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PERMEARBILITY OF A NUCLEAR CHIMNEY
AND SURFACE ALLUVIUM, AREA 2, ERDA NTS

ABSTRACT

We have conducted permeabllity tests at a (ifth nuclear chimney site in alfuvium
wnag s ot the SRDA Nevada TestSite (NTS), Permeability results were obtained by
Stiing caleulated and measuced underground pressure responsc generated by atmos-
pheric pressure changes at the surface.  Calceulations were made using an analytic
selution tor Darcey flow ina semi-infinite slaly with stepwise, time-varying surface
pressare (superposition),  The caleulated values of presisure diffusivity for the chimney

R4

2
15 0,64 7 s and 1L m7/s for the undisturbed surfuce layer,
INTRODUCTION

This report gives the results of field permeability tests made at a fifth nuclear
chimney site in Arcea 2 at ihe KRDA Nevada TestSite (NTS), The purposes of this pro-
pran of fivld pe-oneability testing are to obtaia a permeability datz base for lest arcas
ut NTS and to develop efficient testing technigues for determining flow characteristics
of uncterground moedia,

W nized previously deseribied o ~-,px-1'im(ma]l"“J and t:alc:ul.:itic.u'ml.z’:i mothods,
Pressure measurements woere made at the surface and below ground by means of lubea
ur hoses, ) ta were trangsmitted Lo fiivermore and recorded using a camputer system
ad deased telephone laes,  Dota weye taken at intermitient intervals from July to
Onstober 1094, Permeabilits resulls wieee obtained by fitting caletlated and measured
undergpromd pressure responsce generaled by atmospherice pressurce clianges al the
surfice, Caleulutions were mude using an analytic solution for Darcy flow in & seme-

atfinite slabr geometey with »tepwise, time-varying surfoc. pressurcisuperposition),
DESCRIPEIOGN OF ST
The cwperiment was conducted 1 Area 2 of the Nevado Test Site, To avels! clas-

~rvention difficulties, we will call this location CH-0 and luabed the chioney DI ang

the suprface alluvium hole D10, The immediate region consists of aliovium to a

clegstby ot SO0 ey SIS N wndertaid by Gt o o depti o about 3T m E1H00 ), Pigues

~tew i schematic of the «spermmeatual set up,

The wncased pasasint deill hole eatees the chisnaey (DH=G) A an estimated vees

thoal o prhoo 260 m 853 1l gas swmphag lube, 7,9 cm (2-7080 10,) in duam, va-

placed tooaomeasured (slantd depth ot 280 m (9540 11, An«osternal cusing packer was
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Fig, 1. Schematic of arrangements underground for tests o auclear chimney, DH-4,
amt 10 surface glluvium, DH-10,
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sel at 233 m (763 1t), The annulus above the packer was filled to the surface with
cement,  [n drilling this hole, {luid circulation was maiatained to the surface at a
measurcd depth of 272 i (893 {t),

The surface alluvium test hole (DH-16) was drilled to 30 m (100 ft) with air and,
whuen necessary, foam addilives to lift gravel, The hole was about 229 m (750 ft) to
the cast-south-cast of Drl-9 at a location judged not to interscct fracturces that were
visible postshot and closer to the subsidence crater, H.owever, thue hole was relecated
once after an apparent fracture was vneountered during drilling., Two pressure-
tyansmitting wbes L3 cm (172 in)i. d. with screened ends were placed in the hole:
one ut a depth of 30 m {100 {t) and the other at 13 m {30 ft). The holc was back-filled
with 1,5-m gravel sections at the tube ends and with low-permeability LLL stemming
mi:\',4 in the baluance uf the hole,

An installation of throu hose-on-wire rope assembiles was made preshot for an
attempt Lo measure barometric pressures ac a function of depth in the chimney after
vollapse,  The hose was 1,49 «m (3/4 in,) i, d,, and had a 15.5-MFPa {2250-psi) working
pressute; the wire rope was 1,4 cm (9716 in,) o, d, Rupture discs of 8,0~ MPa {1000~
psi) burst rating werce installed in each hose at 38 m (125 ft) depths for gas containmeat
during the shot, Rupturce disus of 10,3-MPa (1500~-psi) burst rating wore installed wl
the lower end of cach hose to permit pressure testing for leaks Lefore postzhot pres-
sure measursments were hegun through the hoses, Connecting hoses on the surtace
were 1B en (3/8 in) i.d. and 91 m (500 ft) long, ILeaks were observed n all three
butween the upper and lower ruplure discs after the upper dises were ruptured postshot,
We believe the damage oecureed during sobsicde ace, thus sharply Himiting thelr useful-
ness TP pressure response measurements,

The surface connectivn for the lube in the postshot drill hole was a 2. 54-cm
(1-in.) hose, T6 m (250 11) lung, The same type hose, 36 m (153G 't} long, was uscd to
comect the two tubes in the surface alluvium test hote. The latter hosces were replaced
by G-mm (1/4 in.) copper tubing part way tnrough testing to test the vifect of reduced
gas volume in these surtace lines,  Surface lines to the tubes in the postshot hole and

the surfacce aliuvium test hole were insulated, Lines to the chimney hoses were not,
FQUIPMENT, SOFTWARE, AND PERFORMANCE

The mstrumentation and data acquisition systems have been described in previous
nvpurts,l"J For this experiment, a special manifolding and solenuid-operated valving
systent were used to allow svquential =ampling of the surtface pressure and each of the
v undergrownd hosces oot the chimiwy region, two in the neutrby ~urfuce alluvium
luyer), Mo sel the transducer sysicims 10 give an sutput of 0 to 10\ for the range of
o3t B0 FPR (640 o BT0 mm Hg), Accuracy and preejtion ure 67 Pa and b3 Pa
40, mo Hy and 10,1 mun Hy), respectively. In prior testing, pressure comparisons
woere mate wirth a precision mercury barvmeter in the iastroment shack,  Fron

this, we estimate instrumeat drift over a [4-day period to b 40 Pa (10,3 mm Hy),
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As in previous tests, thermistors were used to monitor the temperatures in the hosc,
the instrument shack, and the thermostatied pressure-transducer enclosure,

An ALPHA-16" computer at Livermore Lransmits valve-control and data- reguest
communds Lo the PDP-16 computer {(at the test localion), which digitizes and relurns
dala.'ﬁ‘[j The two are linked by Preatice dxzta couplers and a dedicated Bell System
telephone ine.  Data were recorded on punched paper tupe ang as teletypewriler print-
aut,

We experienced signal transmission problems during operatioa for extended
peeiads of time, Beveral times data were lost for one Lo two days, necessitaling a
restart of the gata recording and analysis process. Nevertheless, several 8-duy Lest
periuds and one 11-day test period were recorded successfully in Livernmwore,  Develop-
munt tests were made of an on-site tape recording system, but softwarce bugs delaved
succusAaiul operation until it was too late in the test schedule for use as a data sourve

for analysis,
DATA

Pressure data in this report and as recorded during measurement are 11 volts,
de, Yrom calibrations at atmospheric pressure, the range of 0 to 10 V represents
85,22 to 89,22 kPa (639,2 to 669.2 mm Hg). Output 1s linear. We did not convert values
from volts lo absolute pressure units, For purpeses of curve fitting, either unit is
appropriate,

Figurces 2 and 3 are graphs of the mezsured atmospheric and underground pressure
versus time for the main chimney hose und surface alluvium experiments, respoctively,
The chimney datas interval was taken between August 7 and August 18, 1974, and the
surfaee alluvium data between Octobuer 19 and October 23, 1974,

Pressure response measured in the threc intermediate-depth hoses in the chimney
wus apparently dominated by leaks near the surface, and further analysis was therolore

nout made,
CALCULATIONS AND MATHEMATICAL MODEL

The simplest mathematical model w descrine the pressure response at depth in
a homouge nvous medium is that for lincarized, vne-dimunsional, isothermal, compress-

. . e . T
ible gas flow in a uniform, porous nedium':
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T Reference taa company or product name does not imply approvid or recommoendi-
tion of the product by 'he University of California or the U, S, Energy Resecarch aad
Develupment Administration o the exclusion of others that may be suitable,
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whery

P = pressure

t = lime

x = distance

« = pressure diffusivity,

The pressure diffusivily is the analog of thermal diffusivily in the transient-heat-
conduction cquation, and is related to the permenbility and porosity of the porous or
fractured media by

K

&z ——
€u

:

whora
K = permeubility of the medium
« = porosity of the medium

= viscosity of the gas

T E

= mean pressure of the gas,

As described by Carslaw and Jacgur.8 a solution to the heut-conduction cquation
tor a semi-infinite slab with zero initial temperature and varying surface temperature
can be pencrated from the solution {or the case with constant surface lemperature,  The

method is known as supcrposilion.g The resulting expression for P(L, t) is

£-1

L3 1/2
= ) - |2 N el
Py Z(ln” PVXERYC N\ o= .
n=0

where

P, - pressurce at {th fime interval

L = depth in medivm

At time interval

FREFC  cwumplimentary crror fuaction.

A computer program, 3 ERFC, written to apply to the above solution, was uscd
with the chimney (DH-9) and surface-alluvium (DH-10} data to predict the downhole re-
sponse, The predicted and measured downhole pressure histories are plotted withthe
average values of the Jdata peints matched. Since the initial conditions used in the calculations
do net mateh the true condition, the first 100 br of chimney data and first 18 hr of
surface alluvium data are ignered in the averaging pre-esy, The averaging takes care
ol any systentatie bigs n the measurement sach as temperature or density difference
boetw cen hose and carth, or any offgset due to initial conditions or stepwisce approsxima-
tiaa of the time-varying surloce pressure, 10 maost cases, the differenc between the

averiging process and raw data s less than 27 Pa (0,2 mm Hgl.

g
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CALCULLATED RESULTS

The results are shown in Figs, 4 and 5, The best or optimum value of (1.2,"4031)
is determined by using the criterion of minimum sumn of squared deviations for all data
points for t - 100 hr for the chimney data and t > 48 hr for the surfince data,

Using the optimum value of 7.3 for L2/40At and L of 260 m and a At between data
samples ol 1 hr, @ for the chimney is calculated to be 0,64 m2/s. Using an aversge
pressure of 85 kPa (646 mm Hg) and anair viscosity of 0.018 mPa - s (0.018)} centipoise),
K /€ is calculated to be about 136 umz (darcies}. This agrees with other chimney
experiments, For the surface alluvium, the calculated value of o is 1.0 mz,’s ard K¢
is about 214 umz. The surface values are higher by a factor of about 5 to 10 compared
to previous experiments., We do not have any firm explanation for the high surface
values, but both the 15 m and 30 m surfaee alluvium hose measurcments sgrecd, in-
dicating internal consistency,

Table 1 shows the complete set of field permeability measurements including some

early compressed air injection experiments.

Table 1, [ndicaled in sityu values of pressure dutfusivity and permeability from ticld
cxperiments in Yucca Flat,
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