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Background ) s,

= In Nov. 2012 two caverns at Big Hill site (BH 103, BH 112) were
place under nitrogen after temporary flattening of pressurization
rates. BH 107 followed in Dec. 2013.

= Caverns were closely monitor for several months.
=  Steady, yet distinct, pressurization rates were found

BH112 Pressurization History, Oct 2012
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Cavern Configurations
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BH103 Under Nitrogen

i

* N, wellhead pressures were found to pressurize at the slower rate

than brine
» Relative pressurization rates were found to be ~ 0.7 for both wells
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Laboratories

MIT’s do not return same ~0.7 ratio
seen in long-term Nitrogen tests

m A-well

M B-well

Analysis of the relative pressurization rate during MITs for Big Hill site
1.80

shows rates ~ 0.9

Big Hill MIT’s in Aggregate
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BH107 Pressure Analysis ) .
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BH103 Pressure Analysis ).

BH103A BH103B
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Hydrostatic Column Model
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= Uses Gas law for nitrogen

= Liquid column with adjustments for pressure and temperature

Ideal Gas law
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BH101 history h) .

« BH101 was chosen as a control model experiment to validate the
hydrostatic model predictions

« Passed MIT Oct 2014

* Long term Nitrogen test Nov 2014- Jan 2015

1700 - : ; | 700
(] ! 1 I +  BH101A-0il
¥ ! ' Long Term N2 test ; - suwsoi 650
13— - BH101B-Bri —
1650 - : : Aﬁ___i__é_g_gﬁﬁgé—p.m—-‘ : : o1l rlne | =
'Fﬁg’ e g | | - — = MIT injection well B 600 &
w ¢ 3 : — §JI-| - MIT!nj‘e.ctl.on ENeII A )
Q. 1 i 1 — aasrmEE i MIT initialization - 550 =
et 1600 - - el . | =
Q o : 'L : ; - - = MIT finalization “
5 () e Wy ettt [ - - —LT N2 test initialization - 500 @
@ - ; 1 ! ’ - = = LT N2 test finalization o
o _____._-—"'__—_;jﬂf ! | I
Y 1550 Cr ; ' . L 450 ©
o (Y i 1 I g
2 ' MIT = : a0 =
I |
.q:" 1500 :. : 3 ? I { aé
T . ! ' 350
v [ : . _ .‘nnf,i‘ ......... qCJ
2 L 3 TP e M L e ‘ 300 =
— e B saaaas o
O 1450 - o j g ! |
' e 3 ) 1 - 250
[} i 1 | ot
1400 - L! : i - ! . : T -~ 200
$% B A B A5 AD
20 2 10 0 10 10 10 20
o2 po! Joi! ol ! 8! 9\1%\ ! el




Model prediction vs. DCS data ) .

« High resolution pressure logs were compared with model pressures as
a function of depth
* Model Prediction matched pressure values as well as NOI locations for
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Model analysis conclusions ) .

= Factors that affect pressurization rates:
= Well size (diameter)
= Chimney size
= Slick vs. hanging string Mass of N, in
= Location of interface (below or above CS) the well

= We can generalized that:

. Relative pressure rates ~ 1
NO!is below slick wells pressurizing slightly less
casing shoe than HS
NOI is above Relative pressure rates < 1
casing shoe (~0.7 is a good number for BH

caverns)
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BH112 HCM Pressure Predictions
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BH103 HCM Pressure Predictions =~ @
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BH103 HCM NOI predictions ) .

= Model predictions for NOI match interface logs measurements
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Conclusions ) i

The Hydrostatic Colum Model (HCM) has been developed to
study the pressure behavior of N, capped cavern/wells.

. . . P(A, N,) P(B, Brine)
= The relative rate of pressurization depends on | ey

= well configuration
. Under Nitrogen

= pressure and location of the NOI and

= varies from well to well.

Under Nitrogen

A-side
Nitrogen-0il s

= The relative pressurization of ~0.7 is the outcome of the  merface
monitoring configuration and NOT a leak

B-side
4~ Nitrogen-0il
Interface

=  For the case when the NOI in below the casing shoe the
relative pressurization rate was found to be around 0.9
which is consistent with the historical data (MITs).

Qil Brine
Interface

= Big Hill caverns 103, 107, and 112 exhibited no evidence of active leaks of
oil or nitrogen during the period December 2012 - June 2015
18




| eak Prediction Module ) i,

A version 2 of the model is under development and it will be able
to incorporate leak prediction capabilities

= | eak rates

= Leak locations
= Multiple leaks locations (shoe and/or collars)




