure 7
3. Remove inner door bolts and open 25

v | 47
Place ramp on floor \ '
Remove 33 55Ds from ST (3 per lift)

Assume forklift used to f#enter ST, engage three drums,

- backout and down ramp, turn, travel 20 ft. gO up ramp

1. 6 !
1.7
1.8

onto pallet, release drums on pallet, back-off pallet
and down ramp, turn, return 20 ft to ST (; min/cycle)
Remove ramp from floor and store

Close ST doors

Engage sling and move ST from laydown to flatcar or truck

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 throﬁghizal:cing

1.5

1.6

ramp on floor (1.1 - 1.4) are the same as Case 1

Remove 42 55Ds from ST (3A per lift). Assume 5 min/lift
cy;:le.

Time elements from removing ramp through returning ST

td vehicle (1. 6 - 1. 8) are the same as_Case 1.

3’ Sugertiger, Processed Waste (ST-P), ST remains on Flatbed truck

3.1
3.2
3.3
3.4
3.5

Sample air in ST.

Isolate tiedown from door only

Open ST door (unbolt and swing back two doors in sequence).
(ST Mot fe shipped en shims to rmise /1 off fatbed)

Place ramp on floor

Remove 33 55Ds from ST (3 per lift), Assume there are

pufficient forklifts operating so that a forklift approaches

the truck bed as soon as the approach is cleared by the

Min.
47

10
55

10
47

200

80
70

65
215

15
10
47

.10
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Min,

previous forklift (assumc 4 min/cycle). e 44

3.6 Remove ramp from floor and store | - - 10
3.7 Close ST doors - 47
3.8 kcplace tiedown on door ' 10
' | 193

4, Carpo Container

Cargo containers are shipped only in an ATMX. Therefore, they

must be unloaded from the ATMX .and rhoved toa la.y"down area for

- removal
area.

of the 55Ds. Internal air can be sampled only at laydown -

4.1 CC, unprocessed waste (CC-U), sample air at laydoWn,

no wait for vehicle.

4.1.1
4,1.2
4.1.3

4.1.4
4.1.5
4.1.6
4.1.7
4.1.8

Move CC-U from ATMX to laydown area, dxsengage sling
Sample air in CC ' _ ‘

Open CC doors (CCs are equipped with two doors and quick -
opening latch devices, 2 per door).’

Place famp on floor

Remove 60 55 Ds from CC (3 per hft, 5 mln/cycle)

Remove ramp from floor and store

Close CC doors .

Move CC from laydown to ATMX

4.2 CC, processed waste (CC-P) sample air at laydown, no

wait for vehicle

4.2.1
4.2,2
4.2.3
4.2.4
4.2.5
4.2,6
4.2.7
4.2.8

<

Move CC-P from A;I'MX to laydown area

Sample air in CC

Open CC doors

Place ramp on floor

Remove 43 55Ds from CC (3 per lift, 5 min/cycle, 15 cycles)
Remove ramp from floor and store

Close CC doors |

Move CC from laydown to ATMX

159

Min,

15

10

100

10

15
10

s
10

134



5.

Mark 3

Eight M3s are moved from an ATMX (4 at a time) and placed in

a laydown space., M3s with undrummed waste are removed from
the laydown area, one at a time, and placed on pallets for transport
down the mine shaft. Handling of processed and unprocessed

waste (in drums) is identical through the laydown a.rea.. 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 layduwu area (four at a time),
—%:Z/ft cycles at 20 minutes (assumed) per cycler
5.1.2 Remove eight M3s from laydown space
( Attach forklift slmg to M3, lift M3 back out, turn, move
to paliet, move up ramp onto pallet, deposit M3, return
to laydown area. Assume 8 mm/cycl..) “""w

¥

— A

A(sthere are no barriers around the laydown space, the
forklift can start moving M3s out of tﬁe_space as soon as
the crane deposits the first four.. Thus, the eycle time
added is only that required to remove the five M3s from the

space after the last load is deposited.)

6. RF Box

Twex!:ty-four (24) boxes a..re received in an AMTX car. The crane
moves them four at a'time, from the AMTX to.the laydown space.
Twelve boxes are placed in a laydown spa;:e, i.e., 3 lift cycles

at lgminutes pe.r 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 vehicle,

assume only one forklift used.

Min,

40
40

&o




\

6.1;1 Move 12 RFs from ATMX to laydow‘ﬁ area (four at a'tifne)
" 6.1.2 Remove 12 RFs one at a time, from léydown area to
log-in area. (132 minutes elapsed time) -
a, Enter space, pick up RF, back out 1
b. Séan RF for contamination or minor‘
repair ‘ : | ! 5
c. Move to log-in area or to minor repair
area, laydown RF and return \\\5
(As there are no barriers‘ on the laydpwn area,
" the forklift can remove the first RF as soon
as‘the crane removes the sling from the RF's,
i.e., about 12 minutes af'ter starting to refnove
RF's from the ATMX. Thus RFs a.re' being removed
from the space during 36 minutes of the time the
apac;\ is being loaded with f{Fs. >'I"herefore, the

added cycle time will be 96 minutes) '

" 2+3 Shipment Scenarios

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 RF's ;
could arrive the same day. Th;1s, on the worst day :the
following laydown space times would be required.
a. The maximum time requifement occurs if the
waste is unprocessed, and air sampling is done |

after unloading.

9ST-UP =215x9 = 2130
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 STe,‘ an‘empty space must be provided

adjacent to each ST space, or a total of 12 spaces is required.

Min.

48



b, Since thc RFs are reccived only once per week, the average

day would require

9 ST-UP =215x9 = 2130

- 24 RF =144 x2/5 = 58
2188

Thus five spaces would be 95% utilized, but 378 drums would

be processed rather than the 260 daily average.

| 2. 3-..2 If all drums .é-z"e s};_ipped i_n CCs; six (6) CCs could arrive on the worst
' d#y and the ATMX with Ri's coiild 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

24 RF (2 binloads)

954
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,
the tieup 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 té uhload
station, decouple tractor. 6
c. Unload ST 193
d. Move truck out of unloading station through a..irlock _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 handlc the RF‘ boxes,



2.4 UNLOAD ATMX/M3

Basis and Assumptions

o

Maximum of two ATMXs- (20 M3s each) arrive per day.

Each M3 contains 8 55Ds. _

On worst day an ATMX with 24 RFs will also arrive.

Flow through (in one airlock, out the other) used for v'ehxcles.
When a raxlcar is pushed mto station No. 1it advances the
incumbent car to statzon No. 2 and pushes the car from statmn :
No. 3 into airlock No. 2 where it is picked up by a donkey. "’

M3s are lifted 4 at a time from the ATMX and placed in

vposjition for unloading by a forklift.

M3 lids (12 gag,steel) are secured by 20, 5/16 x 1, 18 UNC
screws (hequhead). Agsume 10 minutes to remove usuxg
power tool. ‘

M3 lids weigh 100 lbs?:nd have no piékup points. They will’
need to be removed by using a sling. Assume sling attached
to differenf forklift than will unload the M3s., Assume 5 minutea v
to lift, move and laydown lid. ' ‘

Two 25 T cranes may work simultaneously on a single ATMX,

" but with the ATMX in Station 1 or 3 they must work in ﬁnison,

Gfeate'r flexibility is obtained if each crane operates to the
maximum extent in its own half of the builld_ing‘. |

After the 25 T has moved an ATMX 1lid (s), the lid sling must be
removed and a special sling or sti‘ffback must be attached for
lifting the 4 M3g. This time is included (on the average) in the
M3 lifting cycle of 20 min per lift. '
Air inside M3 must be sampled before lid is removed. Assume
10 minutes per M3, Assume sampling crew precedes lid
removal crew in perfect sync. (Location of sampling port and

method should be defined.)



Min,
- Move to laydown area and lower

- Disengage 4 lifting bars (fnan must get to top of M3s)
- Move 25 T back to ATMX

8|~ 5

M3 UNLOAD, SPACE REQUIREMENTS

1. A}ssufngtions‘b
L.l ATMX lids are 17' x 10' x 6.3" thick

1.2
.3
1.4

L5

1. 61,6

1.7

1.8l

frem-both-sides, the center of the load is 36" from the fork face,

Spécé occupied by ST with door open is 25' x 11'.

Space o‘ccupied by CC with doors 6§en is 24' x 8',

Space occupied by 8 M3s with lids removed and stacked in two
stacks at the end of the M3s ié 25' x 8' min. or allowing 6"
clearancAe beéween items, 27" x 8'6"., ‘ If lids are rotatéd 90 Siegrees
and stacked in a single stack the uv;:ra.ll dimcensiens including
clearance would be 26' x 816" ' —

Space 6ccupied by 12 RF's stacked 2 high is 24' x 7', If 6'' clearance
is provided between RF's, the space becomes 26'6"" x T'.
I;.aydown‘space is needed for two spreaders for removal of CCs.
Each'aprca‘dor is 20' x 8',

Unlogding space module should be 27' x 11'.
When drums are unloaded from STs or CCs three at a time, the

‘ When it 11 necessary Fv reach over one row of
maximum payload is 2700 lbs. g N Avwas Fo

CPeech Jven
i row ea
The { @@ sheet

"\gf p{74~aujl

T ———

diata.ncé fgom axle centerline to fork face (4000.1b towmotor) is
12, 5". Assuming the lifting 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
require'd to give this rating. The minimum aisle for 90 degree

stacking is 94" + 48" load or 12'. Thus, a 2.5 T forklift has the

s o itm s e

ability to load ﬁalléts by either driving onto the pallet or reaching



2] SR

’

Two 2.5 T forklifts work simultaﬁeously to unload 55Ds one
at a time from a group of M3's. Each forklift operates in a
vacant laydown space; one on each side of the M3 gro'up.

As soon as four M3s are emptied they can be reloaded on the
ATMX (after lid replacement). Pickup and unhook time is
included in the 20 minute M3 handling cycle. “
Asg 55Ds are removed from the M3 they are carried by the"‘.
forklift to # laydown area consisting of a pallet large e‘nough

to hold 24 55Ds ina 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 ul; a ramp onto the pallet.

Asgsume the forklift is eqﬁipped with a singlé drum
Lift-O-Matic mounted so it can be rotated 360 &e‘grees and
have two direction translation. It also has a vertical arm

to provide lateral support at the lower portion of the drum.,

_Min.
.55D unload time estimate ‘
a. Obtain position at M3 .5
b. Lower, align gripper, engage and lift drum 2.0
¢, Back, turn and start run 5
d. Runto laydown and turn 5
e. Inspect for repair and swipe representative sam'ple 1.5
f. Laydown, back, turn and return to M3 1.0
g. Im)entory taken on'pallet, indépendent of handling
process. (No cycle time'involved.) 2
The lift cycle for removing M3s from an ATMX consists’
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) l ‘ 6

B bt o L TR PP
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' o nd +'wo |¢h~¢// three Lram )Cfum the
el —owkYeeord  sid f o(- t/ _E.Lw“‘/ J,zss t

" from either side to place drums in the center rows,. It also provideas
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 smaller lift and some flexibility is sacrificed)

o



5.1

5.2

Calculation of Forklift size to handle loaded pgllet.

12, 5'
' Load
24 drums :
overpacked @ g.5 - drums 24,000
1000 lbs ea pallet 5,000
) forks 1, 000
' 30, 000 1bs

Center of load is 51" from fork face. For trucks in 30K clasé,
distance from fork facé to centerline of drive axle is about
24".' Thus, inch-pound rating required is (51 +V24) 30,Q00 =
2,250,000 inch-pounﬁs. The truck capacity at 30" (towmotor
load'cqnter distance for trucks above 20,'000 ib class) would be

2,250,000

(30 + 24) = 42,000 1bs

At 36" load center (Clark rating distance above 3?,000 1bs), the truck
capacity would be 38,000.1bs. Fo1r Clark frucks Both ‘the 35K and
40K trucks have 240" furrﬁng ra&ius. | Ovérall length to fork face '
is 242", Thus the machine with forks would be about 26 ft Ior{g

by 11 fi: wide. \These trucks (Clark) have gas or diesel engines.

The minimum aisle for 90 degree stacking is about 29 feet,

Calculation of forklift size to handle RF boxes.

This forklift should handle overpacked RFs as wel as regular RFs;

The overpacked RF is 5x 5 x 8 and weighs' up to 11,000 l1bs with a

30" load center. In the 12,000 1b class, the dfive axle to fork face
dist#nce is 16.13" Thus the inch-pound rating is (30+ 1(.7.13)(11.000);5'10,000’.‘
The 12, 000 1b éapacity truck is rated at only 481,000 inch-pounds.
Therefore, the‘next larger size, i.e., the 15,000 Ib truck is required.

This truck has about an 18" drive axle to fo;k face distance. Thus

the inch-pound rating is (30+18)'(11.000) = 528,000. This is well within .
the 628,125 iﬁch-pound rating of the truck. '



The minimum aisle for 90 degree stacking for the 15,000 1b tihek is
128.25" 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 , 906 stacking
2000 ‘~ 8 . 3 10'
5000 10" 4 12!
15,000 14! 5! 1A!

40,000 26 1! 30 29

5.4 Hoist

25T with 5T aux (Shaw-Box) requires 3'3" from hoqk to railAcenterline
and 10-1/8’/_from rail to column or wall face. That is, the main héok .
will reach within 50" of the column face. o ,

The auxiliary hook, following behind the main hook, has a separation

diatance 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.



ITEM III

UNLOAD LAYDOWN SPACE

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.

received. All containers and boxes are unloaded from the vehicles and

- transporfed to a laydown area by bridge cranes. The lajrdan area is

an open floor space if no airlock is used between the vehicle unloading

area and the container (mloading 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 procedure should

be defined. If sampling can be performed before unloading the ST from

the vehicle, this is not a consideration.)

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 areceiving/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,

‘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



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
ud/oot/o;y /rece;w;y//h.r/eof'rim Area,

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 .
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:

Reéeived Bin Quantity =Itern

Item (waste) _ In Top Out Top Out End In End
Supertiger/Processed 1-.8T ‘ : I-ST - 33-55D | e—
Supertiger/Unprocessed 1-8T 1-51 42-55D -
Cargo Container/Processed 1-CC | 1-CC 43-55"13 .
Cargo Container/Unproceggl 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-M3 10-M3
Mark 3/Undrummed | 10-M3 — 10-M3 -

Rock Flats Box - 12-RF — ) 12-RF -



The arrangement of items in the bin or laydown spaée and in the

containers is indicated in the following sketch., It can be observed that:

o If 4 M3s are carried in a single lift by the unloading crane, 10 M3s
(2.5 lifts) 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.)

o To load 10 M3s (4 per lift) into each bin, the loading sequence would
be: : "
1. Load 4 M3s into bin "a'' near the door
2. Lower 4 M3s at rear of bin "a!, leaving two at wall

. Carry 2 M3s to bin "b" and deposit at rear wall

. Place 4 M3s in bin 'b'' near door

3
4, Place 4 M3s at center of bin '"a’
5
6. Place 4 M3s in center of bin '"b"

o Ten M3s in a bin is one-half an ATMX carload (This is desirable).

© Twelve RFs in a bin is also one-half an ATMX carload (This is also

desirable).

o With the arrangements shown, a single bin size and shape will

accommodate all four containers.

o The minimum dimensions for the bin appear to be:
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 )72" 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 row, it is difficult to -
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pick up two per lift without having drums moved about between lifts.
A man would have difficulty moving a 900 1b drum by hand.) Therefore,

drums should be removed one at a time or 3 at a time,
Above comments regarding unloading also apply to the CC,

If magnetic coupling to drums can be used (this is being investigated),
and there is sufficient head room inside the ST and the CC, the drums
might be picked out three at a time by forklift. (Other means of drum

removal, sii¢h as ""Lift-O-Matic', are also Leing investigated,

Portable ramps will need to be used with the ST and CC to allow the
forklift to enter the container. These ramps will need to be stored when

‘not in use,

At least one laydown space will need to be eguipped with a dolly _
(50, 000 1bs capacity) for transport of occasionél STs or CCs (internally

contaminated) to the overpack area.

A practical means of removal of the M3s and RFs from the laydown
area will need to be determined. (More detail on the configuration of
the M3 and RF is needed a.‘s a basis for thls determination.) Une possi-
bility is to install a ¥oller floor in some of the layduwun 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

- 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 lé.;,"ciown
area by means of a forklift. There appears to be adequate head room,

and a boom attachment appears feasible for lifting the M3,




o Placing of RF boxes in the laydown space from above and removal
from the end of the space can be visualized for two alternative
configurations; one with the long dimension of the RF paraliel to thé'
long dimension of the bin; the other with the long RF dimension .p.e'r-.

pendicular to the long bin axis.

o If the RF and bin major axes are parallel, the RF's cah be loaded’
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 b}; 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 piékpp points. Two approaches to'remoyal frém the
bin are apparent: a si:ecia.l boom device with pendulous arms to grip
an.RF from above, or a means of sliding the RFs (on rollers or dollies) ‘
t_hrough 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 pfoviding 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

and is the preferred approach,



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 the time

cycle for laydown space utilization are:

a)
b)
<)

d)

e)
1)
g)

h)
i)
H
Ie)

1)

move container(s) from vehicle to laydown
close bin lid (if airlock used)

open bin door (if air lock used)

Sample air inside container (ST or CC). This
should be done while container is on the vehicle,
rather than in the laydown space.

Open container door (for ST and CC only)

Place ramp (ST and CC only)

Empty container (if ST or CC) or laydown space
(if RF or M3)

Close container door(s) (ST or CcC)

Close bin door (if airlock used)

Open bin 11d (if airlock used)

Wait for propor typo vohicle to be spotted (if
ST or CC).

Move ST or CC from laydown space to vehicle,



Time  cycle estimates for the four types of containers, two types of waste,

aind 'th,ree types of vehicles, follow:

Min.
1. Supertiger/Processed Waste (ST-P), Flatcar or Truck, Bin

Airlock, Sample air at laydown, wait for vehicle.
1.1 Move ST-P from Flatcar to laydown, disengage sling and

clear top of bin, 8
1.2 Close bin lid 5
1.3 Open bin door (door and lid are interlocked) ‘ 2
1. 4 Sample air in ST 15
1.5 Open ST door (unbolt and swing back two doors in sequence) 15
1,6 Place ramp on floor ' 10
1. 7 Remove 33 55Ds from ST (3 per lift) 44

(Is there dunnage to rem.ove?)

Assume forklift 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
1,11 Open bin lid . 5

* 1.12 Wait for available of proper flatcar or truck 30

1,13 Move ST from laydown to flatcar or truck 8

169



Supertiger, Unprocessed Waste (ST-U), Flatcar or Truck, Bin

Airlock, Sample air at laydown, wait for vehicle.
1. 1- Time elements from moving the ST through
1.6 placing ramp on floor are the same as Case 1.

1.7 Remove 42 55Ds from ST (3 per lift), Assume
4 min/lift cycle.

1. 8- Time elements from removing ramp through

1,13 returning ST to vehicle are the same as Case 1.

Min.

55

56

70

181



Supertiger, Processed Waste (ST-P), ST remains on Flatbed

Truck, No airlock.

3.2

3.3

3.4

3,5

3.6

Sample air in ST,

Open ST door (unbolt and swing back two doors

in sequence).
Place ramp on floor

Remove 33 55Ds from ST (3 per lift), Assume there
are sufficient forklifts operating so that a forklift
approaches the truck bed as soon as the approach is

cleared by the previous forklift (assume 4 min/cycle).
Remove ramp from floor and store

Close ST doors

Min,

15

15

10

44
.10

15

109



Shaft Sinking Procedures



WASTE ISOLATION PILOT PLANT
CONCEPTUAL DESIGN

SHAFT SINKING PROCEDURES



TRU SHAFT SINKING PROCEDURE

No development on the TRU Level except for 30 feet of the station on’
both sides of the shaft will be done off the TRU shéft. 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 Win facility.
However, its sinking will interfere with construction of the TRU Bﬁilding'on
surface so the sinking operations will have to be scheduled ﬁo be coﬁbatible
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 this éhaft sinking plan. Thus, 1t is based upon ex=
tremely limited information.
The TRU Shaft sinking program developed for the'conceptual design can
i
be described in a stepwise manner as follows:
1. Contractor =znts up his temporary electrical system, hoist and com—
pressors.
2. Excavate the shaft collar area to at leas: a l4-foot depth with
either 2 clamshell bucket or backhoe equient.
3. Form and install the necessary rebar for che shaft collar,
4, Pour the shaft collar.
5. Coumence actual shaft sinking for a 20. fo>t diameter excavatioﬁ
and establisih the drilling and blasting pattern, depth of'round,
etc. while mucking with a clamshell shovel. Concurrent with tﬁe
sinking operation, install an 15-inch thick shaft concrete liﬁing at
pour intervals suitable for the ground coaditions. ;If problem areas

are encountered, the shaft walls are shotcreted as necessary prior

to concreting to insure a safe and efficient sinking and lining

operation.



10.

11.

12.°

13.

14,

through the salt. However, as sinking progresses, sections may be
encountered whgre siltstone and shales present loose ground coh—
ditions. In the event that condition develops, roof belts =2rd cyrlone
screen are used to secure.the shaft walls. Spray-mortar, i.e.,

gunite or shotecrete, 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 allow examination of the bed-
ding to detarmine the final mining horizon., Excavation of that
rortion of che stétioﬁ done off the shafr is started using the work
de&k as a dcilling pla;form. The sfation excavation (30 feet on
‘either side of the shaft) proceeds with hoth sides advanced con-
currently with a cycie of.drilling on one side while mucking on
the othér,

As this station has a large cross-soctional area, it is mined
by benching to facillitate a cycle of drilling, blasting, mucking
and roof Lo'lting. Removal of the salt e:cavated in the station is
done using ~ompressad air.operated tugge:r hoists to slush material
to the shaft for loading into the sinking skip. |
Upon completion of the TRU Level Station excavation for the con-
crete station sill is completed, then formed aﬁd the concrete
poured.

Complete the shaft bottom.

Remove shaft sinking equipment, all temporary utilities and venti-
lation equipment from shaft.

Install the shaft conveyances.

Remove all of the shaft contractor's shaft equipment from the

job site.



When the clamshell becomes inefficient for muck removal, g
sinking hecadframe, hoist and sinking bucket are installed and
used. '(This will.probably occur in the depth range of 50 to 60
feep.).

Initiél ventilation for the sinking operation is established

Qtilizing tubing with a positive blowing system. .Later, wpen

' sinking at a greater depth, it will be more efficient if an exhaust

ventilation system'is used because the blasting fumes will be

cleared faster from the shaft bottom.

Install a multideck sinking stage with hoist. These are then used

to'complcte the shaft sinking.

Ccnmence installation of shaft sets and guides.

" - Resume shaft sinking and installation of the conerete lining, shaft

sets and guides through the lined section of the shaft. The only
potential fluid zones kuown at this time =re the Magenta and Culebra

Dolomifes in the Rustler Formation and the contact between the Rustler

. and Solado Tormations. If grouting of these zonecs becomes necessary,

thé.suggested procedures are shown on shect A4 of Drawing No. 94569.
. The sha:’t lining is continued into the. Salado Formation until

a tompetent.formation is reached that is suitable for effecting-a

“water tight seal. There are several anhydrite beds near, the top oﬁ
the Soladp TFurmatlon which, 1f present as expected, should be

gQQdAcandidates for this purpose. The botitom of the lining is then

formed and keyed to provide a bearer set and water enllecting ring. .
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 shaft without imposing the requirement for later enlargg—

ment. Severe ground problems are not expected while sinking



RH SHAFT SINKING PROCEDURE

No development on the RH Level except for the underground transfer
cell will be done from the RH Shaft. Therefore, as storage operations are
not to begin until May 1, 1983, the sinking of thtis shaft can be done rela- ..
tively late during construction of the WIPP facility. However, its sinking
will interfere with construction of the RH Building on surface so the sinking
operations will have to be scheduled for compatiblity with the surface con-
struction.

ERDA No. 9 and the 21 potasﬁ evaluation holes pro&ided the majordily ul
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 RI! Shaft, |

The RH Shaft sinking program developed for the conceptuyal design is
described in a stepwise manner as follows:

1. Coutractor sets ﬁp his temporary electrical system, heist and com-

PLessors.

2. Excavate the shaft collar area to a miﬁimumldepth of 14 feet using
either a clamshell bucket or backhoe equipment.

3., Install the concrete forms and rcbar for ghe shaft collar.

4. Pour the staft collar.

5. Commence actual shaft sinking at a ll-foot diameter and estabiish
the dxilling and blasting pattern, depth of round, etc. while
mucking wih a clamshell shovel. The 18-inch thick shaft concrete
lining is »oured concurrently.at suitatle pour intervals dependent
upon ground conditions. The shaft wallis through problem areas are
shotereted 23 necessary prior to concreting to insure a safe and

efficient sinking and lining operation.



g

Efficient use of the clamshell for muck removal is anticipated
to be in the range of 50 to GO feet. Vhen this operaticn becomes

inefficient, a sinking headframe, .hoist and sinking bucket are in-

- stalled and used until later replaced -vith the permanent hoist

system.

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
clearing the blasting fumes from the shaft bottom.

Install a multideck sinking stage with its hoist. The multideck
stage enables several work tasks to proceed éoncurrently for max-
imum efficiency by alleocwing drilliﬂg and mucking in the Bo;tom to be
done at the same time as the lining operation (forming, placing
concrete or removing forms) or while sets and guides are being in—
stalled. This multideck stage is used until completion of the shaft.

sinking.

Comnence installation of the shaft sets and guides.'

Resume shaft :;inking and installation of the concrete liniﬁg,
shaft sets anl guides through the upper lined section of the
shaft.

Continue the shaft lining through all the potential water
bearing zones and into the Salado Formation until a competent fof-
mation is reached that can be used to eff:ct a water tight seai.
Several anhycdrite beds are expected to be preseat ncar the top of
the Solado Feimation and one of these should be a good candidate for
this purpose. The bottom of the lining is then formed and keyed so

as to provide a bearer set and walur collecting ring,



10,

11.

12,

13.

At this time, the only known potgntial fluid zones are the
Magenta and “ulebra Dolomites in the Rustler Formation and, pos-
sibly) a zone at or near the contact between the Rustler and Solado
Formations. The suggested grouting proccdures to be used, if
required, are shown on sheet A3 of Drawing MNo. 94567.

Continue sinking of the shaft 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
for the closure resulting from stress induced creep.

Shaft sinking through the salt is not expected to present any
ground problems. Howe;er, there may be sections where siltstone
and shales present loose ground conditicns as sinking progresses.
Should this condition develop, rcof bolts and cyclone screen are
used for securing the shaft walls. If deemed advisable at the tire,
spray-mortar, i.e. gunite or shotcrete, is also applied to prevent

further air slacking of the shale members.

At the depth of the RH Level, to improve ventilation, excavate a
minimal sized tomporary breakthrough to the shaft entry travelway
mined previously by a continuous wminer. The Underground Transfer
Cell, because of its height, is best mined by benching to allow
drilling and mucking simultaneously. Roof support is installed as
dictated by the ground conditions. All excavation of the Underground
Transfer Cell js completed via the RH Shaft. The shaft is completed
when the sump lelow the floor of the Transfcr Cell is completed.

Remove all shaft sinking equipment, tempora:y utilities and ventila-

tion equipment from the shaft.

Install the shaft conveyances.

Remove all of the shaft contractor's shaft equipment from the

job site.



-MAN AND MATERIALS SHAFT PROCEDURE

As with all o? the shafts, the majority of the information used as a
basis to férmulate this shaft sinking plan was obtained from the 21 potash
- evaluation holes and ERDA Wo. 9. By necessity, therefore, it i§ based
ﬁpon extreﬁely lim ted infermation. The conceptual shaft sinking program
_dévcloped for the lan and Material Shaft, along with the suggested grou;ing
procedures, are shown on sheet A5 of Drawing No. 94571 and can be described
in a stepwise mannu% as foilows:

- 1. Contractor sets up hi§ temporary electrical system, hoist and com-

Preesors.

2. Excavate the shaft collar area ‘to a depth of 14 feet using either
a clamshell bucket or backhoe equipment. Also excavate the per-
manent headframe foundation concurrently with the shaft collar.

3. TForm 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 concrete pour.

57 Commence actual sinking for a 26-foot diameter excavation and

establish a drilling and blasting pattern, depth of round, etc.

j while mucking with the'clémshell shovel. 1In cﬁnjunction with the
‘ﬂéinking-operation, Pour an 18-inch thick concrete lining at pour inter-
:vals suitable fof the ground condition: encountered. In any problea
areas encbuntered; shotcrete as necessary prior tobconcreting for
-a safer and.more efficient sinking and lining operation.
It dis anticibated that use of the clamshell for muck removal
will‘be effiéient only down to a depth of 50 6r 60 feet. When
uce of the clamshcli becomes inefficient, then a sinking head-
frawe, hoist and sinkiﬁg bucket are installed and used until re-

placed at a later time by the permancint hoist system.



10,

Ventilation for the sinking operatién is initially established
with tubing and a positive blowing system. Later, at a greater
depth, it is replaced by an exhaust ventilation system for»greater
efficicney in clearing the blasting fuues from the shaft bottum.'
Install a wultideck sinking stage and hoist. These are then used
to completa the shaft sinking.

Commence installation of the shaft sets and guides.

Resume shaft oinking and ingtallaticu of the conecrete lining,
shaft sets and guides through the lined portion of the shaft.

The Magenta and Culebra Dolomites in the Rustler Formation and the
contact between the Rustler and Solado Formations are the only po-
tential fluid zones known at this time that will be eqcountered in
this shaft. If grouting of these zones 1s required, the procedure
recomended is shown on sheet A5 of Drawing No. 94571,

The shaft lining extends into the Salado Formation to the
first competent formation reached that can be used to effect a
water tight seal. The information available at this time indicates

that there are severél anhydrite beds near the top of the Solado
Fgrmation which will be good candidates for this purpose. Tﬂe
botﬁom of thg shaft lining is formed and keyed in the anhydrite
bed selected to brovide'a bearer set and water collecting ring.
After the concrete lining is compleped, the last stage of forms
are renovad and, if deemed more efficient, the staging is modi-~
fied to a double deck stage for installation of shaft sets only.
Recommence sinking, only at a 25.5-foot diameter. This is done to
allow for that shaft closure which will occur as a result of
the ctrees induced creep. A small pump station is excavated at a

reasonablz distance below the water ring. The water collected in
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the water ring is piped to this pump station where it is phen
pumped to surface for disposal.

‘ Install the permancnt headframe, bin, hoist and a surface
salt conveyor disposal system. This can be done at any time
during the shaft sinking, but the earlier it is done, the more 1t‘.
benefits the shaft contractor with his muck removal, The pfo-.
duction hoist is brought into service for muck handliﬁg 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
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,

rocf bolts and cyclone screen are used to secure the shaft walls,
Spray-mortar, i.e., gunite or shotcrete can be applied to prevent
further air slacking of the shale members.

Sinking is continued to 15 or 20 feet below the anticipatéd
floor elevation of the TRU Level. This additional distance will
then minimize floor damage at the station and also allow examin-
ation of theAbedding to determine the final mining horizon.
Further, it also reduces the possibility of blasting darage whén
sinking is resumed,.

Excavation of the station on the TRU Level is started using the

work deck as a drilling platform an& allcwing the blasted salf“to
fall into the vacated shaft opening. Station excavation proceeds
with both sides being advanced concurrently with a cycle of drill-

ing on ocre side while mucking on the other. Mining of the statior,

‘ag it has a large cross—section, i3 done by benching to facilitate -

a cycle ¢f drilling, blasting, mucking and roof bolting.



12,

13.

Beczuse this shaft ic the main access for all personnel and
materiale handling, dgvelopment advantages are gained far Forpre
concurrent work if some development is accomplished prior to com-
pletién of tﬁe shaft., Therefore, in addition to excavation of the
station, an entry is mined from the shaft station to the Con-
structioﬁ Ventilation Shaft. An early breakthrough into the Con-
struction Ventilation Shaft allows improved ventilation flows with
one shaft Jduowncast and the other upeast. Iin 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 méjor advantage gained from this procedure is
the time that will be saved later by allowing equipment to be

lowvered and assembled while still sinking the shaft or during

installation of the skip loading equipment.

Upon completion of the TRU Level Stalfon, excavation for the
statjion concrete.sill is completed, formed, and then the concrate
poured. The hardware shown in the station design is installed
Quuuurruutly with thé station construction in order to facilitate
equipment handling. This hardware will include such itemsbas
the bridge crane and monorails in add:tion to thal equipment
useful tc the shaft sinking and develcpment done in this phase.
Resume shaft sinking operations to the RH Level at a shaft ex-

cavaticn diameter of 28 feet.

The RH Level Station is excavated following the same procedure

as that described in Step 11 for the TRU Level Station. This

includes installation of the monorail and crane to facilitate

handling cof equipment and supplies.

P
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15.

16.

17.

18.

19.

20.

21.

22,

Upca coupletion of the station, an entry cqnngcting the Man and
Material Shaft to the Construction Vertilation Shaft is minéd to
improve ventilation. In addition, a winimal gized entry is aléo"
driven from the Construction Véntilation Shaft around to the top

of the skip loading pocke;. This will allow an earlyvbreaktﬂrough
to be made when later excavating for the skié loading facilities.
Dué to the relatively inefficient muck handling facilities avail-
able .at this time (as comparéd to the skip loading equipment avail-
able later), all entry development should be kept to miniﬁal sizes
and‘then enlarged lgter when_more efficient.facilities.are installed.
Excavate, form and pour thé RH Station sill.

Resume shaft sinkiﬁg at a 28jfoot excavation diameter. As the‘shaft
is deepened, excavate the opening requiréd for installation of the

skip loading pocket.

Continue with the skip pocket excavation and complete the shaft
excavatinﬁ to a depth that allo&s installation of the skié pocket
equipment:. -

Form and pour the concrete floor of.fhc skip loéding pocket and.
install the loading pocket steei ané skipvloﬁders.

Complete excavation to the shaft bottum, including concreting the

floor and sump. Also mine a 10-foot .ong entrance to the ramp

" off the rhaft bottom to provide a safe breakthrough for the ramp

when it is driven later.

Remove the shaft sinking cquipment.

Iustall the shaft conveyances and remove all témporary utiiities
and ven;ilation equipment from the sheft,

Install the permanent power, counnecticns, etc. in the shaft;

The remainder of éhe shaft oricntéd work is dane using the éer;
manently Installed sﬂaft equipment (erpecially the skips) for

improved efficiency.
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24,

25.

Excavate the openings required for installation of the salt
handling equipment below the RH Level. Until this facility is
complete and operable, muck handling at the Man and Material
Shaft is inefficient and no mine development can begin.

Start the excavation with a small sized (approximatély
6 foot diameter) inclined raise to connect the skip loading pocket
to the transfer gallery (about.35 feet in length). Then drive
an opening (again of minimal dimenslous for maximum advance rate)
to the transfer storage location. This requires a sublevel 75 to
80 feet in length. At the end of this sublevel, drive a vertical
breakthrough raise up to the RH Level. The purpose of this work
is to provide ventilation with a minimal amount of muck handliﬁg.
Upon making the connection, ventilation is established through the
skip loacing facility.

Starting at the top of the skip loading pockét 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
1nto the skips, All of the skip load:ng facility is miﬁed from
this shaft.

Install the equipment for the salt trinsfer facility, including
the RH storage bin, the chute for the TRU salt transfer, the bin
feeders and all conveyors. Concurrently, install the TRU transfer
conveyor on the R Level to the botton of the propuscd TRU-RI muck
raise. At the same time this ecquipmert is being installed, the
TRU-RH mrck raise pilot hele is drilled from the TRU Level,

The TRU-RH muck raise pilot hole is erlarged to its final 6-foot
diameter by reaming upward. Since the cuttings fall by gravity

to the RH Level, they are loaded onto the conveyor installed in
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26,

27,

Step 24. As no facilities exist for handling muck from thé TRU
Levei until this raiée’is coﬁpieﬁed, it is readily apparent that
Steps 23, 24, and 25 must be carefully scheduled an& until these
facilitics are-complefe and operable; fgll scalevmining on both

levels is delayed. Some equipment assembly and installation work

~can be performed, but the operation of the muck handling facility

is the focal point for mining by continuéus miners on the two
underground levels and, therefore, the shaft salt handling capa-
bility must be operational before any significant development

work can be started on either level.

‘Although it is not an integral part of the shaft, the incline from

the RH Level to the shaft bottom ié_fequired for efficient full
scale operation. Mining can commence prior to completion of this
incline, however, it is réquired in order to provide an efficient

method of cleaning the inevitable spil)l that will occur during

skip loacing.

Completicn of Steps 25 and 26, and the removal from the site of
the shaft: sinking equipment constitutus completion of the shaft

construction.



VENTILATION SHAFTS SINKING PROCEDURE

‘Both ventilatilon shafts are the same size and, therefore, will be sunk

“in the same manner. As with all of the other shafit sinking plans formulated
‘for the conceptual design, ERDA No. 9 and the 21 potash ecvaluation holes :

.'provided the majority of the information used as a basis to formulate this

éhafg sinkiﬁg plan. Shcef A3 of Drawings No.A94573 and Ns. 94574 shows the
sinking and grouting procedures developed during ihe conceptual design for
the TRU-RH and Construction Ventilation Shafts respectively.
The Shaft'sinkilg program developed during the conceptuai désign for
the twe ventilation shafts is described in a stepwise manner as follows:
1. Contractor sets Qp his temporary electrical system, hoist and com-
pressors.
2. TExcavate the shaft collar area to a minimum depth of 14 fect using
either a clamshell bucket or backhoe equipmeﬁt.
3. Install the concrete forms and rebar fof the shaft coilar.
4. Pour the shaft collar.
5. Commence the actual shaft sinking at a 16{5~foot diameter excavation
size and establish a drilling and blaséing pattern, depth of round,
;tc, while mucking with a clamshell shovel. The 15-inch shatt con-
crete lining is poured coq;urrently vith the sinking operationé and
-at pour heigﬁts suitable for the ground conditions encountered. The
shaft w;lls through any problem arecas are shotcretéd as neéeséary
prior to concreting to insure a safe ana efficient éiﬁkiﬁg and lining
operation.
Efficient use of the clamshell for muck removal will ﬁrobably

‘be in the range of 50 or 60 feet. When this operétion becomes
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inefficient, then a sinking hcadframe, hoist and sinking bucket are
installed and used.

Ventilation for the sinking operaticn is established with

tubing and a positive blowing system. Later on, when at a deeper

depth, it will be more efficieut if an ezhaust ventilation system

is used for clearing the blasting fumes from the shaft bottom.

Install a maltideck sinking stage with 1ts hoist. These are then

used 0 complcte the shaft sinking. Use of the multideck'stugu
allows concurrent performance of several tasks such as drilling
and mucking on the bottgm vhile forming,”pouring or stripping forms,
for'the shaft lining or while installing ehaft sets and guidés.
Comucncao inétallatién of the shaft sets .and guides.
Resunie shzft siniking and installation of the concrctg‘lining, shaft
sets and guides thr&ugh the vpper lined scction of the shaft.
Continﬁe installation of the shaft lining through all the
potential water bearing zones and into tﬁe Salado Formation ugtil
a competent formation is reached that can be used to effect‘a water
tight seal. . Bacod on praesently availahle iniormation there will be
several anhydrite beds near the top of the Salado Formation which

should be good candidatés for this purpcse. The bottom of the

. 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 knowm potential fluid zones are the
Magenta and Culebra Dolomites in the Rustlef Formation and, possibly
é zone at or near the éontact between the Rustler and Solado Forma~

tions. The suggested grouting procedures to be used, if required,




10.

11.

13.

are shown ¢n sheet A3 of Drawing No's. 94573 and 94574.

Continue sinking of the shaft at a 15.5-foot diameter to about 15
or 20 feet below thie anticipated floor elevation of the TRU Level
to minimize floor damage and also to allow examination of the
bedding to determine the final mining hcrizon. Further, this also
reduces the possibility of blasting damage when sinking is resumed.

Shaft sinking through the salt is rot expected to present ény
ground problems. However, there may be sections where siltstone-
and shales present loose ground conditions as sinking progresses.
Should this condition develop, roof bolts and cycione screen are
used for securing the shaft walls. If deemed advisatle at the time,
spray-mortar, i.e. gunite or shotecrete, is also appliéd to prevgﬁt
further air clacking of the shale members.

Excavation of the station can be started ﬁy using the work deck.
as a drilling platform with the broken muck going into the vaca;ed
shaft openingz. As this station is relatively small, both in cross-
section and length, it can be mined rather easily'off the shaft}f

Connection between the station and the remainder of‘the TRU-
Level is made from the level itself.

Upon completion of the TRU station, excavation of the cpncréte ~
station sill is completed, then formed, and the concrete poured.
Resume ;haft sinking operations to the XH Level at an excavation
diameler vl 16.5 feetl.

The RH Level sgtation is excavated fallnuing the same procedure
as that in Step 9 for the TRU Level Station.

Excavate, form and pour the RH station bearer.



14,

15.

16,:

C17.

Com?lete the shaft bottom._

Remove sheft sinking equibment, temporatry utilities and ventilation
equipment from the shaft. |

Install the shaft conveyances,

Remove‘all of the shaft Eontragtors shaft equipment from the job

site.



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

Adesign. 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 aﬁd 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 made

for a 2~ s creep time during acceleration and a 4-g creep time

during. retardation.

A test run by an empty cage will be made through the shaft
from the collar to the undergroundAstation and back each day be-
fore loading. This will be required after an extended lapse in
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 éage with-
out first notifying the hoistman. The cage is set‘bnﬁthe collar
landing chairs and the hoistmen and cage Eenders then réutinely
check the equipment before beginning operations. This, unlike
the cage test run, is reqﬁired at the start of each'operating
shift, regardless of whether the operation'ié on é continuous
or intermittent basis. Typical landing chairs as ¢onceptually
designed for thie TRU Shaft are shown on Shéet M3 of Drawing No.

945 _ .

Moving the cage 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



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 shift is summarized in Table II.2-2.

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
fluw uf 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 doofs, 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,
especially the loading and unlcocading 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..ooeeesocesseecsssscsssassssacnssas
Shaft Test RUN .. cveerveerooecsosonnsoencsoaccsonns
MOrning Break ve..ieeeeeessesesoasasessansasaionsnn
Lunch Break ..c...eeececcecscsansassssncsosccsssasssnsssne
Afternoon Break ....cccieeeeesaccencccesacasaasnncsns
Shift Wrap=UpP .« cectesssoesecscccosnscescasssasssnscnsanse
Load Cycles (14 Trips @ 27 min. 00 sec. ea.)..cseun

Total TIME ceveeecevcssassoncscassasss

CYCLE BREAKDOWNS

Shaft Test Run

Action Item Elapsed Time Action Item

15
12
15
30
15
15
378

480 min

Load Cycles

Min, S
Signal, Hoist 0 - 05 Open Cage Doors
Hoist Cage off Chairs 0 - 03 Load Cage (incl. secur-
Signal, Stop 0 - 02 ing load)
Release Chairs 0 - 05 ‘Close Cage Doors
Signal, Lower 0 - 05 Signal, Hoist :
Lower Cage to Station 4 - 36 Hoist Cage off Chairs
Signal, Stop 0 - 02 Signal, Stop
Inspect Cage 2 - 04 Release Chairs
Signal, Hoist 0 - 05 Signal, Lower
Hoist Cage to Collar 4 - 36 Lower Cage to Station
Signal, Stop 0 - 02 Open Cage Doors
Set Chairs 0 - 05 Unload Cage, 'Load Empty
Signal, Lower 0 - 05 Close Cage Doors
Lower Cage onto Chairs 0 - 05 Signal, 'Holst

Total E;apsed Time 12 min. Signal, Stop.

Set Chairs
Signal, Lower

Hoist Cage to Collar

Lower Cage onto Chairs

Total Elapsed Time

Elapsed Time

8 hrs

Min.

2

0

s

15



RH SHAFT HOTST TTMR-MOTION STUDY

An RH shaft hoisting cycle was developed for the conceptual

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
and reét breaks, with major maintenance on either the weekends
or the back shifts. A holsting speed of 500 £pm with an accelera-
tion of 2 f952 and a retardation of 2.5 fps® was used. In addi-=
tion, an allowance was made for a 2-g 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 beiore 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 naturc of the material heing handled. such a test
run would be very advisable.

At the start of a shift, the cage 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 shift irrespective
of whether the operation is on a continuous or intermittent basis.
Moving the cage off the clean cell landing chairs initiates the
test run cycle that ends when the cage is returned to the clean
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
summarized in Table II.2-1.

In our analysis the morning and afternoon breaks, the lunch
period and the time estimated to be necessary for a shift wrap-up



‘“TABLE II.2-1

SUMMARY OF ONE SHIFT'S OPERATION
FOR THE RH SHAFT HOIST

TIME ALLOTTED (MINUTES)

FUNCTION

Equipment Check........ ceerrs e Ceeeenas . 15
Shaft TeSt RUN cvressrosntarscoscssasesonsncneens 14
MOYNing Break .ceeeseeevecccsosssaocnsnossns .o 15
LUnch Break ..vececsceoccsossoscsocsesoscacsassscas 30
Afternoon Break.....,......................... 15
Shift Wrap—Up teseeesceseconccscsonancnnnnnsaes - 30
*L,0ad Cycles (25 trips @ 14 mln 00 sec. ea.).. 350

Total Time s covveeecan cesanna «vs 469 = 7.8 hrs

*25 trips of the cage 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
Action Item

Loa:l Cycles

Elapsed Time Action Item Elapsed Time

4

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 0o - 33 Lower Cage to
Check Cage 1 - 00 station 5 = 00
Check Turntable , Signal, Stop 0 - 02
Operation 1 - 00 Signal, Lower 0 - 05
Signal, Hoist 0 - 05 Lower Cage into
Hoist Cage 5 00 Transfer Cell 0 30
Hoist Cage into Clean Unload Cage in
Cell 33 Transfer Cell 0 26
Close Landing Chairs 15 Load Empty Cart
Signal, Lower 05 onto Cage 0 30
Tower Cage onto Chairs 07 Signal, Hoist 0 05
. . Hoist Cage 5 00
Total Elapsed Time 14 min. signal Stop 0 02
Signal, Hoist 0 05
Hoist Cage into
Clean Cell 0 26
Signal, Stop 0 02
Close Chairs 0 15
Signal, Lower 0 05
Lower Cage onto
Chairs 0 07
Unload Empty Cart O 30

Total Elapsed Time 14 min.



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 premainter

nance and repairs performed on the weekends. No additional time

was allowed for unforeseen delays.

There is very little conservatism in estimated times allowed
for tasks. Staggered breaks, lunch and rest periods for personnel
could provide additicnal time and thus an additional measure of
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 hoiéting cycles.



Mining System Analysis
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MINING SYSTEM ANALYSIS AND EQUIPMENT DESCRIPTION

Within a hydrostatic étress field, mine openipgs'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 conventionalidrilling
and blasting methods because the shock that results from blasting
tends to fragment and fracture fhe ground surrounding the opening.
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 reétangulafly shaped
opening mus£ be used. Of these three configurations, the ovaloidal
shaped opening is the most practical selection because it allows
a conventional roadway, which an elliptically shaéed opening Qill
not; and it will definitely be more stable than a rectangularly
shaped opening. '

"A variable-height, three-bladed twin rotor, boring type of
continuous miner was selected. For this analysis, 78 different
room configurations and sizes were ihvestigated. Taking into
consideration the possible storége configurations that were
practical for the TRU waste containers, these 78 opening config-
urations were reduééd tb 21 possibilities. Of these 21'péssi—
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 configﬁrations were then
compared on the basis of the areal extent requirea for the TRU-
level mining horizon, mined tonnage required to obtain the volumes
necessary to store the'containers, storagé room length, service
life of the openings, number of cutting passes ;equired to be made
per opening, and the efficiencies of utilization for the spaced

mined. From this comparison, a machine size was selected that



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 ﬁachine 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 13.5 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-
ceeds to cut a third pass. Upon advancing the final horizontal
pass to the same depth as the first, the minef moves back to the

right-hand side of the opening and repeats the advancing process.

‘In the TRU-levél storage rooms, it is neuvessary 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
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, conveyor assembly and main frame is supported
by the tractor frame through the front and rear trim cylinders



that provide for complete control of the cutting mechanism posi-
tion regardless of the seam orientation. The thrust of the tram-
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.



Mine Ventilation Calculations

11
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Rexnord
RECEIVED e

FERUY K B P
-if'\ll A

January 7, 1977

Fenix & Seissony Ince ) ‘
Post Office Box 15609 FENIR & SCISS0M, INC.

(R}
Tulsas Oklahoma 74115 Process Machinery
Division
ATTENTION: MR. GRORGE SCHAEFER PO. Box 383
Milwaukee, WI 53201
SURJECT: Hoist Estimates 414/744-2345
) TELEX 2-6601

Dear Sirs

The following information will confirm what was provided to you
via our phone canversation of 1/4/77:

HOIST DATA

e
A

DESCRIPTION PRODUCTION  SERVICE PRU SHAFT RH SHAFT ESCAPE
TYPE HOIST Do De S5eD. S.D. SeD. SeDe
DISTANCE (FT) - - W00 3000 2700 3000 3000
T : 300 N. A. NoAe N Ae Ne &e
SAFETY FACTOR b 5 5 4,5 5
acC (FT/58C™) 1 2 2 2 2
RETARD (FT/SECT) 2 2 2 2 2
CREEP (SEC) 6 8 8 8 g
REST (SEC) 22 b o 0 30 %0
SKIP CAGE LOAD (TON) 12,12 12.5 12.5 10 1
VELOCITY (FPS) 28.72 8.23 8.3 2.3 8.122
3K1F (CAGE) wir- (TON) 9.84 9, 37 15 7.5 0.7%
ROPE (INCH) 2.0 1.879 2.125 1.625° 0.7%
DRUM DIA (INCH) 160 150 170 1% 60
RMS HoP. ° 1859 188 308 727 v
PEAK H.Pe 020 287 765 961 132
. * MOTOR HoP. Q00 Loo Loo 700 Hyd. Drive
. # OF MO'TORS ? 1 1 1 1
1 LAYER WIDTH (INCH) 174 188 178 183 165
NORM CWT (TON) . NeA. 15.62 21.25% Nehe N.A.
MAXe LOAD (‘TON) NeA. 19.00 NeAe N.A. N.A.
MAY, CWT (TON) N.A. 18.37 N.A. N.? . Ne Ao
ESTIMATED COST $1,297,000 8568,000 8644,000  8567,000 $215, 000

We nhope that this ivformation will be of use to you in your work, and if any
questions should arise, please do not hesitate to call. The delivery that can

{CONTINUED)

N'dbe’g "l mOCh‘inﬁfy ‘ Cable Address: "Nordberg Milwoukee”

ot



Fendx & Setason
Poggre 2

L.‘ﬂy;r;r;
k P A

he mxnected for the double dram hoist is 13=20 monthswon all the other
Lindstse approximntely 12 monthze The estimated costs indicated above
inelude the heict mechanicals and the drive equipment.

Regnord is looking forward to working with you om this project and
nopes to eiiher be hrsviug from you or weeting with you in the near
Pt ure.

Respest fully

Willdan e Brown

enine Sales Applieation Englineer

Haxnord foc.

Process Machinery DRivision

Me An Mot at § L : o iy g

Mine Holst Department RECEIVED

ARSI ’
WERSEAA REALAI
- B ARETEEES
ced  Tom Arany SR

EBnelosures



Rexnord

GECEIVED N

February 28, 1977 S
IR AEIX O N
Fenix & Scisson Inc. ?fﬂwﬁtffaJJSUH,lNC. g Process Machinery
5805 East Fifteenth Street < Division
Tulsa, Oklahoma 74112 P.O. Box 383
Milwaukee, Wi 53201
ATTENTION: MR. GEORGE SCHAEFER .  TELEX 2-660i

My No 4147647
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. TUnder the
paragraph titled "Production Hoist", the 3000! hoisting distance

and the 3100!' hoisting distance, we calculated would result in the

same estimated hnist. The dzum of 160" shuwu by us 18 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 Hoist" please find the following
data:

HOIST DATA

DESCRIPTION SERVICE HOIST TRU
TYPE HOIST Dividéd S.D. S.D.
DISTANCE (FT) 3,000 2,300
SAFETY FACTOR 4.6 5

Acc (FT/SEC?) 2 2
RETARD (FT/SECZ) 2 2
CREEP (SEC) 8 8
REST (SEC) 60 300
CAGE LOAD (TON) 12.5 12.5
VELOCITY (FPS) 8.33 8.33
CAGE WGT (TON) 15 15
ROPE (INCH) 2 2
DRUM SIA (INCH) 160 160
TOTAL MOTOR H.P. 500 800
FACE WIDTH (INCH) 97 155
NORM CWT ETON) 21.25 N.A.
MAX LOAD (TON) 19 NoA.
MAX CWT (TON) 2L.5 N.A.
ESTIMATINC COST $63L,000 $718,000

(CONIINUED)

Nordberg 'I machinery Coble Address: “Nordberg-Milwaukee



Fenix & Scisson RECEIVED
Page Two

2/28/11 R 2 177
Under paragraph TRU Shaft and in regard to your question, %hg:h035£ﬁéX;IQpL;G.
in our letter of 1/7/77 is a single drum hoist with two ropes. If the second
rope is a problem, why not go with an "out of balance'" condition and eliminate
the second rope and counterweight. The hoist that would meet this requirement
is shown above and is much less 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 Unhalanced S.M. Unbalanced S.D.
DISTANCE (FT) ' 3000 3000

SAFETY FACTOR L5 5

Acc (Pr/sEC?) 2 2

RETARD (FT/SEC?) 2 2

CREEP (SEC) - 8 8

REST (SEC) 300 300

CAGE LOAD (TON) - , 12.5 1

VELOCITY EFPS) - 8.33 8.33

CAGE WGT (TON) 9.375 1.4

ROPE (INCH) 1.75 0.75

DRUM DIA. (INCH) 140 60

TOTAL MOTOR H.P. : 700 100

FACE WIDTH ‘ - 95 (2 layers) 56 (3 layers)
ESTIMATED COST $592,000 $2L5,000

The hydraulic escape hoist remains a¢ Shown in our 1/7/77 letter at an estimated
$215,000. '

All estimated costs are congidered as of April 1, 1977 including those provided in
our January T, 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 Division

Mine Hoist Department

cc: T. Armesy
B. Elsner

ey,
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Hhis 167 Cozﬁ"ah.s 509 55 ja/ Humrs ‘
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Yo Section B-B
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+his 86.222° contsins! 2,450 55g8/. drums : Cress 784
. ) . m
52 83 30/. 'oa/er;oacée(/ drums 10 day’s de/’yeym,-cf :ie /aeea?:‘

Lo o the 16" enfry orea
FS  Lxg X7 RPF boxes @ " boves / week (2% overpack)
/] 5'x5%8 bverfaz'/('eJ box

-]

’ 86.222." ' ,
oo /)o daa[s = 8.46222 of s%ora72 room . ret’uireé Per,aa1
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el ‘d . )

012345 10 15 z0
Lo o ) j  10/27/76
Scale, ft

Fork LiHL S}ora\qe Conﬁgur-m}'iom
~



"A&mlv,c' e >
from "Havlage Cycle
For TRU Weste”

Fave "2 fo/ Lot [u/ﬂ(’a’umw/

S+ora3é cycle {or TRU Weste . Mumber o-[- I4ooolb capaczl-u( fork h{f: realmred e A2

Thdaoaba

'/ée R7 224 carryzﬂj 2.4 %oma wit/ re/(//re /ée wrast | Kire /o m/oae/

Step /. clomp A if? -O-Matics ante 4 /mm.f e/ / /7‘ a// céu/ _ e/ap.:eo/ wme 3 sec.

Step 2. trom the . ¢ z//wm: Sfrom iée Stid 3 srr3nimrsrn a’z.s/am's of L
: . 00 £7. @ T4 fps f’b"mpé) N /4 sec.
step 3. o ,pps//hm 7‘0 wu-/&»z/) oromss a# J/araﬁe :n‘e- - | " " /Q see.
. step 4 lifS fosd Fo rrarimum height el omelomp Jmpos o o T et
Step S Jower 1nast . : T ' 3 sec
Step 6. - Frevel 100t bk fo skid . R ‘ . | 1% sec. |
step 7. /;a.sl‘z’:‘o»r Fo é/aﬂ;o A drems e e - . o o /0 sec. (Woke: the monvfoclorer of Fhe.

LifH-O-Yotic ststes thod EO drvms
con be vnlosded ovt of & clesed
VErn duw ovmes 5 8 Arrre snd
trommed 06 £+ w sbov? 30w,

;V¢h'¢/, éaﬁc/"'/,':»:‘24é/ré/ms” 244’”M/Jmms/~fnp = A'fé"'}rips' o |\ s /o’rln.://np = 40 Frips

fo/a/ flme ﬁor ¢wa: 55 sec ﬁ

7‘o be caw.rerm//m e /[6 sec. /4 e/mws .

; o Savirdy, = 9500t ..
ng-soc/+n,, +r.,m = 496 sec. =lbwmin. TEmihp= 5o

B éaﬂma/er (2. o7 #Ae. max:‘)mm'. Yime fo a»/oan" shid with one gk 5%

l/.a,,é:/q wehiole untbacls lraded st in. .77‘4#‘076 roomy wythen wf‘/ o/ )n/zvcemeaf ://c ﬁm/ /a»aée/r;,m‘y J.l—/e/ ' 3
//&u/a;e vehicke Frams en,-/;-/7 sbid w# o f /’M/)? S rin. ‘

//aa/o;e. vehitle Fravels between stor®9@ room . ond . THRY. shaft @ J’IO ,;o/n Xm '
/—Aa”/ﬁ?e vehirle pﬂ/aa,/,s &, 7:«, .,r{'// a7 -THY. JA%{/ ond //006‘ Socrkoof J’M 5 é'n/ﬂ...

! fwye ﬂfé//// éa.r 7’0( onlosdd skid
Havlaye vehicle drovels befween T shaft ond sterdse room @& 288 //om X rrriir: S : "

ﬂ'id/pyc WoB, el 7homn ek’ S ES ,uum R r7¢ o .:m’-u».:a 7(; ;-ﬁ-nwnw‘ te Smin | ] . v
2)(*7;’ m//).‘-— /.Zm”?. J ‘ ro .
2X = 45min. - x*’- 2.25min. 2.2577ir0 X BBOfpm = [, P80 47

7THrs /’,Jure /930/‘*.) meIns -//hz;'- w/ren the fav/epe ois fance ée/ween she THRY shafF snd #he
| entronce to the storoge room is Jess than /980 fF, e fork /1/7‘ wtl ol hswé Fhe sbid wntbaded 67
#he time the holrge vehicle rs rave/y Po vetons do the TRY shaft. Thé havlsge vehile. weld have fo
wart. However. iF wevld make ro. sense to.ado another fark J, SV Fo ontoad more pickly, becavse Ahe
shaft is the bottleneck. /f Fhe hoilrga vehiile .wasalts weiting on 1he Jork LFt i fhe oorége
roornt, if wovld be waiting on the cige ot the TRU shoft a/rl/y the 28prin. horst eqcle 4ime,

all buf Yhe 3% min. the bacloge pehicle spends foxling snd wrtondling iy s 7he storag@ room ;s effective
/ar,é V ke tme, 77 éerefore a5 Jog IS rhe fork  LfF can untesd & skiel s A9G minzefes, the c'yr/a.

/5 no# upset. One /4 ooa‘ca,ac,/y Fork LfF /s 5o’e;a¢v/e. A Jecam/ fork /maé wrl/ ée #ept on
the TRU Jere/ for bnck yp. ,
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elapsed time = 90 sec.
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. ' JHO
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will be kept on the TRU Jevel for bact up.
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