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Abstract

Determiningthe similarity of documentimagesis anim-

portant rst stepfor severaldocumentetrieval tasks,such
asdocumentlassi cation,informationextraction,andre-

trieval basednvisualsimilarity. In this paperwe propose
a methodto describeandcomparethe contentandlayout
of a documentgiven only animageof the document. A

tree structureis usedto capturethe hierarchicalstructure
of thedocumentTwo documentgarethencomparedising
atreematchingstrateyy.

1. Intr oduction

Determiningthe similarity of documentimagesis anim-
portant rst stepfor severaldocumentetrieval tasks,such
asdocumentlassi cation,informationextraction,andre-
trieval basedon visual similarity [5]. Thesedocumente-

trieval tasksareimportantwhendealingwith largedatabases

of documentimages. For example,documentretrieval is
necessaryvhena databaseiserwantsto nd documents
in the databasevhich are similar to a particularexample
document.Documentclassi cationcould be usefulin de-
cidingwhereto le adocumenimagebeingaddecto the
databaseor in choosingthe most appropriatedocument
model,if the modelsaredifferentfor variousclassesAll
of thesetasksrequiresomenotion of documensimilarity.
Whenassessingvhatmalkesdocumenimagessimilar, we
consideothof thefollowing to beimportant:thecontent
of the document{words, pictures,etc.) andthe layout of
the document(how the contentof the documents orga-
nized).In this paperwe proposea methodto describeand
comparethe contentandlayout of a documengivenonly
animageof thedocumentA treestructurels usedto cap-
turethedocuments hierarchicaktructure.Two documents
arethencomparedisingatreematchingstrateyy.

The documentcomparisonproblemhasbeenstudied
for sometime. Somemethodsdependonly on the text
contentof the document,asin [2, 3, 7]. Suchmethods
have provento bevery effective for comparingdocuments
which areall or mostly text, but they do not take into ac-
counteitherthepicturesandgraphicghatmightbepresent

in the documentor the physicallayout of the document.
Srihari,Zhang,andRao[10] give anexampleof a method
thatusesbothtext andpictureinformationto queryadoc-
umentdatabasehut this methodstill doesnot make useof
the layout of the document. The methodof Hu et al. [5]
classi es documentsdhasedon the layout of text regions,
but doesnot take into accountthe contentof the text re-
gionsor pictureregions. All of thesemethodseitherdo
not take the documentiayout into accountor do not de-
scribethelayoutin a hierarchicaimanner An exampleof
describingthe layout of a documentusing a hierarchical
structureappearsn [6], which usesa stochasticregular
grammarto producea sggmentatiorof thedocument.

Weintroduceamethodo describéboththelayoutstruc-
tureandthe contentof a single-page&locumenimage.We
begin by partitioning the documentinto meaningful re-
gionsandcalculatingseveralfeaturesof theseregions.We
thende ne a distancebetweenregions,andasin [8], we
recursiely memgethetwo nearestegionsuntil all regions
have beenmerged. Thuswe createa binary partitiontree
whosenodescorrespondo regionsin the documentand
containfeaturesto describetheseregions. The leaves of
thetreecorrespondo thevarioussmallregionsof a docu-
mentsuchasparagraphsimages,captions,etc.,while an
internal node of the tree corresponddo a logical group-
ing of all the leaf regionsdescendingrom it. For exam-
ple,aninternalnodecouldcorrespondo a columnof text,
which is the union of several paragraphsWhile the gen-
eralideaof describinganimagewith a binarytreeis sim-
ilar to [8, 9], our de nition of featuresandof therulesfor
meirging regionsarenovel andspeci c to our application.

We thencomparewo documenimagesby comparing
their documenttrees. The criterion for this comparison
is basedon an extensionof the conceptof edit distance
betweertrees[11].

The organizationof this paperis asfollows. Section2
describeshow the documenttreesare constructed,Sec-
tion 3 describesow the distancebetweertwo documents
is measuredSection4 presentgreliminary examplesil-
lustratingour algorithm,andSection5 containssomecon-
cludingremarks.
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Figure 1: Documentreeillustration. (a) A documentvith three
text regionsand two image regions. (b) Theregionsof the doc-
umentbefoe region meging. (c,d,e) The documenttree and
remainingregions of the documentafter two, three and four
meges, respectively (f) The nal documentreedescribingthe
imagein (a).

2. Forming the DocumentTree

Thedocumentreeis abinarytreewhichdescribe$oththe
contentandthelayoutof thedocumentlt is formedby rst
segmentingthe documentinto meaningfulregions, then
calculatingfeaturesof theseregions,and nally de ning a
distancebetweerregionsbasednthesefeatures Thedis-
tanceis thenusedto memethe regionsrecursvely into a
binarytreedescribingthedocument.Fig. 1 illustratesthis
conceptGivenadocumentindapartitionof thedocument
into meaningfulregions,we recursvely memge similar re-
gions. In Fig. 1(f), theroot nodecorrespondso the entire
documentwhichis splitinto backgroundandcontent.The
contentis split into text andimageregions,which arethen
split into their smallercomponents.

Therecursve region meging procedurausedto create
thedocumentreeimpliesthefollowing: (i) thedocument

Raw Segmentatio Useful
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Figure 2. Block diagram of segmentatiorprocedue

hasbeensegmentednto regions,and(ii) thereexistsaway
to discernwhich regionsare “closest”, thatis, which re-
gionsshouldbememed rst. Task(i) canbeaccomplished
with ary image segmentationprogramthat partitionsthe
imageinto several regions. To accomplishtask (ii), we
rst de ne for eachregion severalfeaturego describethe
region. We thende ne a distancefunction betweenre-
gionsthatdependsnly on the featurevectorsof the two
regionsbeingcompared.This distancefunctionis the cri-
terionfor decidingthe orderin which regionsarememged
while forming the documenttree. The region pair with
minimumdistancds memgedrecursvely until only onere-
gionremains.

2.1. Segmentation

The procedurdor segmentinga documents illustratedin
Fig. 2. Theraw input le goesthrougha preprocessing
stepto produceanimagethatcanbe passedo the partic-
ular sggmentationalgorithmthat was chosen.The output
of this sggmentationalgorithmis then passedhrougha
postprocessingtepthat removesary unwantednoise or
insigni cant detailsin the segmentationyielding a useful
segmentatiorof thedocumentTheregionsde ned by this
usefulseggmentationof the original documentecomethe
leavesof thedocumentree.

Note thatthis strateyy doesnot specifythe useof one
speci ¢ sgmentatiomprocedure Any reasonablesggmen-
tation procedurewith appropriatepreprocessingndpost-
processingtepscouldbeused.We choseo usethe Train-
ableSequentiaMaximuma PosterioriTSMAP) segmen-
tationalgorithmin [1] to performthe segmentatiorof the
documents.The TSMAP algorithmusesBayesianmulti-
scaletechniquego nd anestimateof which classshould
beassignedo eachpixel in agrayscalémage.We trained
the TSMAP algorithmto assignoneof thefollowing four
classedgo the pixelsof theimagebeingsegmentedeader
text, bodytext, image,andbackground.The outputof the
TSMAP sggmentatiorstepis thenanimagewhosepixels
containthe classnumbersassignedo the corresponding
pixelsin theoriginal document.

2.2. Features

Oncethe documenthasbeensplit into regions, we need
to de ne thefeaturevectorsanda correspondinglistance
function which will be usedto createthe documenttree.
To do this, we needto have somemeasureof similarity
betweernregions. Of course this measureof similarity is
dependentn theapplication giving riseto mary possible
featurevectorsanddistancefunctions. For this paper we



restrictour measuref similarity to dependon thefollow-
ing vecharacteristicef theregions:class,size,position,
color, andtext content.

Class: The sggmentationprogramassigngo eachregion
oneof several classesOur measureof similarity depends
on classin thefollowing way. The classeof the regions
beingcomparedieterminenow heavily to weighttheother
four closenesdactors. For instance the text contentof
the regions is much more importantin a comparisonof
two bodytext regionsthanin a comparisorof two image
regions.
Size:Smallregionsshouldbememgedbeforelargeregions.
For instance we wantthe varioustext regionsof a docu-
mentsuchasparagraphs memgewith eachotherinto one
largetext region beforeary of themmeigewith ahugere-
gionsuchasthebackground.

Position: Region pairswhich arespatiallycloseshouldbe
merged before region pairs which are spatially far from
eachother For instancejn a columnof threeparagraphs,
the rst memgeshouldnotbethetop-bottompair.

Color: Regionswith similar color characteristicshould
beconsiderectlose.

Text Content: Regionswith similar text contentshouldbe
consideredtlose. This appliesmoreto regionscontaining
muchtext thanto regionscontaininglittle or notext.

Weemphasiz¢hatthese vemeasuresf similarity are
assumptionspeci c to our particularexample andthatfor
otherapplicationsptherassumptionguidingthe measure
of similarity couldbe moreappropriate.

Theregionsof theimagearede ned asthe connected
component®f the postprocesseslggmentatiorof the im-
age. Several featuresarede ned in [4] that describethe
regionin termsof the ve similarity characteristicabove.
Oncethefeaturesarecalculatedthey aretheonly informa-
tion abouttheregionsthatis savedandused.Thefeatures
alonedeterminghedistancg4] betweernregionswhenthe
documentreeis formed,and eachnodeof the document
tree containsthe aggreyatefeaturesthat describethe sec-
tion of thedocumentiescendingrom thatnode.Wede ne
thedistancefunctionbetweerregionsin [4] to implement
theabove assumptionaboutwhatmakesregionssimilar.

3. DistanceBetweenDocumentTrees

In a documentdatabaseeachdocumentcan be charac-
terizedby a binary tree asdescribedn Section2. Then
the similarity betweendocumentscan be de ned by the
distancebetweentheir correspondingrees. This section
describeghe similarity criteria that we usein our docu-
mentprocessingsystem. To de ne the distancebetween
two treeswe extendthe concepibof editdistancg11].
Weletr(T), L(T), andR(T) betherootnode,theleft
subtreeandtheright subtreeof atreeT, respectiely. |Tj

denoteghe numberof nodesin thetree T. We de ne the
yield Y(T) to be the setof all leaf nodesof tree T. A
yield-partitioningsetof ary treeT is de ned to bea setof
subtree®f T whoseyieldsform a partitionof Y(T).

We rst de ne thedistancebetweerntwo treesfor sev-
eral simple scenariosandthen generalizeto ary pair of
treesusing a recursve formula. First, the distancebe-

tweenatreeanditself is 0, KT; Tk 2 0. If two treesT and
T consistof a single nodeeach,we setthe distancebe-
tweenthemto c(r(T);r(T)) wherec [4] is anapplication-
speci ¢ function which is symmetric(c(x;y) = c(y;X)).

For the generalT and T, we usethe recursie de nition

in Eq. (1), whereg(T; T) is afunctionwhich penalizeghe
dissimilarity betweenyield-partitioningsetsof T and T;

d(R(T)) andd(L(T)) representhe costsof pruningR(T)

and L(T), respectiely; and w is an application-speci c
weightsuchthat0 w 1.

Theintuition behindtherecursve partof formula(1)—
i.e., the secondterm—isasfollows. One situationwhen
we would like to saythat T and T aresimilar is if their
rootscorrespondo similar regions,andtheir setof leaves
describesimilar setsof subrayions. We would therefore
like to comparetherespectie rootsof T andT aswell as
their yield-partitioningsets. This is what the last line of
Eq. (1) does.Anothercasewhenwe would lik e to saythat
two regionsaresimilaris whenoneof themis a subregion
of theother, providedthatthedifferencebetweerthesewo
regionsis not signi cant. The restof the recursionis an
implementatiorof this comparison.

As suggestebtly Eq.(1), thedistancébetweeriwo trees
canbecalculatedusingarecursve algorithm.To avoid re-
dundantcomputationwhenever the distancebetweertwo
subtreess computed,it is stored. The distancebetween
eachpairof subtreess thuscomputednly once. Thetime
complexity of this algorithmis O(NN) whereN andN are
thenumbersf nodesin thetreesT and T, respectiely.

4. Preliminary Evaluation

In the previoussectionswe have describeda generaktrat-
egy for forming andcomparinghierarchicadocumente-
scriptionscalled documenttrees. This sectiondescribes
someresultsof applyingthisspeci ¢ stratgyy to documents
in our database.
The databaseve usedfor the experimentconsistecbf
41 one-pagelocumentsn PDFformat. We corvertedeach
oneto a 400 dpi (157.5dpcm) color imageto obtain41
pageimagesto testour method. We thenformeda docu-
menttreeto describeeachof thesedocumenimages.The
rst stepof forming the documentreeis to segmentthe
documeninto regions. Theimageswere rst putthrough
the sgmentationprocedurevhoseblock diagramappears
in Fig. 2. Oncewe hada segmentatiorof the original im-
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age,we foundthe connectedomponentsf the sgmenta-
tion to de ne theregionsof the documentandrecursvely
meiged theseregionsto form the documenttree. Using
thesetrees we thencalculatedthe distancedetweerndoc-
umentsusingthe methodexplainedin Section3.

For testingour systemwe chosea documentandcal-
culatedthe distancebetweerits documentreeandall the
otherdocumentrees.Fig. 3 shavs the testdocumeniand
the documentclosestto this testdocument. Also below
eachdocument,their correspondingdocumenttreesare
provided. In Fig. 4, the 2nd through 10th closestdocu-
mentsto the testdocumentareshowvn, arrangedn the or-
derof increasinglistancerom thetestdocument.

5. Conclusions

We have proposed generalframawork for capturingand
comparingthe hierarchicalstructureof documenimages.
Our preliminary experimentsshav that our methodpro-
ducesresultsthatmake sensantuitively. Our future work
will focusontrainingtheweightsin thedistancefunctions
andevaluatingtheimportanceof features.
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Like Nation,
Growth in
Az. Slowing

But State Still Projected
to Gain Nearly 150,000
JobsOverTwoYears

One year ago, the U.S. economy
was at its zenith — the New Econ-
omy was forging forward into the
new millennium with a bang!
Scarcely had anyone at the time
thought that a bear market was entef-
ing the picture.

But up to then, investors and bank

s were chasing everything with a
“high-tech,” “Internet,” and “IPO” spin

onit. This was a time when seldom
did investors ask about net profit;
rather, they focused on such terms

“multiples” and “capitalization.”
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Many of these high-flying companies
with clearly inflated stocks had never|
experienced a net profit. Moreover,
many were never expected to realizg
one. Money was abundant and in
vestor gains were most often sought
by riding the upward wave of share
appreciation — some 30, 40, and
greater times the company’s earning:
Investment bankers raced to supporf
newly created companies to the mar|
ket, eager to watch yet another IPO’
(initial public offering’s) share price
shoot upward toward the moon
This, however, is an example of
much of what Alan Greenspan, chair|
man of the Federal Open Market
Committee (FOMC) referred to as *ir
rational exuberance,” a level of-be
havior about which he stressed
serious concern and caution.

At the time, theFOMC tightened
monetary policy to head off inflation
by raising key rates (federal reserve

funds rate and the prime rate). For
much of the year, monetary policy
kept key rates at relatively high levels
(6.5 percent) so as to temper the
economy into submission — aiming
to tame the raging bull market. Some
now question whether monetary pol
icy in 2000 was kept too tight for so
long that the bull market turned to
bear. But, as you might expect, it's
not that simple.

Throughout the rest of 2000, con
sumer optimism and the NASDAQ
stock average would gradually sink to
unanticipated lows. The once
high-flying tech stocks either went
bust or were now representing a
mere paltry fraction of the value that
they earlier boasted.

The year 2000 was a year in which
businesses, investors, job seekers and
the employed were highly — some
would argue overly — optimistic.
Consumers had little to fear, except

ArizonaEconomy?2

(TestDocument)

S

S
Reﬂo
<

APUBLICATONGF
THE
ARIZONA
DERRTVENT

OF
ECONOMIC
SECURITY

Spring
2002

RA Expects
Slow Recovery
in Az. Economy

Forecast Calls forincrease
of Only 38,000 Jobs
OverTwo-YearPeriod

In 2001,Arizonabusinessesx-
pandecby nearly23,000nonfarmpay-
roll jobs, representingrowth of one
full percentaggoint. While this may
appearcomparablybetterthanthe na-
tional economyB which grewby a
meagethree-tenthsf one percentage

Forecast

'02-'03

point® pro-
jectedto experienceadditionalweak-
nessin its job growth during 2002.

According to Arizona’s Department
of Economic Security, Research Ad
ministration (RA), Arizona will lose

more than 17,000 jobs (-0.8%) in 200;
as businesses continue to adjust thel
workforce to slower demand and

cost-containment goals. However, a
general recovery is expected in 2003
as economic builds and

number of homes in 2001, according

to the initial figures provided in a-e

cent report by the Meyers Group.

While the permit activity has begun to

slow, the Phoenix-Mesa Metropolitan

Area (MA) was ranked second among
I

businesses add more than 55,000 jo
(255%).
In all, RA's two-year forecast calls
for job growth of more than 38,000
jobs as weakness is projected to be
nearly pervasive among industries in,
2002. Perhaps more notable is that
the once enviable and fast-growing
areas are expected to

show the sharpest downturn in jobs

Arizona’s construction industry has
been showing slower job growth
since 1998. The industry slowed
even further, adding only 3,000 jobs
(1.9%) in 2001. Low mortgage rates

Volume 26 No. 1
Page
2002-2003 Employment Forecast
Arizona 1
Phoenix-Mesa MA s in 2002
Tucson MA § 8
Balance of State ... 9
Industry Update 10
helped

sell a record

s

le-f:
permits. RA forecasts show construc
tion jobs will decline by roughly 4
percent in 2002, recovering slightly to
show a three-tenths of one percent
age-point gain in 2003.

Arizona’s manufacturing businesses
reduced their workforce by an aver
age of nearly 3 percent in 2001.
Pulled down by retracted business in
vestment spending that had for many
years earlier supported robust growth,
durable-goods manufacturing experi
enced more severely the cutbacks in
employment. RA projections show
continued weakness in the hardest hit
sectors of industrial machinery and
metal-products manufacturing. And

ArizonaEconomyl
(Closesthocument)

;

Figure 3: Our systentlassi ed documentrizonaEconomyas the mostsimilar to the documen®rizonaEconomyZamong40 doc-
umentimages. The bottomrow showsthe documentreesfor the two images. Thenumbes insidethe tree nodesrepresenta region
numberandthe color representghe average color of theregion.
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What is iron? An example s soil beneatth metal
fecyclers, Howeuadespie these
Iron is a chemical element that is ~ high concentrations, only small
widely distibuted n geologic - quaniiies of ron e liel 1o each
materials. Iron is slowly released 1o the ground water
fom soil and rocks to ground water
What is considered g safe level of
The fate of iron n ground water iron in round ws
depends on the form of iro
présent. Under reducing e Secondary Max
congiions,ferrous ion (Fell or Lo Covet (MG for
Under oxdizing  iron s O s sranuavd is
cogelions, ferric ron (e healt
B ates. Conseritations on St MRS Iiares and
O telouS Ion i roURd of SUACE MG, The SMCL 1§ basad o
cer may be more concentration of dissolved iron
(part per million). Ferric iron, _in ground water
although refatively insoluble. forms
complexes with other chemicals oHow s iron distributed in
with suspended material. innesota ground water?

What are sources of on in groundron exceeded the SMCL of 0.30

mgL in about 70 percent of the

s sampled in

Most fon in Mitnesota’ ground Wwater MOMGHD o Aasessment
Woter occtrs nalraljon e Program (GWMAP) satewide
athigh concertratons in
types of rocks. Cuncemralmns zo enation of crasonen fon wh
De as high as 40,000 mg/kg (partshe smallr since samples viere not
e mihn T ancous 196k, bk e heless, dissolved
less than &,000 mg/kg in hmesmn:on:enlralmns are fikely to be high
and dolomite. mples, since ron concen-

3

ere are many industrial with oxidati
applications for iron, inciuding usein ground waterThis means that
In machineyy and siuciurel > more reducing condions ogcur
materials. Cons ifon enters into solution, as
Concentrations in Soi impacted bywould be expected. The median
these materials can be very high. concentrations of iron in all aquilers
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Barium, Beryllium, Calcium,
Magnesium and Strontium
in Minnesota's Ground W ater

Viay 1699

What are barium, beryllium,  than the other alkaline earth metals,
calcium, magnesium and Although they are used widely for
strontium’ indusirial applications, there are no
major anthropogenic (human)
Barium, berylium, calcium, Sources for these chemicals.
magnesium and strontium belong 5
2 ou of chemicals called the ™ Wnat are considered sale levels of
aline earth metals.” Although _barium, beryllium, calcium,
these chemicals belong 0 he Sa R agnesium and Sranium in
chemicalgroup, they vary widely i
i abundance and behavior | around water?

E rourd water and n ther poential Calcium and magnesium do not
ealth effect have drinking water criteria.
urrently there are no health
What are sources of bari
B Sl magmagm angQcems associaled wih these
St in ground viaier? hemicels. Howeyeralciu

o magnesium may cause scaling of
Calcium and magnesium are  PIPES: AS & very rout h‘ "
abundant in rocks and sol, Spprodmation, concentraions of
particularly limestones and caliun pls magnesium greater
dolomites. They are relatively ~ than 100 mg/L (parts per million)

juble. are classified as "hard.”

Svontum and barium are aiso The Minnesata Depart

abundant in earth materials, h (VDH) estabished health
a\muugh lhen concentrations are ~fisk limits (HRLS) of
o e o agon® 630008 ol fo bt suoim
lower than those of c mum and and beryllium, respecti HRL

magnesium. Strontur
are less soluble than calcum and nat n ground wiater that 5 safe to
magnesium, but are found i ingest
appreciable quantities in aquifers HRL for barium con:
consising of sancstone and igneou the cardiovascular system in
rocks. tudies. The HRL for
Sontlim Conciders e bone
Beryllum concentrations in rocks  system, while the end point for
are low Beryllium is less soluble  berylium is cancer

T e cove e s e v o S e o

65152006300 st o (300 657 3004 1 (51) 302 5332 or (100 657 3004

EighthClosest

Ground Water
Monitoring and
Assessment
Program

Environmental

Characteristic

(i’

Minnesota.

GWMAP

Ground W ater
Monitoring and
Assessment

Program

Vivnesom Poluion Conyl Agercy 520 aayets R Nt S Pt WN 551554154
6515 253 300 s e (R0 57 350, 1 (51) S0 5338 o (100 657 S04
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Boron in Minnesota's Ground W ater

Ground 1908

Boron s = cherical e, fen fourdinrockandso. s Sty relesed il boh
s lght weigh, relatvely casily
asagasin B
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sizo foun n el wastes
wage s ing wastes, and

mssvl il combuston product,
was once commonly used in

What are cadmium, lead and
mercury?

Cadmium, lead and mercury are
metals tha are found at redcvely o . paint
[ow concentations m e enviion. Slumbing. Alhough ihece
ment. Their behavior difers widsiy have decr
Lead is nearly immobile in soi,

mercury can be very mobile in - combustion prodiu primar
certain forms. Mercury is highly pogenic s
volatie, while cadmi fead e fossi fuel combuston, diposal

cadmium, lead and mercury are acuvmes Mev ? as been usen
alsoin paints and pharmaceuticals.

What are considred sale levels of
and e efects can cad, lag and mercury

be long-asiing. Conseduerthey cooumd wate

are discussed ogether

23
EEL

The Minnesota Department of
What are sources of cadmiun, lealealth (MDH) estabiished a health
and mercury in ground water?  fisk limit (HRL) of 4 gL (pa

per bilon) for cadmiom
Concentrations of cadmium, lead |5 the concentration of & -

contam-
and mercury neis are inant in ground water that is safe
approxmately 10,5 10 ingest daily over a lifetime. The
B (pars po mHIlun) These L was based on kidney effects
chemicals are n luble andn animal studies. Health-based
Ratural concentrations in jround drinking A
water will be less than O been estabished for mercury and
(parts per billion). ad ‘The maximum contaminant

vel (MCL) for mercury is 31
Cadmium, lead and mecury haveNo eve, of lead s Condcercd
many anthropogenic sources.  sale in drinking uteathoush an
admium is widely used in action level of
Rauathal applcations, nEtuding _can he veat 1o [
the manufacture of batteries. It is impacted watedn ad
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Fact s

Mars Exploration Rover

butwater
without attemping 1o defne he actual species that arc present

What are saurces of boron n ground vater?
‘Some o the boron

x ingy
atmospheric deposiion of coal combuston provucts, storage ordisposal of coal ash, and

proper or poor sorage or

Howemwst ground water &

within the becrock aquiers of the northeastern part of the siate.

What is considered a safe levelof boron in ground water?
The U

it heretore i
m Limit
owu o660 metotams o e (s et ik, o po)ofboron 1 found s

e

vective fo al petpe.

with over
e for ot household uses, such as bathing and washing. For more nformaton on healih

How i boron disrbuted in Minnesota ground water?

Wiater 954
wells,

certain Precambrian Highest
or Cretaceous,
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