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COMPUTER-SIMULATED CLIMATIC CONDITIONS

SCENARIO 1: - COMPRESSED AIR VENTILATION -- 12,000 CFM (5,66m3/S)

- AIR COOLED TO 500 F (100 C)
- TWO HEADINGS (MD, HD) -150 FT (50 M) FROM ES-I

- 6,000 CFM AT EACH FACE

- PNEUMATIC EQUIPMENT

- 12 PERSONS UNDERGROUND
- FREE FLOWING WATER IN OPEN CHANNEL TO ES-I SUMP

.. . .-
.I .., � 7

CONDITIONS AT FACE AT SHAFT STATION

- DRY BULB AIR TEMPERATURE OF (0C) 68.0 (20.0)

- WET BULB AIR TEMPERATURE OF (0C) 54.5 (12.50)

84.7 (29.27)

63.9 (17.71)

- W.B.G.T. OF ( 0C) 58.6 (14.75) 71.4 (21.80)

(a MAX. ALLOWABLE WBGT = 800 F (26.7 OC)
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SCENAPIO I

Compressed Air Ventilation
Week 10 of Development
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COMPUTER SIMULATED CLIMATIC CONDITIONS

SCENARIO 2: - COMPRESSED AIR VENTILATION 12,000 CFM (5.66 m3/S)
- AIR COOLED TO 50° F (100 C)
- ONE HEADING -- BEFORE BREAK-IN --- 625 FT (189 M) FROM ES-I

- PNEUMATIC EQUIPMENT

- 12 PERSONS UNDERGROUND

- NO FISSURE WATER

CONDITIONS AT FACE AT SHAFT STATION

- DRY BULB AIR TEMPERATURE OF (0C) 78.8 (26.0)

- WET BULB AIR TEMPERATURE OF (0C) 59.0 (15.0)

90.3 (32.41)

64.8 (18.21)

- W. B.G. T. 64.9 (18.3) 73.1 (22.86)

(e MAX. ALLOWABLE WBGT = 800 F (26.7 0C))



V.

SCENA-PIO 2

Compressed Air Ventilation
Week 24 of Development
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COMPUTER SIMULATED CLIMATIC CONDITIONS

SCENARIO 3: - COMPRESSED AIR VENTILATION -- 12,000 CFM (5.66M3/S)

- AIR COOLED TO 50 OF (100 C)

- ONE HEADING -- BEFORE BREAK-IN -- 625 FT (189 M) FROM ES-I

- PNEUMATIC EQUIPMENT

- 12 PERSONS UNDERGROUND

- 30 GPM (1.89 L/S) FISSURE WATER AT FACE
- FREE FLOWING WATER IN OPEN CHANNEL TO SUMP

CONDITIONS AT FACE AT SHAFT STATION (ES-I)

- DRY BULB AIR TEMPERATURE OF (0C) 78.8 (26.0)

- WET BULB AIR TEMPERATURE OF (0C) 59.0 (15.0)

- W.B.G.T. AIR TEMPERATURE OF (0C) 64.9 (18.3)

97.7 (36.49)

69.8 (21.02)

78.7 (25.92)

(* MAX. ALLOWABLE WB.G.T, c 800 F (26.70 C)
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SCENARIO 3

Compressed Air Ventilation
Week 24 of Development
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COMPUTER SIMULATED CLIMATIC CONDITIONS

SCENARIO 4: = MAXIMUM WATER INFLOW HANDLEABLE WITH THE DESIGNED
VENTILATIONW)

- COMPRESSED AIR VENTILATION -- 12,000 CFM (5.66 m3/S)

- AIR COOLED TO 500 F (100 C).
- ONE HEADING -- BEFORE BREAK-IN -- 625 FT (189 M) FROM ES-I

- PNEUMATIC EQUIPMENT

- 12 PERSONS UNDERGROUND

- FREE FLOWING WATER IN OPEN CHANNEL TO SUMP

CONDITIONS AT FACE AT SHAFT STATION (ES-I)

- DRY BULB AIR TEMPERATURE OF (0C) 78.8 (26.0)

- WET BULB AIR TEMPERATURE OF (0C) 59.0 (15.0)

- W.B.GT. AIR TEMPERATURE OF (0C) 64.9 (18.3)

100.8 (38.23)

70.9 (21.64)

80.3 (26.84)

*SIMULATION IS BASED ON 75 GPM (4.73 US)
FISSURE WATER FREE FLOWING THROUGH A 10-IN.
(0.25 M) OPEN CHANNEL TO THE MAIN SUMP
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COMPUTER SIMULATED CLIMATIC CONDITIONS

S CENARI1 5: DEVELOP 3,280 FT (1,000 M) DRIFT FROM ESF FOR REPOSITORY
CONSTRUCTION

- FLOW THROUGH VENTILATION 50,000 CFM (23.6 M3/S)

- AIR COOLED TO 400 F (4.50 C)
- ONE HEADING 13 x 9 FT (4.0 x 2.7 M) - 10 FT (3 M) PER DAY

- ELECTRIC EQUIPMENT - 150 KW AT FACE

- 20,000 CFr. (9.4 M3/S) AIR DUCTED TO THE FACE

- FISSURE WATER 7.5 x 10-5 GPM/M2 (STUDY 9)

CONDITIONS AT FACE AT SHAFT STATION
.

- DRY BULB TEMPERATURE OF (OC)

- WET BULB TEMPERATURE OF ( 0C)
- W.B.G.T. TEMPERATURE OF ( 0C)

84.2 (29.0)

62.1 (16.70)

-68.7 (20.39)

92.9 (39.41)

70.7 (21.50)
80.9 (27.17)

NMiIS: 1. W.B.G.T. ALONG THE RETURN AIRWAY REACHES MAX. 83.50 F
(28.630C) (NOT A PERMANENT WORK PLACE)

2. A BLEED OF FRESH COOL AIR CAN BE ALLOWED AT SHAFT STATION,
TO BRING THE W.B.G.T. BELOW 80° F (26.70 C)
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COMPUTER SIMULATED CLIMATIC CONDITIONS

SCENARIO 6: TWO-PHASE REPOSITORY DEVELOPMENT FROM ESF

- FLOW THROUGH VENTILATION 50,000 CFM (23.6 m3/S)
- AIR COOLED TO 50° F ("C) (10 OC)

- TWO HEADINGS: 2,320 AND 3,180 FT (707 AND 970 M) FROM ES-I

- ELECTRIC EQUIPMENT -- 100 KW AT FACE

- FRESH AIR DUCTED TO THE FACE

- FISSURE WATER OF 30 GPM (1.89 US) AT FACE
- OPEN CHANNEL TO CLOSED SUMP

CONDITIONS AT FACE 1 *AT FACE 2 AT SHAFT STATION

- DRY BULB

- WET BULB

- W.B.G.T.

TEMPERATURE OF (0C)

TEMPERATURE OF ("C)

TEMPERATURE OF ("C)

69.8 (21.0)

59.9 (15.5)

62.9 (17.15)

65.3 (18.5)

61.9 (16.6)

62.9 (17.2)

86.8 (30.44)

70.8 (21.54)

75.8 (24.32)

NOTES: 1. 5,000 CFM USED FOR MONITORING THE ESF

2. FACE 1 VENTILATES WITH 20,000 CFM (9.43 M3/S) FRESH AIR

3. RETURN AIR FROM FACE 1 MIXED WITH THE REMAINING 25,000 CFM
(11.8 M3/S ) FRESH AIR

4. FACE 2 VENTILATED WITH 20,000 CFM (9.43 M3/S)

5. AIR COOLED AT DUCT INTAKES

6. W.B.G.T. ALONG DRIFTS REACHES MAX. 80.6" F (26.98" C)
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CRITICAL INFLOWS FOR A RANGE OF MERIT FACTORS
AIRFLOW - 12. 000 cfm

60-

T 2- -_~,

45Ace F -0-
40-- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

5 -- -

30 - -~~~~~~~~~~~~---

2 15- '-^; : F 8:s t9 3 g30 ---

k ~~~~~~~~~~~~~~~~~~~F - 0.5 17 a -gpm
J15 F - 0.4 1e.5 gpm

F - 0.3 19.3 gpnm
F - 0.2 20.5 gpm

kto F -0.1 23.0 gpm

3 5 to . 15 20 25 30 35 40 45 . 50

GALLONS PER MINUTE

F - 0.5 F - 0.4 . F - 0.3 F - 0.2 F - 0.1
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CRITICAL INFLOWS FOR A RANGE OF MERIT FACTORS
AIRFLOW = 18. 000 cfm

35--~~~~~~~~~~~~~

A 354 CRITICAL - 31.0 kJ/kg

30-- ~ ~ ~ ~ ~ ~ ~ ~ ~ -- K

M2 5 -': -
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Jl 0

g5 7
0'i
0 50 15 20 25 30 35 40 45 50 55 60,

GALLONS PER MINUTE
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WATER INFLOW DESIGN FOR ES I:

o ES I FDC CRITERIA USD FOP4EFINITIVE DESI1N
2

- GROWRD WATER INFlLTRATICk, 30 - 100 GL/DAkY

- SUMP CAPACITY, PUMP COLUMN FAILURE

- SUMP DRAWDOWN' TIME, 10 MINUTES (1 PUMP)

o ES I DESIGN IS 2 - SUBERSIBLE TURBIKE PUMPS, OIL
FIELD TYPE, EACH CAPABLE OF 200 GPM. ONE PUMP IS
SPARE.
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WATER INFLOW BESIGN FOR iES-II

o ES-II CRITERIiA USED FOR CONCEPTUAL DESIGN

- GROUNDWATER 111FIlLTRATIOlN, 7.5 x 10-5 GPM/M? OR

ABOUT 0.94 GP (STUDY 9)

- BECAUSE THIS NUMBER IS TOO SMALL TO BE MEANINGFUL FOR

SUMP DESIGN, A FIGURE OF 30 GPM WAS ASSUMED FOR THE
SAKE OF CONSERVATISM.

o ES-II DESIGN IS 2 -- CENTRIFUGAL PUMPS EACH CAPABLE OF

200 6PM. ONE PUMP IS SPARE.
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CONTROL OF HEAVY (3400 GPM) WATER NFLOW

o ALL UNDERGROUND ADVANCE TO BE PRECEDED BY PROBE
ROLE DRILLING THROUGH PACKERS

o EVACUATE UNDER"ONU PERSOTNEL BEFORE BLASTING;

o AS PART OF ES-Il DEFINITIVE DESIGN PERSONNEL EGRESS
AND POSITIVE WATER CONTROL MEASURES WILL BE EVALUATED
MD INCORPORATED INTO THE DESIGN AS NEEDED TO [ISURE
WORKER SAFETYS
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ABNORMAL WATER INFLOW

o THREE SCENARIOS EVALUATED FOR FLOODING BASED ON AN INFLOW OF

3,400 GPM AND DEPTH OF WATER IN DRIFT EQUALING 3.0.

- AT END OF ES-I STATION, ABOUT NINE MINUTES TO ESCAPE

- ABOUT MIDWAY BETWEEN SHAFTS, ABOUT 40 MINUTES AVAILABLE

TO ESCAPE.

- AT POINT OF BREAK-IN TO SECOND SHAFT, ESCAPE TIME IS ABOUT

100 MINUTES.

o THREE SCENARIOS EVALUATED FOR FLOODING BASED ON AN INFLOW OF

3,400 GPM AND DEPTH OF WATER IN DRIFT EQUALING O'.

- AT END OF ES-I STATION, ABOUT THREE MINUTES TO ESCAPE.

- ABOUT MIDWAY BETWEEN SHAFTS, ABOUT THREE MINUTES TO ESCAPE.

- AT POINT OF BREAK-IN TO SECOND SHAFT, ESCAPE TIME IS ABOUT

19 MINUTES (SUMP IS CONSTRUCTED).
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GASSY MINE DESIGN:

o CRITERIA FOR METHANE CONCENTRATION IS 700 m6CH4/LH20

o IT IS ASSUMED THAT ALL METHANE IS INSTANTEOUSLY
LIBERATED

o WITH 12,000 CFM COMPRESSED AIR VENTILATION ABOUT 220 GPM
OF WATER CAN BE HANDLED BEFORE REACHING REGULATORY
THRESHOLD OF 0.25X METHANE FOR GASSY MINE CLASSIFICATION

o THREE SCENARIOS EVALUATED FOR GAS AT WATER INFL(W OF
40 6PM

AT END OF ES I STATION WITH 12,000 GPM VENTILATION
GAS INFLOW IS BELOW EXPLOSIVE LIKIT

ABOUT MIDWAY BETWEEN SHAFTS WITH TIWO HEADINGS ADVANCING
AND ALL WATER IN ME DRIFT EXPLOSIVE LIMIT REACHED IN
ABOUT 3.4 MINUTES

AT POINT OF BREAKIN TO SECONDI SHAFT MD ONLY ONE
HEADING WITH 12,000 CFM GAS INFLOW IS BELOW EXPLOSIVE
LIMIT.

o CQSEOENCES OF GASSY MINE DESIGN IF IMPOSED:

-)EYELOPENT TIME IS INCREASED

FLAMEPROOF PMTORS AND EXPLOSION PROOF LIGHTING TO BE
SPECIFIED FOR PUMPS ETC.

- IMPACT ON TESTING EQUIPMENT hAS NOT BEEN EVALUATED



GROUNDWATER INFLOW CALCULATIONS AND ME I HANE DATA BASE

GEOHYDROLOGIC MODEL

METHANE DATA BASE

STEADY-STATE INFLOWS (EXPECTED CONDITIONS)

TRANSIENT CONDITIONS (ACCIDENT SCENARIOS)

o BOREHOLE
o DRIFTS

* ;~~~~~~~~~~~~~~~~~~~~~



I .

I .

FIGURE 1

HYPOTHETICAL COMPOSITE CROSS SECTION
OF GEOLOGIC FEATURES POTENTIALLY

AFFECTING GROUNDWATER FLOW PATHS
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METHANE CONCENTRATIONS IN

GROUNDWATERS FROM RRL BOREHOLES

A_J

E2%Oz
0

~-.

z

w
z
0

C)w
z
z
w

1 ,400

1,200

1,000

800

600

400

200

UI If

I1
I

I
400 600 800 1000 1,200 1,400

DEPTH (m)
WP8510-12



* I

RRL AND VICINITY,
GRANDE RONDE, HYDRAULIC CONDUCTIVITY TESTS

LEGEND
FLOW TOP CODE

ROCKY COULEE I
COHASSETT 2

GRANDE RONDE 3
* UMTANUM 4
; OTHER C

FLOW INTERIOR CODE

ROCKY COULEE A
COHASSETT B

GRANDE RONDE C
UMTANUM 0

OTHER E

DRAFT FROM SD-BWI-DP-5 1 REV. UPDATE
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NON-RRL AND VICINITY,
GRANDE RONDE, HY'DRAULIC CONDUCTIVITY.TESTS;
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EXPECTED 1NORMAL CONDITIONS

STEADY-STATE INFLOW INTO THE EXPLORATORY SHAFT ASSUMING A
g FEET HIGH, 13 FEET WIDE DRIFT, 1000 FEET LONG

.023 GALLONS PER MINUTE

le,

.

I
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PARAMETERS REQUIRED TO CALCULATE INFLOW RATES
(STEADY-STATE)

o HYDRAULICCONDUCTIVITYjK

o HYDRAULIC GRADIENT (HEAD DIVIDED BY LENGTH OF
TRAVEL PATH), ffi

dl

o AREA THROUGH WI 110C FLOW OCCURS, A

I .

.

II

- .A t



Hydraulic Conductivities
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FIGURE 2
OFINITE SLA" REPOSITORY GEOMETRY
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rIGURE 3

*INFINITE SLAB" REPOSITORY GEOMETRY: BOUNDING INFLOW CALCULATION
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-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~…~~~~~~~~
I . 4 I

PARAMETERS REQUIRED TO CALCULATE INFLOW RATE
(TRANSIENT CUNDIIIONS)

'. � . , : � - . I -� w 17 ,

o HYDRAULIC CONDUCTIVITY, K

% -� 11 - ! ;. : :. �- � � , I :.,

o STORATIVITY

o SATURATED THICKNESS, m

o RADIUS OF BOREHOLE OR DRIFT, r

' o DRAWNDOWN, s

;
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Hydraulic Conductivities
GrAnd Rondo Flow Tops
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Table 3-7. Comparison of hydrologic properties from borehole DC-7 and -8 tests
In the McCoy Canyon flow top of the Grande Ronde Basalt.

Property Jackson (1982) 'Wilson (1983)

Transmiasivity, m2/9 (ft2/d)

Range 3.9 x 7 - 8.4x107 17 07 - 1.25 x 10r6
(0.39 - 0.84) (0.17 - 1.25)

Best estimate 7.8 x 20r7 Not given
(0.78)

Bydraulic conductivity, D/8 (ft/d)

Range 3.8 x 10-8 8.1 IL 0-8 3.8 x 10 8 - 2.2 x 10-7
(0.011 - 0.023) (0.011 - 0.034)

Best estimate 7.4 x 0-8 . 7.0 x 10-8
(0.021) (0.020)

Storativity.best estimate 4 x 205. 3 x 2cr5

. .
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~4



FIGURE 4

.EO TRY OF POTENTIAL ACCIDENT CEMIOS.
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FIGURE 5 :. ... . -
ASSUMED GEOIETRY FOR ACCIDENT SCENARIOS.
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FIGURE 6
ACCIDENT SCENARIO GEOMETRY AND ASWTIONS

"CONFIMED AQUIFER" CONITIONS ARE AsSUMED
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. . . . _~~ -~ ~ SZ . 9 .C.r9n..-.-.. - - -.

. ASIC
MODEL S ~h.,I- ho..goo m O iggo.r

1

K 0r m/sec
/ /7/ // //./ //f z / J//

.,

Flowtop K c 10-7 m/sec or lO - r/sec

S 10- d 10 I

I K rnlO 7 m/sec or 1OS m/sec
S a 10-5

I how�
r

. . . . . . . _- U , _ J . .

// ///////////

I ' .:_ -.1 ' ,. -- . 17:-:. . , , _,- .-. :: ,

Initial
- -7- - Potentioometric

Surface

/
/
/
/
/
/2

K mOm/sec.

NOT TO SCALE

r, a .038 m
rz a . 3 ip

Drift or
Borehole

/ //// /. / _ Impermeable Boundary

Assumptions:

Unsteady-state radial flow
Homogeneous, isotropic, nonleaky infinite artesian aquifer
Fully penerating wells
Constant drawdown conditions
Initial drawdown 'is zero throughout aquifer, i.e., ho c h
Water level in well drops instantaneously to ho 0 0
Full peneration exists at the time of initial discharge

APPENDIX B

* Figure 1 SCHEMATIC OF CONCEPTUAL MODEL
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a

DISCHARGE FROM A 3 INCH DIAMETER BOREHOLE
PENETRATING 33 FEET INTO A NOMINAL

(I 0-7 m/s HYDRAULIC CONDUCTIVITY) FLOW TOP

AFTER ONE MINUTE
AFTER ONE HOUR
AFTER ONE WEEK

20 GALLONS PER MINUTE
14 GALLONS PER MINUTrE
1 I GALLONS PER MINUTE

CONCEIVABLE SCENARIO

i



Inflow With
Probe Into Flow Top (K -

Time
1 0^-7 m/s)
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Inflow With T.Time
Probe Into Flow Top (K - 1 0^-5 m/s)
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a i, t
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I .V .,

INFLOW INTO A 20 FOOT DIAMETER DRIFT
PENETRATING 33 FEET INTO A NOMINAL -
(10-7 m/s HYDRAULIC CONDUCTIVITY)

FLOW TOP

AFTER ONE MINUTE
AFTER ONE HOUR
AFTER ONE WEEK

100 GALLONS PER MINUTE
40 GALLONS PER MINUTE
18 GALLONS PER MINUTE

UNLIKELY SCENARIO

0

;



I

INFLOW INTO A 20 FOOT DIAMETER DRIFT
PENETRATING 33 FEET INTO A HIGH

(10-5 m/s HYDRAULIC CONDUCTIVITY)
FLOW TOP

AFTER ONE MINUTE
AFTER ONE HOUR
AFTER ONE WEEK

3,400 GALLONS PER MINUTE
2,000 GALLONS PER MINUTE
1,300 GALLONS PER MINUTE

HIGHLY UNLIKELY SCENARIO
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Inflow With Time
Drift Penetrating Flow Top
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