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FOREWCORD

The Assessment of Effectiveness of Geologic Isolation Systems [AE51S)
Program is developing and 2pplying the methodology for assessing the far-field,
long-term post-closure safety of deep geologic nuclear waste repositaries.
AEGIS s being performed by Pacific Nerthwest Laboratory (PNL) under contract
with the Office of Nuclear Waste Isolation (CNWI) for the Departmert of Energy
(00E). One task within AEGIS s the development of methcdology for analysis
of the consequences (water pathway) from loss of repository containment as
defined by various release scenarios.

Analysis of the long-term, far-field consequences of release scenarios
requires the application of numerical codes which simulate the hydrologic
systems, model the transport of released radionuc)ides through the hydrologic
systems to the biosphere, and, where 2pplicable, 2ssess the radiological dose
%o humans,

Essentially three modeling technologies are involved in assessing the
water pathway release consequence. These models are: 1) hydrologic medels
that cefine the groundwater flow field and provide water flow paths and trave!
times, 2) transport models that describe the movement and concentritions of
the racfonuciices n the flow field, and 3) cose mode's that Zetermire the
resulitant raciation doses %o individuals and/or posulatiens. Figure 1 i3 8
schematic flow diagram for the release conseguence analysis.

The various input parameters reguired in the an2iysis are compiled ‘n
cata systems. The data are organized and prepares Sy various input subrou-
tines for use by the hydrologic and trinsport cocdes. The hydrolcgic mecels
simulate the grouncwater flow systems and provide water flow directions,
ates, and velocities as inputs to the transport mocels. Outouss frem the
transport mocels are basically graphs of radionuciide concentration 4n the
grouncwater plotted against time. After ¢ilution n the receiving surface.

water tocy (e.g., lake, river, Say), these data are the input source terms fur

the cose moce's, if dose assessments are requires. The scse medels caleoylat

raciation cose %o individua’s and sopulations.
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Hycrelogic and tramspert mocels are available at several levels ~¢ com-
Plexity or scphistication. Mocel selection and use are determined by the
quantity and quality of input cata. Mcde! cevelopment uncer AESIS and re'ated

programs provides three levels of hycrologic models, two levels of transpors
j mocels, and one level of dose mocels (with several separate models). The
; models and data systems are documented as follows:

; o HYDROLOGIC MODELS:

. PNL-3162 PATHS Groundwater Hydrologic Model . first leve! (simplest)
i fdealized hybrid analytical/numerical mode! for two-
dimensional, saturated groundwater flow and single component
transport; homogeneous geology.

: PNL-3160 VTT (Variable Thickness Transient) Groundwater Hydrologic

| Model - second level (intermediate complexity) twe-
dimensional saturated groundwater flow, Soussinesa 2pproxima-

? tion, finite difference approach; two-dimensional (gquasi

' three-dimensional) multiaquifer capability; heterogeneous
geciogy.

PNL-2829 FESDGW (Finite Element, Three.Dimensional Groundwater
! Hyerologic Moce! - third level (high complexity) three.
dimensicnal, finite element approach (3alerkin formulation)
1 for saturated grouncwater flow: heterogeneous geology.

o TRANSPCRT MCOELS:

! PNL-2870 GETOUT Transport Mocel - first level one-cimensional
analytical solution consicering radicactive chain decay with
‘ capapiiity for only simple release and hycralogic functions;
ingle speciation, constant #low rate, dispersion and
! scvption three-member straight delay chains.

PNL.317¢ MMT (Multicomponent Mass Transport) Mode! - secand level,
one-Cimensional numerdcal, discrete sarcel randem walk (0FRW)
dlgorithm; chain cecay, single speciation, 2quilisrium

i scroticn, time-variant leach rate and dispersion, n.memseres

. * straight or Sranched cecay chains,



o [DOSE MCDELS:

PNL-3180 ARRRG - crinking water, external exposure %0 aguatic food,
water and shorelines, and FOCD - terrestrial fooc.

PNL- 3208 PABLM - Combination of ARRRG and FOOD with additional
features related to chronic releases.

BNWL-B-264 KRONIC - chronic extérnal dose from air pathways.

SNWL-B-351 SUBDOSA - acute external cose from air pathways.

ENWL-B-38% DACRIN - chronic or acute innalation dose from air pathways.
o DATA SYSTEMS:

retrieval system for experimental data on sorption/desorstion
analyses for a wide variety of radionuclides, groundwater
compesitions, and rocks and minerals.

PNL-2161 CIRMIS (Comprehensive Information Retrieval and Mocel Inpus
Sequence) Data System - storage and retrieval system for
mode! input and output data, fnclucing grapnical
interpretation and display.

'his 1s the first of I volumes of the description of the VTT hycrologic
mocel. '

Return of the form on the last page of this report is required in corcer

1

|

PNL-3138 SIRS (Sorption Information Retrieval System) - storage and ‘
|

o remain on the Distribution List for future revisions of the model.
\

|

|

|
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INTROOUCTION

Any modeling effort requires scme simplifying assumptions to bridge the
92p Detween reality and our current knowledge or understanding of the system
being modeled and practicability. In most medeling fields certain basic simp-
1ifying assumptions are rovtinely accepted, whereas others require Sustifica-
tion based on data gathered and observations made on the real-wor'd system
being modeled. In the set of equations we will write in this section, a large
amount of the modeling effort and associated assumptions have alreacdy been made
(cf., Bear et al. 1872). The set of assumptions and modeling effort discussed
in Chapter 4 of Sear's report takes us from the complex world of sorous media
particles and the associated tortuous flow paths for ground water to the regime
of representative elementary volumes and the fluid flow continuum. These
assumptions are generally accepted in the field of ground-water hydrology and
are complex enough that they will not be presented here. The equations we
write to describe an aquifer system will be for a fluid flow continuum in
porcus media. However, it is not sufficient for a mathematical mode! %2 be
ased on 2 sound set of equatfons which describe the pnysical system. The
mocel must 4lso De based on tachnically sound hydrologic informaticn and
reascnable simplifying assumptions regarding these hydrologic interpretations.
The advent of nigh-speed digital computers has paved the way for making
computer simulation of complex ground-water systams a practical reality.

The digital computer mode! is designed %o simulate the hydraulic-head
response 0 natural anc man-made acuifer stresses in a multi-layered two-
dimensional aquifer system. The real ground-water system is, of course, 2
three-dimensicnal system, including precipitation percalating from the surface
snrough unsaturated sofl into the uppermest 2quifer. In some cases along
rivers or streams or at the buse of lakes and ponds, the aguifers are
discharging into or being recharged from these surface-water Sodiss. These
congitions formylate one type of boundary conditisn for cur mathematical
mecel. The units we call separate 2quifers are really water saturatad lzvers

-
-

in the s01] and rock mastrix which make up the earth's crust. These uniss are
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MATHEMATICAL FORMULATION FOR THE VARIABLE

THICKNESS TRANSIENT (VTT) MODEL

Often an exact solutfon of the general, three-dimensional, saturated flow
equation and fres-surface boundiry condition is not required to obtain useful
results. VTT utilizes the Dupuit-Forchheimer or Soussinesg approximate
method, which assumes a simplified, two-dimensional horizontal view of the
ground-water system. This allows the free-surface boundary condition and the
flow equation to be combined into a single equation amenable to practical
numerical solution techniques. For simplicity we will refer to this method as
the $ouss‘nesq Flow Model.

Let x, y, z be the zocrdinates of a fluid particle, then dx/dt, dy/dt and
dz/dt are the components of “pore velocity," and the Darcian seepage
velocities are:

gx &
" e 3T (1)
dv
\ = P {2\
Yy * e G -
v, s n 53 (3)
b4 e ¢t i
where:

Ny ® effective porosity.

Now, if we Tet 2 = h(x, y, t) represent the coordinate of the free surface
and formally differentiate with respect to time, we have:

3 shd shd 2
;l.i..:l¢,..’l:l¢,.1 (4)
#L X QT V8% It sy

T menie
;U.s- .-

uting the Darcian velccities and rearranging we nave:
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2 V.’h) : 0

The Dupuit assumptions used in this mode! may ha simply stated as:
olx, ¥y 2, t) =o(x, y, T, t) where T = average heignt of the water particies
above reference datum. This is equivalent to stating that flow is essentially
horizontal, so that vertical flow components can be neglected and that the
sicpe of the water table surface is slight (<5°). If we assume an incompres-
sible fluid and full saturation, then our equation of continuity written in
terms of Darcian velocities becomes:

3 ]
oX 8y R . (6)

Since we wish to average in the z direction, we must integrate this equation
from the base of the aguifer to the free surface or:

IZ = h av .v
V, - V (h) .‘_x‘ o.“v {7)
“'z %0 = base of aguifer s LR

Jefining o as the head in units of length, ¢ = P/2g + 2, the value of » is
ezual to 2 at the free surface, since P = 0 at that point. Using this result
elong with the first Dupuit assumption and our earlier eguation (2 = h(x, y,
t), we have:

H‘{X, .Y; :: . C(X, to e ] :)
From this result Darcy's law can be rewriteen as:
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where:

K(x, y) = vertically averaged value of hydraulic conductivity at

location (x, y)

Substituting Equations 9 and 10 into 5 we have:

, 2 2
ne %t - X L(o:)+ @7;)3 g oo ke

New replacing vz (h) with the expression obtained from substituting the

results of Equations 9 and 10 into Equation 11.

2 2
ih rah 3h\“1 3 (Ksh
AL | S AR - s [ i
ittt (5% "8 |t i (3) *
Rearranging Squation 12 yields:
. i-t-l.-a- {(hzhj.i:?m").g
@3t X ERS & \ &

or in gradient vector notation

'
~

3

« 7+ (Rhgh) = 0

"
“r
«r

fouation 13 is termed the Boussinesg esuation.

0 this noint for simpld

of cevelooment we did not include source terms and have 2ssumes *hat the
aquifer Dase elevation is the zero reference elevatisn,

3or 74 %0 handle an acuifer with varying bottom slsvation &

& : @i 4 P 4 . ‘e :
= ‘nciuce scurce/sink or accretion terms, we must do the followd

o



dssume that the bottom slope s slignt, as we did for the fres-surface
slope;

replace h in fcuations 13 or 14, which was a result of integrating from 2
=0 to2z=hby h<h,, since our integration is now cone from z = h
t0 2 = h;

b

add the accretion term, N.

The resulting egquation is the Boussinesg equation for unsteacy flow:

J -% * 7« K (hehy) g hen (18)

R (x, y) = vertical average of the effective porosity of the

aquifer (dimensionless)

h (x, y) = elevation of the free surface from some reference
elevation (L)

hy (x, y) = elevation of the aguifer bottom.from the reference
elevation (L)

N (x, y) = accretion rate (LT7))

X (x, y) = vertically averagec value for hydraulic conductivity 2t

\ L iU
point (x, y) (LT°')




ASSUMPTIONS

The basic assumptions of the Boussinesg flow mode! for describing

saturated unconfined flow are:

Tow 1s by an incompressible fluid that saturates 2 rigid, porous soi!
matrix.

Comoressibility effects of the fluid and sci! matrix can be neglected
under conditions of unconfined or free-surface flow; however, they are
incorporated into the storage term for confined flow.

Hydraulic conductivity and effective porosity can be represented by the
vertical average values and are isotropic but inhomogeneous throughout
the region.

The free-surface slope and the aquifer bottom slope are both assumed o
be slight (<5 9.

vertical velocities are assumed to be small and therefore can e
neglected.

Coefficient distributions and dependent variables are assumed continuous
over the simylation region.

Tow in the capillary fringe is neglected.
Seecage surfaces cannot be handled and are therefore neglected.

The Boussinesq formulation as presented above allows one 2 2oproximate

the elevation of the free surface fn 2 single unconfined aguifer at every (x,

y)

2ithcugh these confined aguifers may be unconfined ‘n some places. Also there

Tocation. Many times in a real system, one wishes o simulate 2
mti-2guifer system, in wnich cne or more of the aguifers are confined,

may e transfer of water between the acuifers. This kind of 2 multi-aguifer

system can De hancled by a multi.aguifer set of 3oussiness equations with
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fal criven interaguifer tranfer or Teakage terms. For 2 mult!layered

the sguations would be:
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dege] %
where:
£ 8 35 As vas B
n = number of layers
¢ # L, . = interaquifer transfer coefficient between layer <

and J

n for unconfined system or storage coefficient for
thc confined system

transmissivity for a conf1ned _system fis K* times the
thickness of aquifer or K~ (h* = hs) for an

A unconfined or water table aguifer

N“ = the flux or stress term aoplied to laver ¢

w
.
L

-3
o
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As with any mathematical mode! there are specific data requirements, boundary
concitions, and initial conditions which must be specified. Zguation 15 as
Presentec is the trinsient eguation. When the left-hand sice of Zcuation 1§
s ruplaced by zero, the steady-state equetion resulss. As ment ioned

previdusly, the transient eguation allows one %o 1rves’fge te the effects of
seasonal fluctuations and rates of change, whereas the steady-state equation
allows cne to investigate the ultimate effect of any water use policy. Use
of the transient mode! reguires that the storage coefficient distribution Se
Known, whereas the steady-state mode! does not require this distridution.

(R3]



SPECIFIC DATA REQUIREMENTS FOR THE PHYSICAL PARAMETERS

The following are the specific data requirements:

Hydraulic conductivity (K=k/., where k = intrinsic permeadbility and - =
fluid viscosity); transmissivity (TsKb, where b = saturated thickness of
the agquifer material).

The Boussinesq flow model requires as an input the saturated hydraulic
conductivity or transmissivity distribution throughout the region being
modeled and for each aquifer being modeled. The values reguired by the
Boussinesq mode! must represent the vertical average of the K or T of the
caturated thickness of the aquifer.

Hydraulic conductivity or transmissivity reflects the ability of the rock
and goil matrix to allow water transmission. The K or T distribution is
usually determined via appropriately conducted pumping tests, where the
ve1l is fully penetrating and perforated throughout saturated aguifer
material, Data from these type of field measurements are expensive o
obtain, and therefore the K or T distribution is extrapolates from a
small rumber of these measurements., This initial distrfbut{on is further
modified curing the model calibration phase %o obtain better agreement
between mocel-predicted potentials and observed potentials. Hydraulic
conductivity can also be estimated from laboratsry studies of agui“er
materfal samples, lithologic data and fnverse mathematical moceling
methods.

Storage coefficient (or effective porosity ne nd vertical
compressidility of the soil matrix [a]).

The transient form of the 3cussinesy equation reguires the cistributicn
of the vertical averaged value of the storage coefficient for each
aquifer throughcut the region being modeled. This parameter controls the
rate at which the water and ¢isturbances in the fotentéal surface
propogate throughcut the groundwater system. In the case of an
unconfined system, the storage coefficient is cominated by the effective

perasity of the acuifars sofl matrix,

w



or

Y

’
aborator
«v o)

transient
sysiems.
lebad N
au

s
uata

i
2%
.

v2) hyd

Y

iocation where a
Y
Ag |

ion when adeq

i
L}
v
a
'
w
i
L |
1

el Lt e

S we
ex1st.
ermin
€nmem |
€
™)
\o

-

~Arn
o1
,1
)
-
<
ﬂn.
e .

ine
™

|

el e hdnsdal Tl

. -
. i
- 4
- .
.
-~
s <~
imensiona
AR T .
ALY
- >

e
0

observat’
eF
e"

canfinpA

~
B
-~
n
Bl
-

-

e ¥

)
|

-




the lateral boundaries of the aguifer or aquifer systems
contour maps of the base and top of the aguifer or aquifer systems.

Along each of the lateral boundaries, the conditions which describe the

physical situation which exists must be determined. These include:

e Lateral Flow Boundary

This results from not extending the model to the geologic
boundaries of the aguifer or aquifer systems. At these boundaries the
rate that water is flowing into or out of the aquifer of agquifer system
must be specified. '

No Flow Boundaries

These occur when the model has been extended tn the geologic
boundaries of the aquifer where the aquifer materials and impermeable
darriers meet. .

Held or Time Varving Potential Boundaries

These occur at large lakes and rivers, where the saturated agquifer
materials are in contact with large bodies of water whose water surface
elevations are essentially unaffected by aquifer potentials.




RECHARGE - DISCHARGE LOCATICNS AND RATES

Typically when modeling an aguifer system which extencs %o the major
recharge are2s of the 2ouifer, the following types of data are used to
estimate aquirter recharge:

e precipitation records ot
» surface slope

o temperature record

o surface soil types

o vegetation cover and land use
evapotranspiration data.

Man-made recharge or discharge must also be accounted for by
determining:

o use of water and infiltration mechanisms (e.g., septic tanks, irrigation
infiltrations, settling ponds).

Tong flow boundaries where the area being modeled does not extenc o
geclogic bouncaries, the flow across this boundary must be determined via sump

|
|
|

o Tlocation of pumping and recharge wells
|
> 1
test and geologic stucies conducted aleng this bouncary, !
|

Figure 1 i1lustrates graphically *he phenomena which must be consiceres
tn calculating the distribution of aguifer stress values throu
being moceled.

ghout the region
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r " 2
[ Lt - ctn e Pigninay s 9 wn + 4Py M (18)
S F o 44 Elg

where n denctes the outward pointing normal $o the curve I which bounds the
area Pige The line integral is taken im the anticlockwise direction. Using
Equation 18, Equation 17 reduces to:

b, 3h . B
¢L1J K(h « h") g;ds - JC J:J ("egf -N)dxdy = 0 (19)

In Figure 2 the ccrner points of the node area are at (1-1/2, j-1/2), -
(1+1/2, 3=1/72), (14172, §#1/2), and (1-1/2, 3+1/2). The area of reg 18
ixay. The integrals of Equation 19 are approximated as follows, with the
integral along ?13 divided into the integrals along the four sides of

rf::
14172, 3172 4 ey willy o
K(h = h9)Edx = (Keh), .y p = Lx (208)
1e1/2, §-1/2 : . =7
14172, 39172 el S ke
/ K(h « h2)=dy o (Kah) Sl iy (20w
';.7/2' de1/2 an 1172, 3 ax
=172, 34172 c h, -,
. : h 1. g1 44 ,
| - A Kam) & & i ot
19172, 341/2 oA ol o gt
1=172, 3=1/2 . hyy = h
r ' ¥ - .h 14 101 1
K(h = h¥)&=dy = (Kah) o o Ay (204)
“har, s s 1l o
A e i
- i4 " na'

where the superscript k denctes the iteraticn numper



and where the Y27 half way between node center in the j-1 direction is

, ; ki
(Keh)y gursg ® 130K gi0gy = Wyg) © Ky ge

-

X b
My ga1 = igide
A fully implicit representation of the time derivative has been used in
Equation (20e). Comdbining the above approximations results in the finite
difference 2pproximation to the Boussinesg equation for a square grid system,

A
Ax ® LAy:

’

g 3 [, A A A
-(K.h)1_1/2'5 h1.1.J i lfk“h)1.1/2,1‘(K“h)141/2.1*(K“h)1.,°T/2

2
(8x)°7 Lk k
'(th)‘.i*i/z‘“e1j’3?l'1 nig=(Keh) (1 /0 4 Mia

2
Ax kel .k
a1*n 1€ hiy Ny

A k
™ (K'h’f'joT/Z hf.J-l‘(KAh) 911 3

k
194172 ™

<
'

For node on boundaries along which the hydraulic potential is specified in
time and space (and therefore no calculation is needed):

iy, o WS

J J
The impermeable boundaries of he region must be approximated in the grid
system Dy shapes selected from Figure 2. This avoics right angles which
cause stagnation points and singularities in the mathematical solution of *he
grounce-water flow egquation.
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FIGURE 3. §caematfc'5howfqg Shapes and Rotation of Availaple
seuncary Condition Types

The boundary conditions are sut ints finite difference form 5y applyin

he technigue described adove to 2 noce drea at the beundary of the re
The boundary types are fl1lustrated in Figure 2. The asgsociasesd nedal area
Pi4 €20 De either inside or outside the octagon. The finite difference

‘W

etuations are derived %y setting the aporopriates portions of the integral on

o
Lo
(18 ]

-

O
3
A

“wy

T4y in Equation (18) to 28ro when the segment {s impermeable, and by
thoutting N, = N,

(N when the flux across the segnent is specifisg., In
finis

- v
¢ difference form, 24 different fuations correspond to each of sne

¢ifferent boundary peint subregions {1lustrated in Figure 3. Either 2

J
specified flux or no #1ow can De imocsed by each of the 24 ecLations, The

- . < ! 4 1 4 .
accretion term, whether infiltration or w sherawal, in finite di®ference #orm
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:EE: s a water bouncary, f.e., held potential bouncary noce h =
A(x,y,t) .

is an external noce cutsice of the aguifer,

|

is an internal or nendoundary node which lies within the aquifer,

these basic shapes with all their possible rotations are used to
represent the 24 kinds and shapes of impermeable boundary nodes.

TN
P

Solution Technigues

Three different solution techniques were selected to solve essentially
the same set of equations, thus, resulting in three separate versfoﬁs of, the
same model., Each of these is designed for use in specific problems. These
will be described in general to avoid lengthy mathematical discussicns.

The VTT versicn of the moce! scives the transient form of the system of
finite different equations by using the successive line overrelaxatian
technicue. For transient proplems the solution is staple and Sonvergent with
sufficient speed to make solution of large matrices zractical.

The VTTSS3 version of the mode! solves the steady-state system of finite
Sifference equations resulting from the integration of Zgquation (17) when the
transient term e %% s set to zero. This set of equations is solved Sy using
2 Newton iteration technigue (Kellogg 1884). This version s primarily used
for a system of dquifers in which one is uncenfined and, therefcre, the egua-
tions 2re ncnlinear, Converzence of this method 's quadratic im nature ang far
TOST ground water probiems the solution s reached in four to five iterations,

The VTTSSZ version of the model solves the same system of steacy-state
equations discussed in the prececing paragraph, excest tha: it uses a Colesky

cecompesition method (Kellogg 1984), This version if used wher 211 the

dquifers being simulated are confined, This method s many times faster then
the Newton version, 2ang since <rme system of eguations wil) =e Tinesr, no

iteration is required.
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EROFOSAL _SUMMARY

The investigation here proposed explores the effects of

surface pressure disturbances on the baseline potentiometric
surface as expressed by existing monitoring wells at the Hanford
EWIP site, Richland, Washington. The goal is to predict the
possible magnitude of a disturbance Caused by exploratory shaft
drilling, and subsequently determine if LHS test interpretations
are impacted. AFe 1s discussed, the aformentiored goal can be
realized through the stidy of the attenuation of barometric
pressure cdisturbances az they propagate through subsurface
hydrostratigraphic units.

A relatively simp.e experiment is outlined which if
conducted, will provide the essential information towards solving
this problem. The experimental methodology, data analysis, and
specific data requirements are all brought forth.

In the consideration of time constraints in conduc’ing the
investigation, computational tools for the data analysis already
exist and are nct the limiting factor. However, data
requirements include time intervals which run against current
deadlines, and thus expediency in initiating data acquisition is

highly recommended,




Introduction

The investigation here proposed is motivated by the desire
to understand and predict the effects of surface pressure
disturbances, in particular the dr;lling of ag exploratory shaft,
on the baseline potentiometric surface as expressed by existing
monitoring wells, at the Hanford BWIP site, Richland,

Washington. The concern is that the disturbance of the baseline
would interfere with the interpretation of LHS testing. Should
it prove possible to begin drilling the shaft without
significantly affecting the water levels in the monitoring wells,
then the drilling phase should not need to be delayed any
further. Thus, the goal of this !iudy is to compute the possible
magnitude of the expected drilling disturbance.

The scope of this proposal is to outline the recommended
procedure for the investigation. It is proposed that the
aformentioned goal can be realized through the study of the
attenuation of barometric pressure disturbances as they propagate

through subsurface hydrostratigraphic units. The proposed

investigative methodology, analysis and data requirements are

presented.
Methodol ogy

I¥ the drilling disturbance were uniformly distributed
over the entire area of interest we might simply use the known
tidal efficiency of the formation to compute the corresponding
well disturbance. However this is not the Case, since the
disturbance is not so widely distributed. Thus in order to

@stimate such magnitudes, certain altermative information must be




known.

|
This information includes 1) the magnitude of the surficial %
disturbance and the area over which its force is applied, 2) the i
increase in the total stress at an; given point of interest i
within a given formation of interest, and 3I) the percentage of
the stress increase which will be realized by the formation pore
pressure. Thus, with the knowledge of the response in pore fluid
pressure due to the surface disturbance, the gradient between a }
point within the well and formation are known and the corre-

sponding change in water l2vel can be predicted, and the

information necessary in the attempt to predict the impact orf

exploratory shaft drilling on LMS tesf interpretation is gained.

The information under (1) above can be estimated. The
information under (I) above can be computed from equations
existing in the soil mechanics literature (S;ott and Shrustra,
1968). However, the information under (3) above is dependent
upon the compressible properties of the fluid and ‘ormation
matrix of interest. Fortunately, we only need know the ratio of
the compressabilities, and an easily conducted experiment to
measure them is discussed below.

The increase in pore fluid pressure due to an increase in
total stress within the formation is given (Narisimhan et al.,

1984, Scott and Shoustra, 1948) by:
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Thus, for an observed ratio of S/?. to {VT the compressibility
ratio can be computed, and thus the pore pressure response to any
given change in total stress is computable.

Fortunately, to conduct the experiment needed to obtain this
information, nature provides a continually changing surface
pressure disturbance expressed in the barometric record, it
should be possible to take advantage of this natural phenofena
within the scope of the proposed investigation, and obtain all of
the afprmontioned informational needs with relative ease.

The barometric time series is easily monitcored at the
surface within the study area. Since it is a distributed
pressure source, the increase in total formational stress Qiven
some arbitrary change in barometric pressure is known. Then, by
simply monitoring a well shut in to monitor formation pressure,
the percentage of the total stress borne by pore water pressure

i1s observable.

A ik .
Subsequently, translating the two time series of 1) surface

barometric pressure and 2) formation pressure from the shut-in

well into a ratio of the amplitudes of the respective signals

is similar to the concept of computing & barometric efficiency,

although rnow formation pressure is being considered instead of

water level fluctuations. Recent work at the University n+f



Arizona has examined barometric efficiency computations, and
suggests that where amplitude ratios are to be examined criti-
cally, a frequency based approach will allow fecr the considera-
tion of phase lag phenomena which ﬁight affect the results.

Thus, such an approach is here recommended.

Note that through this analysis, information is gained only
regarding the formation in which the experiment is conducted, and
the results are not general across the verticum of formations.
Thus, the experiment must be conducted in the Friest Rapids if
this is indeed the formatior. upon which the DUE wishes to conduct
its drilling test predictions.

Eroposed Data Needs

To begin the investigation as proposed, the following data needs
are outlined:

1) The data should include I) atmospheric prossure,‘II) formaticn
pressure from a shut in well, and IIl) water level (or pressure)
fluctuations from a well open to the atmosphere that is rela-
tively close to the shut in well (the wells should be lcocated
together within the region in which the formation Can be consi-
dered relatively uniform).

2) Initially, the data should include a minimum of T0 days of
observations with ar hourly-spaced frequency from each of the
above three. Since this need may run into future deadlines, it
is suggested that the first !5 days of data be collected at
minute spaced intervals if possible for immediate analvesi1s.

Subsequent data can be collected hourly. To reach conclusions




that can be considered statistically significant, data should be

continually ccllected into the future until such time as it is
demonstrated that data acquisition is no longer of value in the
investigation. ‘
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Effpcts of River Stage Jariations on
Vieter Levels in Weil DC-1%

Alan 5. Cuddy
June 19, 1987

Introduction.

Drilling of the exploratory shafts in the Hanford and Fingoid
sediments may cause water level disturbances in wells monitorinag
the Grande Ronde basalts, thus complicating the analysis of the
LHS test data. Stage variations of the Columbia river are
gugaested as a possible analog to shaft dgrilling operations. The
disturbance of water levels in Lthe wells may result either from
downward leakage or surface loading 4rom drilling fluids. This

"RpOort examines the effects of river stage variations onr water
levels in well DC-1S.

Method.

Well DC-1% was chosen for this anmalysis for several reasons.

14 It is the only well in the Hanford reservation which lies
close to the Columbia river and monitors the Grande FRonde

(Figure 1), It is unlikely to be isolated from the river
by hydrologic barriers.

o It lies far away from recent drilling activities and i=

less likely than other wells to be affected by drilling
disturbances.

I It was drilled earlier thanm other wells which monitor

the Grande Ronde and 15 less likely than other wells to
show recovery effects from its construction.

4. The top of the Grande Ronde in DC-1% lies 2112 feet below
the surface (Cross, 1983). This is similar to the depth of
the Grande Ronde 4% the shaft site where it lies roughly
<4687 feet below the surface (as seen in RRL-2).

Figure 2 shows a hydrograph for DC-15.
on weekly readings with a steel tape.
well show a linear increa

tions which may be due to any combination of variations inm
Parometric pressure, river stage, nearby well grilling =~
testing, irrigation, and othgr unknown Cayses.

The hydrograph 13 based
The water levels in the

In order to evaluate the relationship between river stage ard
waler levels in DC~-1%5, the effects of the lirear trend and
Larometric fluctuations were subtracted from the water l el
leaving a residual water level which is a function of alil
remaining unaccounted factors including the effects of river
ztage variation. The residual was calculated with 2 proaram
(THEIS) developed by Ross Wolford and Rick Nevulis at the

%
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Department o+ Hydrology at_the University of Arizona. The
program estimates barometric efficiency and a regression line for
the data and subtracts a predicted water level from the observec
water level to give a residual water level. These residuals are
plotted in Figure 3

The river stage data were collected every two hours., Tris

stage data showed high variability and were smoothed before
correlating by averaging the data over a seven day period. Fig-
ure 4 shows a plot of the Fiver stage with time. The plot shows
& yearly cycle in the river stage with high stages corresponding
t2 the spring runcf+. These yearly cycles have large amplitude
and a low frequency and $or these reasons would be more strongly

Propagated through the basalt than the other fluctuations in the
river.

Correlations were calculated between the river and the water
level residuals with lags ranging from O to 2 weeks in {-weel
increments. The lagging cof the data during the correlation
calculations determines if the river effects are delaved while
traveling tc the well. The correlations wer: calculated with a
program written by Rick Nevulis at the Depar:ment of Hydrology &t
the University of Arizomna. A correlogram i shown in Figure S.
The plot shows that the highest correlation of roughly 0.4 pccurs
at a lag of 0. The correlation of 0.4 is not high but 1g
significantly different from zero at the =% level indicating that
the river does have an effect on the water levels in DC-15. The
highest correlation occurrs at zero lag and indicates that the

et+foct is propagated instantaneously and therefor 2 is a result of
loading rather than downward leakage.

Conclusions.

Two zenclusions can be drawn from this study.

1. The river stage flucua
effect on the water le
DC~-1%.

tions have a zmall but sigrificant
vels in the Grande Ronde bazalt inm

=+ The effect of the river is a result of surface loading
rather than leakage,

Additional work related to tha

includes:

1. Conduct similar analysps for wWells DDH-Z., DC-7 DB-1, DE-2,

and BH=17 which lie near ghe river and
and Grande Ronde basalts.

<. Conduct a regression anal
function of river
effect of a unit

Y818 on the well residual s
stage to determine tre megnitude of the
change 1m river stage on the water

&% a
o
level o,

oo Check the analysis by calculating barometric efficiencies
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Task 02

~—

Orilling effec.s ;;"DC-ZB 3

Analysis of effects of conventional mud rotary drilling on groundwater
levels in the suprabasalt and basalt sequence for 0C-19, DC-20,22,23
and RRL-2 at the particular well site and other well sites.

22C, 220; RRL-28, 2C, and DC-23W was tabulated using information
retrieved from the daily drilling reports for each well. The driliing
footage where fluid Toss occurred as well as the amount of the loss in
barrels, total of loss for each lost circulation zone in barrels and

gallons, and any comments dealing with the loss is given on each
sheet,

when drilling basalt with the aerated mud method, lost circulation was
reported as percentage estimates of total fluid returns instead of
total barrels lost.

Ori1ling effects of DC-23 on the piezometer monitoring network was
evaluated by F.A. Spane in the document SD-BWI-TI-313. “Preliminary
Evaluation of the Effects of Construction Activities at DC-23W on Base-
Line Monitoring at Selected Reference Repository Location Piezometer
Installations”. Orilling effects of DC-19,0C-20, DC-22 and the RRL-2
series on the piezometer menitoring network can be recovered from
nydrograph charts which are stored in Basalt Records Management Center.

Retrieval and analysis of this data 1is not possible because of my
previous work commitments.



BARRELS

TOTAL LOST

LOST __ BARRELS/GALS

COMMENTS

NO LOST CIRCULATION REPCRTED IN THE SUPRABASALT
SEDIMENT

START DRILLING BASALTS
99% CIRCULATION WHILE CORING.

MO ESTIMATES OF FLUD LOSS GIVEM N DALY
REPORTS

89% TO 9% CIRCULATION wHILE CORING

NO ESTIMATES OF FLUID LOSS GIVEN N DALY
REPORTS



LCST CRCULATION

BARRELS TOTAL LOST
ORALL HOLE |  rooTAGE LOST BARRELS/GALS COMMENTS
pC-19C | 229-240 160 NO LOST CIRCULATION REPORTED N THE SUPRABASAL’

240-302 35S i SEDIMENTS
302-302 103 PUMPED SIX PILLS OF LOST CIRCULATION

150 MATERIAL

194

152 ‘

163

420
302-318 180
318-472 190 2029/8%218

START DRILLING BASALT WITH AERATED

887-910 80 80/3360 METHOD
2022-2032 .
2168 DEPTH GIVEN WHERE LOST CIRCULATION GCCURRED .
2263-7366 NO ESTIMMATES OF FLUID LOSS GIVEN IN DALY
o=y REPORT
3223
3414
3701
38343341
3841-3349
882
3968




LOST CRCULATION | BARRELS | TOTAL LOST
DRLL HOLE |  rooTace LOST | BARRELS/GALS COMMENTS
DC-190 NO LOST CIRCULATION REPORTED IN THE SUPRABAS AL

SEDIMENTS

NO LOST CIRCULATION REPORTED IN THE BASALT DURY
AERATED DRILL ING




LOST CRCULATION | BARRELS | TOTAL LOST
DRIL HOLE | FoOTAGE LOST _ BARRELS/GALS COMMENTS
0C-20A

NO LOST CIRCULATION REPORTED WHILE DRILLING THE
SUPRABASALT SEDIMENTS

S64-584 TS% START CORING BASALTS

584-604 80% NO ESTIMATES OF FLUD LOSS GVEN IN DALY REPORTS

604-634 80%

634-659 80%

639634 =%

654-655 e

699-724 0%

T24-T744 TR

Laaatil TWISTED OFF AT 751 FT. PULL QUT OF HOLE. HOLE
BRIDGED AT 640FT, LOST ALL CRCULATION ATTEMPTING

640-7E5 TO DRILL BRIDGE. REGANED SO CIRCULATION DRILLING

OUT BRIDGE



}.cs‘r CRCULATION| BARRELS | TOTAL LOST
ORILLHOLE | FOOTAGE LOST ARRELS/CALS ; COMMENTS

oC-208 NO LOST CIRCULATION REPORTED WHILE DRLLING THE
SUPRABASALT SEDIMENTS

1973-1623 LOST CRCULATION ¥ITH NO TOT AL OF FLUD LCSS
REPORTED IN THE DALY REPORT




-
i | !
LOST CIRCULATION | LS | TOTAL LOST

FOOT ACE ‘ BARRELS/CALS COMMENTS

-320 | 300/12600 FLUID LOSS WITHIN THE SUPRABASALT SEDIMENTS
-327

START DRLLING BASALT AT S30 FT

LOST APPOXIMATELY 42 TO S0 BELS PER/HR FROM
%86 TOGOBFT

, LOST 7S BBLS AT 615 FT,
185/63510 LOST 80 BBLS AT 627 FT

START AR DRLLING AT 1311 FT,

LOST CRCULATION AT 2197 FT, AMUUNT OF LCSS
NOT GIVEM

LOST CRCULATION AT 3188 FT, AMOUNT
NOT GIVEN

LOST CIRCULATION, AMOUNT NOT GIVEN

LOST CRCULATION, AMOUNT NOT GIVEN




COMMENTS

LOST CRCULATION | BARRELS | TOTAL LOST
DRILL HOLE | rooTact _LOST _ BARRELS/CALS
0C-200 | 280-330

LOST CIRCULATION AT 330 FT, AMOUNT OF
LOSS NOT GIVEN

STARTED ORILLING BASALT AT S31 FT

|
!
!
NO REPORTED LOST CIRCULATION WHILE DRLL NG ‘
BASALT



}.os'r CRCULATION | BARRELS | TOTAL LOST
DRLLHOLE |  rooTAGE LOST BARRELS/GALS COMMENTS

—

DC-22A NO REPORTED LOST CIRCULATION IN THE SUPRABASALT
SEDIMENTS .

START DRILLING BASALT AT 662 FT

691-714 - 9598

714=-744 =g START CORING BASALT, AMOUNT OF LOST CIRCULATIO!
T44-754 ERE 4 GIVEN IN PERCENT AGE OF FLUID RETURNS. NO ESTIMATI
TS4-T82 B0%R OF FLUD LOSS GIVEN IN DALY REPORT

T82-823 83%

823848 80%

848-860 80%




LOST CRCULATION | BARRELS | TOTAL LOST
_DRILL HOLE | rooTAGE LOST _ BARRELS/GALS
bc-228
934965
%9-978
1086-1099 ss $5/2310
1718 230 CEMEN] 230/9660

COMMENTS

NC LOST CIRCUL ATION REPORTED IN THE SUPRABASALT
SEDIMENTS

START DRALING BASALT AT 652 FT
LOST CIRCULATION, SPENT 12 HOURS CIRCULAT NG MUD
DRILL AHEAD WITH NO RETURNS

LOST CIRCULATION AT 1092 FT

RUIV CAS NG AND LOST 230 8BLS OF CEMENT



|OST CRCULATION | BARRELS | TUTAL LOST
DRILL HOLE |  FOOTAGE LOST ARRELS/GALS COMMENTS
NO LOST CIRCUL ATION REPORTED N THE SUPR ABAS ALT
oC-22C SED MMENTS
START DRILLING BASALT AT 658 FT
676-69% =0 %0/2100
961-969 LOST CIRCULATION AT 968 FT, AMOUNT OF LOSS
NOT GIVEN
969-969 280 280/11760
SET CEMENT PLUG, DRILLED CEMENT AND LOST
280 BBLS
976-99 =% DRILLED AHEAD ¥ITH 255 RETURNS
.
START AERATED DRELING AT | 709
i 2653-2667 LOST CIRCULATION AT 2667, AMOUNT OF LOSS NOT
' GMVEN
281%-2827 LOST CIRCULATION, AMOUNT OF LOSS NOT GIVEN




LOST CIRCULATION | BARRELS | TOTAL LOST
ORILL HOLE | FODTAGE LOST _ BARRELS/GALS COrPENTS

oC-229
NO LOST CRCULATION REPORTED IN SUPRABASALT

SEDIMENTS
START DRLLING BASALT AT 658 FT

NO LOST CIRCULATION REPORTED WHILE DRILL ING
BASALT




O

o

}OST CROAATION | BARRELS TOTALLOST
DRILL HOLE |  FOOTAGE LOST BARRELS/GALS! COMMENTS
RRL-28 900~ 1049 178 178/7476 SEL AM AND ESQUATZEL INNER BED
1674-1766 £20 $20/21840 | ROZA FLOYW TOP
2303-2310 2 23/10%0 FRENCHM AN SPRINGS 3, AND 4
2840-28%3 15 18/630 ROCKY COWLEE FLOW TOP




LOST CRCULATION
FOOTAGE

COMMENTS

NO LOST CRCULATION REPURTED IN THE SUPRA~
BASALT SEDIMENTS

LOST CRCAATION AT 82T FT, POMONA MEMBER

SEL AH MEMBER

ROZ A FLOW TOP

LOST CIRCULATION AT 2037 FT, SENTINEL GAP FLOY
TOP




LOST CRCULATION | BARRELS | TOTAULOST

DRAL HOLE | roOTAGE LOST B ARRELS /GALS COMMENTS
0c-28v | 0-37 153 DALY REPURT NUT AVAR ABLE

3767 3=

67-160 229

160~300 82

it = 847/38574

381-381 62 62/2604

381437 17

437-592 129

592663 0

663-809 0

80%-937 17

9T7-1018 =

10181113 as

11131284 83

1285~1412 433 ~

1412+14%3 453 1388/58296

1453~ 1453 =96

1453~ 1453 = .

14531453 2351 1178/45476

640-79% 214

79%-1244 400

1244~ .48 81

12071258 212

1288~1369 2=s

13691455 %8

14551 446 239

1446-1301 27 1886/79212

1301=1301 =

1301-1301 1851

o1, 0 836/33112

123%-1%39 333

1539~ 1844 130

1844-2022 171

2022-21%4 18%

2194-2392 174 993/41706




Task 02

Orilling effects at DC-23

Analysis of effects of conventional mud rotary drilling on groundwatar
‘levels in the suprabasalt and basalt sequence for DC-19, DC-20,22,23
and RRL-2 at the particular well site and other well sites.

Fluid loss for DC-19A, 19C, 180; DC-20A, 208, 20C, 200; DC-22A, 228,
22C, 22D; RRL-2B, 2C, and DC-23W was tabulated using information
retrieved from the daily drilling reports for each well. The drilling
footage where fluid loss occurred as well as the amount of the loss in
barrels, total of loss for each lost circulation zone in barrels and
gallons, and any comments ‘ealing with the loss is given cn each
sheet.

when drilling basalt with the aerated mud method, lost circulation was
reperted as percentage astimates of total fluid returns instead of
total barrels lost. .

Drilling effects of DC-23 on the piezometer monitoring network was
evaluated by F.A. Spane in the document SD-BWI-TI-313, "Preliminary
Evaluation of the Effects of Construction Activities at 0C-23W on Base-
-ine Monitoring at Selected Reference Repository Location Piezometer
Installations®. Orilling effects of DC-19,0C-20, DC-22 and the RRL-2
series on the piezometer monitoring network can be recovered from
hydrograph charts which are storeg in Basalt Records Mar.agement Center.
Retrieval and analysis of this data s not possible because of my
previous work commitments.




LOST CIRCULATION
FONT AGE

BARRELS
L3ST

TOTAL LOST
ARRELS /G AL

COMMENTS

NO LOST CIRCULATION REPORTED IN THE SUPRABASALT
SEDIMENT

START DRILLING SASALTS
9S% CIRCULATION WHILE CORING.

MO ESTIMATES OF FLUD LOSS GIVEN INDALY
REPORTS

85 TO 9K CIRCULATION WHILE CORING

NO ESTIMATES OF FLUID LOSS GIVEN INDALY
REPORTS



LOST CRCULATION | BARRELS TOTAL LOST
ORLL HOLE FOOTAGE LOST BARRELS/CALSH
oC-19C 229-240 160
240-302 IS
302-302 103 ¥
150
154
182
163
420
302-318 180
318-472 190 2029/85218
887-910 80 80/3360
2022-2032
2168
2363-2366
9
3223
3434
3701
3g34-3841
3841-3849
882
3968

NO LOST CIRCULATION REPOR “ED IN THE SUPRABASAL
SEDIMENTS

PUMPED SIX PILLS OF LOST CRC., ATION
MATERIAL

START DRULING BASALT WITH AERATED
METHOD

DEPTH GIVEN WHERE LOST CIRCUL ATION OCCURRED.
NO ESTRMATES OF FLUD LOSS GIVEN IN DALY
REPORT



DR LL HOLE

LOST NRCULATION
FOOT AGE

BARRELS
ey -

pC-190

BARPRELS /G ALS

TOTAL LOST

COMMENTS

NO LOST CIRCULATION REPURTED IN THE SUPRABAS AL’
SEDMMENTS

NO LOST CIRCULATION REPORTED (N THE BASALT DURY
AERATED DRILLING




}osv CRCUATION | BARRELS | TOTAL LOST
JRILL HOLE | FOOTAGE LOST ARRELS /CALS COMMENTS
DC-20A
NO LOST CIRCULATION REPORTED WHILE DRILLING THE
SUPRABASALT SEDIMENTS
564-584 Te% START CORING BASALTS
£84-604 80% NO ESTIMATES OF FLUID LOSS GIVEN IN DALY REPORTS
604634 808
634-659 80%
£B9-E54 8=%
€34-679 2%
§99-724 0%
T24-744 ESE
744-T31 TWISTED OFF AT 7%1 FT. PULL OUT OF HOLE. HOLE
BRIDGED AT 640FT, LOST ALL CRCULATION ATTEMPT ING
640-TES TO DRLL BRIDGE. REGAINED SO% CIRCULATION DRILLING

QUT BRIDGE




JOST CRCULATION | BARRELS | TOTAL LOST
DRILL HOLE |  rODTAGE LOST ARRELS/GALS COMMENTS
0C-208 NO LOST CIRCULATION REPORTED WHILE DRILLING THE
SUPRABASALT SEDIMENTS
1973-1623 LOST CIRCULATION WITH NO TOT AL OF FLUID LOSS

REPORTED IN THE DALY REPORT




LOST CIRCULATION | BARRELS | TOTAL LOST
FOOT ACE LOST  BARRELS/GALS COMMENTS
253-320 300 300/12600 FLUID LOSS WITHIN THE SUPRABASALT SEDEMENTS
320-327 ?
START DRILLING BASALT AT S30 FT
567-608 LOST APPOXIMATELY 40 TO %0 BELS PER/HR FROM
€86 TO 608 FT.
608-719 ™ LOST TS BBLS AT 6ISFT,
80 155/6510 LOST 80 BBLS AT 627 FT
START AR DRLLING AT 1311 FT,
2143-22%' LOST CRCULATION AT 2197 FT, AMOUNT OF LOSS
NOT GIVEN
3137 3189 LOST CRCULATION AT 3158 FT, AMOUNT
NOT GIVEN
3419-3481 © LOST CIRCULATION, AMOUNT NOT GIVEN
3480-3926

LOST CRCULATION, AMOUNT NOT GIVEN



LOST CIRCULATION | BARRELS LTOTAL LoST
DRILL HOLE |  FOOTAGE LOST _ BARRELS/GALS COMMENTS

DC-200 280~330 LOST CIRCULATION AT 330 FT, AMOUNT OF
LOSS NOT GIVEN

STARVED DRILLING BASALT AT 531 FT

NO REPORTED LOST CIRCULATION WHILE DRALL ING
BASALT




LOST CRCULATION | BARRELS TOTAL LOST
DRILL HOLE FOOT AGE LOST BARRELS/GALS
OC-22A NO REPORTED LOST CIRCULATION IN THE SUPRABASALT |

SEDIMENTS
START DRILLING BASALT AT 662 FT

691-714 bk

71 4=T44 Ert 3 START CORING BASALT, AMOUNT OF LOST CIRCULATIC

T44-7%4 oug GIVEN IN PERCENT AGE OF FLUD RETURNS. NO ESTIMAT

7=4.-782 80% OF FLUD LOSS GIVEN IN DALY REPORT

82-823 ot

823-848 80%

848-860 80%

i
1
|
COMMENTS
|

1




ST CRCULATION | BARRELS | TCTAL LOST
FOOT AGE LOST ARRELS /GALS COMMENTS
NO LOST CIRCLL ATION REPORTED IN THE SUPRABASALT
SEDIMENTS
START DRRLLING BASALT AT 652 FT
$34-969 LOST CRCULATION, SPENT 12 HOURS CIRCULAT ING MUD
9%9-578 DRIL AHEAD W ITH NO RETURNS l
10%6-1099 o 8/2310 LOST CIRCULATION AT 1092 FT ¢ ‘
1718 230 CEMENT 230/9660 RUN CASING AND LOST 230 BBLS OF CEMENT



LOST CRCULATION | BARRELS | TOTAL LOST
DRILL HOLE |  FOOTAGE LOST _ BARRELS/GALS COMMENTS
NO LOST CIRCULATION REPORTED IN THE SLPRABASALT
oc-22¢ SED MENTS
START DRILLING BASALT AT 658 7T
676679 %0 $0/2100
961-969 LOST CIRCULATION AT 968 FT, AMOUNT OF LOSS
NOT GIVEN
g G- ce s 280 280/11760
SET CEMENT PLUG, DRILED CEMENT AND LOST
280 BBLS
$76-99 =% DRALED AHEAD WITH 2555 RETURNS
START AF™ "TED DRILLING AT 1709
2653-2667 LOST CRCULATION AT 2667, AMOUNT OF LOSS NOT
GVEN
2815-2827

LOST CRCULATION, AMOUNT COF LOSS NOT GIVEN




DRILL HOLE

LOST CIRCLUL ATION
FOOTAGE

BARRELS

TOTAL LOST
S/GALS

COMMENTS

oC-220

NO LOST CIRCULATION REPORTED IN SUPRABASALT
SEDIMENTS

START DRALLING BASALT AT 658 FT

NO LOST CIRCULATION REPORTED WHILE DRILLING
BASALT



|
LOST CRCULAT :CN RE.S TOTAL LOST |
FOOTAGE ‘ g /0 ! COMMENTS

200-1043 SELAM AND ESQUATTEL INNER BED

1674-1766 ROZ A

FRENCHM AN SPRINGS 3, AND 4

i
;
!

ROCKY COULEE FLOW TOP




LOST CRCULATION

BARRELS

TOTAL LOST

DRILL MOLE | FDOTAGE LOST ARRELS/CALS COMMENTS
RRL-2C NO LOST CIRCULATION REPORTID N THE SUPRA-
BASALT SEDIMENTS
809-917 60 LOST CIRCULATION AT 82% FT, POMONA MEMBER
91701070 20 SEL AH MEMBER
17281833 12 ROZA FLOW TOP
1945-2067 470 LOST CIRCULATION AT 2037 FT, SENTINEL GAP FLOY

ToP



OST CIRCLLATION | BARRELS | TOTALLOST
DR!.LH(I.E} FOOT ACE LOST BARRELS/GALS: COMMENTS
DC-23Y 0-27 153 DALY REPURT NUT AVAR ABLE
37-67 st
6§7-160 229
160~300 82
300-381 z 847 /25574
381-381 62 62/2604
381437 171
437-592 129
592-663 0
$63-809 0
80%-937 17
937-1018 s
1018-1113 ax
1113-1284 83
1283-1412 433
1412-1453 453 1388/%8296
14531453 ©96
14531453 331
" 1483~1453 231 1178/45476
640-79% 214
79%-1244 400
1ad4-1248 81
1207-12%8 212
12%8-1369 2==
13651455 =8
14551446 239
1 446~1301 27 1886/79212
1301-1301 689
1301-1301 191
13t-1301 ° 836/33112
1239-153% 333
15391844 130
18442022 171
2022-2194 Coe
2194-2392 174 993/41706




LAYER THICK T Ko y e
(m) (m=/sec) (m/sec) (m/sec)
e S e e o
2 17.9 m (A 1.0E=09  1,0E-08
z ST.6 m 1.0E-04 2.0E-06 2. DE=-06
4 25.8 m 1.0E=-09 1.0E~-08
b eTed M 7. 0E~0S 2. 0E-0b TJOE-C6
& - PR 1.0E=10 1. 0E~09
7 £8.9 m 2.0E-04 B.0E-0Q6 8. 0E-Q0s&
d 4.2 m 1.0E-10 1.0E=-09
9 oB.1 m 2.0E=-04 S.0E~-0& S.0E-06
10 S0.0 m 1.0E=10 1,0E~09
1 7.9 m 1.0E=0T  1.0E-04 _ 1,08-04
12 10.8 m 1.08~11 1.0€-10

P

REFERENCE CASE
MODEL LAYER FROFERTIES

1. 0E=-04
1.0E-04
1.0E-04
1.0E-04
1.0E-04
« JE=-O4
1.0E=04
1.0E~-04
1.0E=-04
1.0E-04
1.0E-04

1.0E~04

2+ 0E~0Y
6. VE~0&
2. VE~D6
4.QE-06
4.0E-0Q&
4, 0E~Us
4.0E-0b
2. DE=O6
2 VE=06
2. DE~Q6

1.0E-0S

F.0E~-Qe
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{

) CasE 3, LECREASED SFECIFIC STORAGE IN FLOW INTERIORS

MODEL LAYER FROPERTIES
CHANGES FROM REFERENCE CASE

LAYER THICK it 4 Km Ko S
(m) (m=/sec) (m/sec) (m/sec)
g R e S G T
2 179 m 1.0E~0%
- 53.6 m
- 25.8 m 1.0E~-0%
o . S R
=) 20.9 m 1.0BE=09
.
7 29,9 m
8 &4.2 m . 0E-~OT
9 8.1 m
10 S0.0 m 1.0E~OQOF%
B | 2.9 ™
12 10.8 m 1.0E-0%
' 4 o
N
1

LD L N YT AP S PN ST S A D AP o
e

6.0E=Q7

4, 0E-07

4.0E-07

2. DE-CQ7

2: VE=07

?. 0«07
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.
CASE &, INCREASED kK._AND DECREASED Se_ IN FLOW INTERIORS
MODEL LAYER PROFPERTIES
CHANGES FROM REFERENCE CASE

THICK T o K
(m=2/sec) (m/sec) (m/sec)

1.0E-0S

1.0E~07 1,0E-0F 4. 0E=-D7

1.0E-08 1, 0E-O8 2. 0E=Q7

1.0E=-08 1.0E=-0%
m

10.8 m 1. 0E=-0% 1.0E-0%
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LAYER

o

~

U]

10

11

.

Y

CASE A, DECREASED IN FLOW TOFS,
INCREASED k. _AND DECK EQQEQ Se IN FLOW INTERIORS
M =LA FROFERT
[a) Fé FEREN
THICE T Ke K s Se
{m) (m®/sec) (m(soc) (m/sec) (1/m)
5.3 m  1.0E-08  2.0E-06 S B e
17.9 3. OE=07 1.0E-0S 6. DE~G7
e b 1.0€-05 2. 0E~07

e%.8
g P 7 . QE=Q6
25. 9
29 9 2. 0E~0S
64.7
v

8.1 2. 0E=-0S%
0.0
T2 W 1.0E-04
10.8 m

T AR R YA S ) LI

ER UARRE Y 2T

5 DE=Q7

8.0E~07

S.0E-07

1.0E=-08

-

1.0E~-07

1.0E~08

1.0E-08

.

1.0E-08B

1.0E-09

1.0E=-08

: B (:)E“I.‘.:J

1.0E~0%

1.0E~-0OS

B (;)E—‘;’S

1. QE~Q7

Gy E=OT

«s OE~07

29 DE=-Q7

S,0E-07
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INCREASED k. AND DECREASED Se IN FLOW INTERIORS
MODEL LAYER FROFERTIES
CHANGES FROM_REFERENCE CASE

THICK
(m)

v
CASE N, INCREASED k.o _IN FLOW TOFS,

(m=/sec)

s
(m/sec)

28.9 m

64.2 m

8.1 m

S0.0m

79 m

10.8 m

2. DE~-0O4

1.0E=~07

2.0E-0S

1.0E~07

e DE=0QS

1.0E-08

8. 0E~-QT

1.0E~-08

S.0E~08

1.0E-08

1.0E-03

1. 0E-09

1. 0E-DE

1. 0E~0F

1.0E~CS

1+ OE=0

1.0E=05

6. 0E~0D7

4,0E=07

4,0E~-07

2. 0E~07

2. QE=07
D, OE~OT
IR
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