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EXECUTIVE SUMMARY

The Byron Station utiiies the Rock River as a source of cooling water makeup for the
Ultimate Heat Sink. The current Technica: Spec'fication - Plant Systems 3/4.7.5, Ultimate
Heat Sink, has a minimum water level of 670.6 feet Mean Sea Level (MSL) specified in the
limiting condition requirements, This report has been prepared to provide technical data in
support of changes to be made to the techrical specifications by se'smically qualifying the
deep wells and thereby allowing greater station operation flexi ility in operating the
Ultimate Heat Sink.

The qualification data consist of two categories: a literature review of wells, pumps, and
pipeline in< . .. [ons in areas of high seismicity and an analytical examination of the seismic
rock-well ..ieraction at the postulated levels of motions from the Byron Safe Shutdown
Earthquake (SSE) event,

Wells may be damaged during seismic events by massive permanen: ground movements, such
as those occurring acrcss faults and during ground rupture. Damage may also be caused by
significant or large magnitude transient motions rasulting from traveling surface waves with
accompanying well syst»m vibrat:on,

The first three sections of this report describe * : Byron wells and pumping data, geologic
conditions, and seismological environment, Subsequent sections provide descriptions of
fa-ilitv damage following eight worldwide destructive earthquakes, all of which have a larger
magnitude and shorter return interval than the Byron SSE. The reismic environment descrip-
tions are intended to demonstrate the performance of deep water supply ¢ * oil wells during
and following the various carthquake events. In addition, cata relating to municipal well
¢ nsiriction has been collected to show the long-term periormacce of municipal wells of
communities neighboring the Byron site which have experienced local earthauakes.
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Performance data from the earthquake literature was compared to the actual well construc-
tion at Byron and the postulated earthquake levels of the SSE. The performance data
consisted of yield and content of the water, action of the pumps and any tacteriolugical
contamination of the groundwater from the surface. The results indicate that wells have
reinained functional following earthquakes with larger magnitudes, higher accelerations, and
longer duratica motion created during multiple events. Tne literature also reported tha’
wells have remained functional through tepetitious large magnitude events in a 60-year
history, and through the eGuivalent of six earthquakes equal to the Byron site SSE in a six and
one-half hour duration.

The effects of earthquakes on ground water wells is shown to be dependent upon many
factor i that change with such variables as earthquake mechanism, wave propagation, geolo-
gic setting, soil and rock characteristics, and well construction, For this reason, the effects
of earthquakes on groundwater wells near the Byron site have also been reviewed. Well
rec.rds of the cities of Byron, Oregon, Rochelle, and Stilimaii Valley are reported in cojunc-
tion with the four earthquakes reported within 1C0 miles of the Byron site. The wells of
these cilles are still in service, and there ha: been no known permanent damage or
impairment of pumpage of municipal groundwater wells in the Byron area as the result of
earthquakes during the past 90 years.

A review was made of both the Water Well Standards: State of California Bulletin 74-81 and
the AWWA Stancard for Water Wells, ANSI/AWWA, A 100-84 for seismic design criteria.
Neither standard provides guidance; however, they are used successfully for the installation
of wells in areas of high seismicity. The Byron well exceeds the recommendations of these
standards.

A seismic analysis was performed of the entire weil system, The system consisis ot a
1500-ft-deep borehole through competent unsolutioned dolomites and sandstones with a
|6-inch-diameter steel casing cement grouted into a segment of total rock depth, An eignt-
inch-diameter discharge pipe hangs within the casing and supports the pump at its lower
end. A diagram of the well system is picvided in Exhibit ES-1. Tho analysis conservatively




ES-3
SL-4492

used the acceleration time history developed for the station and its response spectia
envelope for the site SSE. The analysis concluded that the stresses induced in each
component of the well system during the safe shutdown earthquake are well within the code
allowables,

In summary, both the review of literature which described the conditions of numerous water
wells during and after earthquakes, and the seismic analysis which determined the well
response and resulting 'sses from the site SSE indicate that Byron site wells will remain
functional after the ¢ basis earthquake.
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Section |
INTRODUCTION

Byron Station Units | and 2 utilize the Rock River as a source of makeup for the Ultimate
Heat Sink cooling towers. A minimum River Rock water level of 670.6 MSL is specified in
the limiting condition require  ents of Technical Specification - Plant Systems 3/4.7.5,
Ultimate Heat Sink. This report has been prepared to provide technical data in support of
changes 10 be made in the Technical Specifications by seismically qualifying the Byron deep
wells, These changes will allow greater station operation flexibility by reducing operation
restrictions that the Rock River low flow causes. The assessment is divided into two cate-
gories: a literature review of wells, pumps, and pipeline installations in areas of high seis-
micity and an analytical examination of the seismic rock-well interactior considering the in
situ dynamic rock characteristics, The qualification of the deep wells also includes the
ancillary equipment, electrical and structural components, and associated piping.

A review of the relevant literature indicates that the competency of the surrounding medium
plays an important role in the assessment of the dynamic response of the entire well-pipe
system, Parametric studies have been performed which accounted for the effects of dynamic
interaction (Reference 1) when the surrounding medium is competent, From these studies it
may be concluded that the effects of seismic interaction between buried pipelines and
surrounding soil medium are small and would not be directly ' esponsible for system failure.
Seismic damage to wells and underground pipeline systems is caused primarily by soft ground
movement and faulting, traveling seismic waves, liquefaction of loose sandy soil, or stiffness
differences of two horizontally aJjacent soil layers (Reference 2). Based on this, the
founding conditions of the Byron well system are reviewed to demonstrate their performance,
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The conclusions of the studies of earthquake hazard and seismic well-rock interaction demon-
strate that the wells at Byron will remain functional after the postulated SSE event. There-
fore, specific changes to the Technical Specification - Plant Systems 3/4.7.5, Ultimate Heat

Sink are recommended,
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WEL) 7 {757F1 "ATION
Seismic damage to underground w .. - Vhe ' » " vertical pumps is caused by permanent
ground movements, such as those « -~ iy & . aults, at margins oi Indslides, zones of

liquefaction, surface rifts, and groun  piures,  .mage is also caused by transient motions
resulting from travelling waves. Pipelin.. hecause of their lateral extent, can indicate the
extent of damage. This is particularly true in regions of large and variable permanent ground
movements which are manifest by the variation in pipeline mo ement and the relative dis-
placement and rotation at joints. Damage is evident by rupture of pipe adjccent 1o a rigid
wellhead joint, especially at a threaded root; and may be accompanied by lateral shear or
fracture, axial buckling, or collapse of the supply pipe between joints,

Where ground shaking is dominated by wave effects, leakage at spots made (hin by corrosion
and disruption of caulking material in joints are more frequently the cause of failure.

The next section of the report describes the conditions at the Byron site, which includes the
pump and well characteristics. After that, data are reviewed from various worldwide
destructive earthquakes, which in all cases have a larger magnitude and shorter relurn
interval than the Byron site SSE or Operating Basis Earthquake (OBE), Where damage to
wells or piping has been noted or where the wells have been found to be operable following
the worldwide earthquakes, a description is provided. Following each earthquake description,
a short comparison is made to the Byron site well conditions to illustrate the siperior condi-
tions of the existing deep wells, The most comprehensive knowledge of structure perform-
ance was obtained from the assessments of earthquake damage by noted authors who
provided descriptions of the damaged conditions but not necessarily the facilities which
remained operational. Therefore, operational or functionally stable wells can be inferred
from the damage reports,
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A review was made of both the Water Well Standards: State of California Bulletin 74-81 and
the AWWA Standard for Water Wells, ANSI/AWWA, A 100-84 for seismic design criteria.
Neither standard provides specific guidance; however, each standard of practice has been
used successfully in regions of the country where high levels of earthquake activity occur
frequently., The Byron well construction exceeds the requirements of the AWWA and Cali-
fornia standards.




Section 3
BYRON WELL SITE

WELL DESCRIPTION

The design basis for the Byron well site is based upon recognized American Water Works
Association (AWWA) standards, A 100-66, governing the installation of the water wells. The
two Byron Station deep wells (W-1 ard W-2) were completed in the Ironton and Galesville
Sandstones of the Cambrian-Ordovician Aquifer in 1974, The well as shown in Exhibit ES-1
was cased through the Galera-Platteville dolomites and open from the Ancell Croup through
the Ironton and Galesville Sandstones; the Ironton and Galesville Sandsione were the major
producing zones. The groundwater res.urces in northern lllinois have been described in detail
in numerous Illinois State Water Survey and State Geologic Survey reports. The geologic
stratigraphic column and aquifer descriptions are shown in Exhibit 3-1. As shown in Exhibit
3-1, the deep sandstone aquifer contains, in descending order, the Galena-Platteville
dolomite, Glenwood-St. Peter Sandstone, the Prairie du Chien series of Ordovician age; the
Eminence-Potose dolomite, Franconia Formation, and Ironton-Galesville Sandstone of
Cambrian age.

Cooling Tower Structure foundation grouting at Byron Station did not extend into the forma-
tions open to the site water wells; therefore, the specific capacities are unaffected by onsite
grouting. The actual well construction consists of a submersible pump suspended 443 ft
below the ground surface by an 8-inch-diameter supply pipe.

The specific capacities obtained in 1974 during well development pumping tests were 10.3
gpm/(t of drawdown at 620 gpm for 12 hours in well W-| (east well) and 9.6 gpm/ft of draw-
down at 1150 gpm for 24 hours in well W-2 (west well). The pumping rate for W-1 was rela-
tively constant for the initial 12 hours, then was varied between 433 and 930 gpm during the
last 12 hours of the test. The pumping rate for W-2 was relatively constant for the entire 24
hours.




A second aquifer pumping test was performed in November 1978 in order to demonstrate the
ability of the station deep water wells to provide the design basis quantity of water makeup
to the essential service water system during the 30-day period for safe shutdown, The
specified pumping capability of 800 gpm per well or 1600 gpm for two wells exceeds the
makeup needs for the worst 24-hour period following a Loss of Coolant Accident of 1545 gpm
as documented in the FSAR Paragraph $.2,5.3. The amount of makeup was conservatively
calculated based on evaporation caused by the most extreme 24-hour weather period and
conservatively includes 565 gpm blowdown for the 24-hour period. The aquifer pumping test
consisted of pumping water W-l1 at a continuous rate of 840 gpm while monitoring
groundwater levels in water W-2 (lronton-Galesville Sandstones), the grouting supply well
TW-2 (St. Peter Sandstone), and an observation well TW-4 installed in the Ironton-Galesville
Sandstone approximately 30C feet from water W-1 on the line connecting W-1, TW-2 and W-
2. The aquifer pumping test consisted of a 22-ho''r pumping period followed by a recovery
period of 1-1/2 hours.

The aquifer pumping test results demonstrated an adequate quantity of water; however, they
also indicated that the aquifer tranumissivity was 20,000 gpd/ft, the storage coefficient was
2.0 x 10°%, and the specific capacity was 8.5 gpm/ft. These results indicated that in order 1o
assure the necessary water supply during the station design life, the pump setting would have
tn be deepened because the specific capacity had decreased |5% since the well was first
installed, On the basis of subsequen:. caliper logging and well depth measurements, the
apparent decline in well productivity was attributed to movement of loose sand from the
St. Peter Sandstone, with partial blockage of the more productive aquifer strata in the lower
portion of the well.

Deep sandstone wells are commonly uncased through many of the deep aquifer formations
similar to those that have been penetrated at the Byron well site because most of the
bedruck encountered does not cave or swell., Mowever, in order 10 ensure constant yields

over time, hydrogeologists familiar to the area recommend casing off some of the lower
geologic units that cause problems, This has been reported by the lllinois State Water Survey
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(Reference 3), The lower shales and conglomerates of the Glenwood-St, Peter Sandstone and
some weak shales of the upper beds of the Eau Claire Formation often experience well-wall
deterioration and, therefore, require casing for long-term as;urance of water supply.

The caving which occurred may be partially attributed to the local strata thickness, cemens
tation, and lithologic character of medium-grain rock as well as the friable nature of the
segment of St. Peter Sandstone penetrated. The loss of this portion of the aquifer does not
have significant consequences because the caving units generally yield small amunts of
water; therefore, additional casing and well deepening were undertaken.

Well modifications performed in W-1 and W-2 after the 1978 pumping test consisted of
reaming and casing-off the caving St. Peter Sandstone, deepening the wells through the
Ironton-Calesville Sandstones and into the upper portion of the Mt, Simon Sandstone, in-
creasing the pumps' lift-capacity and lowering the pump settings by 100 feet. The modified
water wells are open from the Franconia Formation, through the Ironton and Calesville
Sandstones and into the Mt. Simon Sandstone, The Ironton and Galesville Sandstones and the
Mt. Simon Aquifer are the major producing zones.,

The specific capacities obtained during well development pumping tests in the mnadified wells
were 12.3 gpm/ft of drawdown at 1330 gpm for 12 hours in W-1 and 12.2 gpm/ft of drawdown
at 1210 gpm for 9 hours in W-2, Whereas the pumping rate for W-1 was relatively constant
for the entire |2-hour test, the pumping rate for W-2 was relatively constant for only the
initia! 9 hours, then was varied between 1200 and 1600 gpm during the last 3 hours of the
test, The available drawdown in the two wells is approximately 125 feet based on a static
water level of 250 feet and a pumping level of 375 feet.

A third aquifer verification pumping test was performed in July 1980 alfter tha well modifica-
tions were completed n order to demonstrate the ability of the modified station water wells
10 provide the requi.  makeup to the essential service water system, The test consisted of
pumping W-1 at 790 gpm for 26 hours. The test results indicated that the aquifer transmis-
sivity is 40,000 gpd/ft, the storage coefficient is 2.5 1074, and the specific capacity is 13.2
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gem/ft, Based upon these aquifer charactristics and the equilibrium conditions achieved, it
was concluded that the specified flow of 80) gpm/well could be sustained for 30 days.

SEISMIC WAVE TRANSMISSION CHARACTERISTICS OF THE SITE

The engineering properties of the soils and bedrock units at the site were evaluated using
field geophysical measurements and laboratory testing; the properties were determined by
laboratory testing.

Geophysical investigations were performed a. the plant site. The velocity of compressional
and shear wave propagation and other dynamic properties of the natural subsurface condi-
tions were evaluated from these investigations, and the data were used in analyzing the
response of the materials to earthquake lcading.

Dynamic moduli for the subsurface soil and rock at the site were calculated based on
measured properties. The in situ field measurements were compared with lakoratory tests on
the same materials.

Seismic wave velocities and densities for the deeper rock strata in the region have been
measured by others (Reference 4). The data confirmed field measurements, and were used in
the seismic analysis of site wells to predict dynamic behavior,

EARTHQUAKE EVENTS SIGNIFICANT TO THE SITE

The most significant earthquakes in the region can be determined by analyzing the tectonic
association of earthquake events with structure, i.e., identifying the earthquake epicenter
and known fault or geologic structure. The most significant earthquakes in the region are the
1909 Intensity VIl Beloit earthquake, the 1972 Intensity VI northern lllinois earthquake, the
1912 Intensity VI northeasiern lllinois earthquake, the 1804 Fort Dearborn earthquake, and
the New Madrid earthquakes of |811-1812. This evaluation is based on epicentral intensity,
felt area, distance from the site, and tectonic association. Intensity is defined as the
" Modified Mercalli Intensity scale of 1931 as abridged and rewritten by C. F. Richter. The
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scale is a measure of the effect of the earthquake and is categorized by levels of | through
XIl. Level Vil is defined by the following description: "Most people are frightened and run
outdoors, Many find it difficult to stand. The vibration is noticed by persons driving motor
cars. Large bells ring."

MAXIMUM EARTHQUAKE POTENTIAL

The maximum earthquake which could be expected would be an Intensity VIl event similar to
the 1909 Beloit Intensity VIl event near the site. This is equivalent also to the occurrence of
the largest event which has ever bean recorded within the Central Stable Region, and which
cannot yet be associated with a specific structure or structural region; it is therefore
described as random. The level of ground motion experienced from a near field VIl event
would envelop the motion expected from a recurrence of a New Madrid-type event at the
closest approach of the Mississippi Embayment, a distance of 330 miles from the site.

The recommended safe shutdown earthquake was defined as the occurrence of an Intensity
VIl event near the site, This near field event would produce maximum horizontal ground
accelerations of 0,13 g (Reference 3).

However, at the time of the review of the construction permit application, the NRC consid-
ered the occurrence of an earthquake of Intensity VIII to be equally probable (a low order or
probability) at any place in the Eastern Central Stable Region. The NRC also took the posi-
tion th , bused on the postulated occurrence of an Intensity VIII at the site, a safe shutdown
earthquake of 0.2 g at the bedrock-soil interface was adequately conservative for the Byron
Station,
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Section &
SEISMIC ENVIRONMENT COMPARISON

Researching a lifeline or system response to an earthquake was selected as a means of
assessing the Byron well's ability to withstand comparable earthquakes; therefore, recent
worldwide data were reviewed. For the comparison, water well and well pump performznce
of six recent worldwide earthquakes was examined in addition to four earthquakes reported
within 100 miles of the Byron site. Worldwide data were selected which had much greater
magnitudes than the Byron postulated SSE in order to demonstrate efiects of earthquakes
where ground rupture (Mg 2 6,0) has occurred, while the lllinois data illustrate response in
local areas, Worldwide earthquake data are presented in terms of magnitude M. The magni-
tude M represents a par: of the frequency spectrum of seismic waves and therefore respre-
sents a physical parameter of the earthquake. For earthquakes at very great distances from
the recording station, seismic surface waves with a period around 20 seconds are often
dominant on seismogramsj the wavelength of these waves is about 60 km. Beno Gutenberg
(Reference 6) used this characteristic by defining the amplitude of surface waves with a
period of 20 seconds and calling them surface magnitude or M. It should be noted that
magnitude scales use small numbers to express vast differences in earthquake size. In
absolute terms of radiation of seismic energy, energy release increases about 32 times with
each increase in magnitude unit, Because the amount of energy radiation reflected in the
magnitude scale increases geometrically, small differences in magnitude are much more
significant at the higher ends of the scales than they are at the lower ends, The difference in
radiated energy between earthquake M=7.9 and 8.0, for example, is about one million times
larger than the differences between earthquakes M=1.9 and 4.0.

Nuttli (Reference 7) reports that earthquakes east of the Rocky Mountains, in general, do not
rupture the earth's surface, while the worldwide events do. Worldwide evidence from
historical surface faulting events shows that nearly all ground ruptures have closely followed
pre-existing fault traces. Displacements have occurred repeatedly along or near the same
taur nd nearly always with the same sense of offset as that which can be inferred for
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the recent geologic past (Reference 8), As reported, and accepted by the NRC staff, there is
no evidence of surface faulting near the Byron station. The absence of this condition
sugge:ts that the potential of damage could only be related to shaking or vibration. In the
larger earthquakes, the stress drops are greater for the eastern earthquakes than for the
worldwide events,

The worldwide seismic events selected for comparison with the Byron conditions are as
follows:

* San Fernanco Valley, California, 9 February 71
+ Coalinga, California, 3 May 8}

o Morgan Hill, California , 26 April 84

* Santiago, Chile, ) March 83

* San Salvador, El Salvador, |0 October 86

+ Edgecumbe, New lealand, 2 March §7

The lllinois earthquakes within 100 miles of the Byron Station incluce:

*  Beloit, Wisconsin 1909 MM VIl
o N, llinois 1912 MM VI
+ Rock lslang 1936 MM VI
* N llinois 1972 MM VI

The discussion of the [llinois earthquakes and their significance on local municipal wells is
presented in Section 3 of this report,

SAN FERNANDO VALLEY EARTHQUAKE
Description of Event

The San Ferrancdo Valley earthquake (M, s 6.6) dramatically demonstrated that seismic
gesign of major lifelines needed more attention. A detailed examination of pipeline leaks and
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eastern San Fernando Valley, The surface-faulting effects of the 1971 earthquake have been
documented in detail (U.S. Geologic Survey Staff 1971), The zone of surface ruptures wa+ 9.3
miles long extending from the western side of San Fernando to Big Tujunga canyon. Detaileg
mapping showed that five separate segments of the fault zone were activated at the surface
during the earthquake. The character of ground deformation varied along each segment. The
distal parts o. the fault zone were marked by relatively simple rupture zones less than 15
feet wide. In contrast, fractures of the west central segment ronsisted of a main belt of
thrusting about 250 to 650 feet wide with displacements of 7 feet, The earthquake was
accompanied by permanent ground distortion, including uplift and horizontal displacements.
The maximum uplift was about 7 feet, while horiiontal displacements, locally of more than 7
feet, occurring over a broad area showed an abrupt discontinunity along the zone of surface
faulting in the pattern and amount of horizontal distortion (Reference 9), The causes of
approximately 90 leaks at 71 locations were determined from repair reports of the Los
Angeles Department of Water and Power (Reference 10), The repair reports demonstrate the
aerial extent of severe shaking and indicate the location, size, and type of pipe, type of
damage, type of soil, and the presence of internal or external corrosion. Also, in the area
where earthquake damage tends to occur, the depth to bedrock changes rapidly and, hence,
changes in ground motion that affect pipes may be expected.

The performance of 21 water wells located in the epicentral area, particularly those in the
city of San Fernando which were closest to the areas of maximum ground displacement and
surface rupturing, was examined with the aid of television cameras, The postearthquake
condition or performance of the wells was judged principally by comparing the yield and
content of the water, the action of the pumps, and the results of bacteriological tests, The
results of the study (Reference 7) indicated the following:

* A cased well can withstand severe _iround uplifts and lateral shifting and

compression of the surrounding soil short of actual rupturing, without
irreparable damage to either the casing or the pump,

+ The California cable-tool method of construction used for the water well was
found to be satisfactory in resisting the ground motions experienced in the
earthquake, The principal distress was cracking and lateral shifting of the
concrete pads attached to the pumps,
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It is significant that 20 of the 2| deep wells drilled in the unconsolidated sand, gravel, and
finer sedimen’; withstood the severe ground shaking and uplift without any appreciable
damage. Only well No. 7, a 375-ft-deep well drilled in 1960, was distorted due to earth
movements, The 18-in, [D double 8 gauge steel pipe casing with perforations below 88 ft was
found distorted in shape and twisted by severe movements when photographed. There were
no other reported well failures in the San Fernando Valley study. Table 4.1 indicates the data
on well