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C M ke Ander son, PE
BEREPr of essor and Chai r

fecti veSring2003, thereare
EchangestotV\o areas of the

under gr aduat e EREcurri cu-
| um engi neer i ng desi gn and conpu-
tational methods. The nunber s of
requiredcoursesandunitsrenain
unchanged, but sonecont ent anddi s-
tributi onchangesaresi gni fi cant. The
changes were approvedtool ateto
appear i nt he 2002- 2003 pri nt edcat a-
| og, but we expect t hemt o be post ed
t ot he HSU On- Li ne Cat al og at
<wwv. hunbol dt . edu/ ~cat al og> by
m d Febr uary 2003.

Engi neeri ng Desi gn

Ve repl aced our ol del ective
cour se ENGR 490 “ Seni or Desi gn
Proj ect” w t hanewr equi red cour se
ENGR492 " CGapst one Desi gnProj ect . "
The pri mary pur pose of ENGR492i s
todemonstratetostudents, facul ty,
potential enpl oyersandgradschoadl s,

andt he Accredi tati onBoardfor En-
gi neeri ng and Technol ogy ( ABET)
that al | BREgr aduat es havet he abi | -
i tytoappl ytheengi neeri ngdesi gn
pr ocess t o sol ve conpl ex, broad-
based envi ronnent al resour ce pr ob-
| ens. ENGR492f ocuses entirel yon
t he engi neeri ng desi gn pr ocess and
itsapplicationtosol verea BREprob-
| ens. Gapstone(or cul minating) isa
key wor d her e; ENAR492i st hel ast
i naseriesof coursecontai ni ngengi -
neeri nganal ysi sanddesi gn. Proj ects
w ll invol verul tipl easpectsof air-
wat er - | and- ener gy i ssues | ear ned
fromprevi ous requi redandel ecti ve
cour ses. Broadproj ect t henesi ncl ude:
preventi onandcontrol of pol | ution,
al | ocat i on and managenent of re-
sour ces (especi a | yscar ceresour ces),
and sust ai nabl e devel opnent .

Under t he ol d schene, students
sel ect edf our seni or desi gnel ecti ves
fromanapprovedlist. Uhder t he new

ENGR492. Capst one Desi gn Proj ect .
exper i ence based on know edge gai ned f r ompr evi ous cour sewor k. Ap-
plicationof theengi neeringdesi gnprocesstodevel opasystem process
or nanagenent pl ant osol veasi gni fi cant, open- ended BREpr obl em To
betakenfi nal seni or senester (wthinl6unitsof graduation).

3units. Qul mnati ng BREdesi gn

Sori ng 2003

schene, st udent s sel ect t hreeseni or
desi gnel ecti ves f romt he appr oved
list, plusall studentstake BNGR492.
Insel ectingtheir threed ectiveseni or
desi gncour ses, st udent s chooset he
topi cstheyw shtocover. Sudentsin
ENGR492 do not chooset het opi c,
but rat her showt hat t hey ar e conpe-
tent i nthebroadareasof thei r degree
title, Evironnenta ResourcesEngi -
neering. Thi s changew | | makeit
nmucheasi er for ustodenmonstrateto
ABETthat al | of our students have
recei vedt he r equi r ed capst one de-
Si gnexperi ence.

F nal | y, we added a newseni or

e cantinuedanpage 5

NS D@@@]@

A umi Profiles

Why ERE? A New St udent

Explains.................. 3
Vicki Tripolitis
Glendar ................. 3

Internshipsfor BRES udents .. 4
Bar baraPeters

The Monent
Thavi sak Syphant hong

ASust ai nabl e Agri cul ture
InternshipinWllowGeek ... 6
Charl es Lessnmann

Renoval of Sel eni umThr ough
Reduct i oni nAerobi c Soi | s:

A Col umm St udy
Mar ¢ Lei senri ng and Ji mHowel |

Educat i ng Pr of essi onal si nQon-
st ruct ed Vet | and Technol ogy . 10
Daryl Van Dyke

ERE MESSENGER sl 1




Allmmi Pr‘ofiles theconstructionwas hal ted. Four

Joaqui n Wi ght (ere2002)
Engi neer

BryanA Sirrat &Associ at es

D armond Bar, CA91765

jwright @as. com

WWW. bas. com

real | ybedoi ngafter school was

over. Al thoughny cl asses were
interesting, it washardtoseehow
theywoul dpertaintoa“real ” job. |
endedupworki ngfor BryanA Sirrat
andAssoci atesinthel andfill busi-
ness, youknow...Garbage. Inthis
busi ness our pr oj ect s enconpass al -
nost al | the“disciplines” wthi nen-
vi ronnent al engi neeri ng.

To hel p current EREst udent s
see what t hey nmi ght expect i nour
field, intherea world, | havesum
nar i zed bel owt wo of the proj ects|
amcur rent | y wor ki ng on.

I of t en wonder ed what | woul d

Bel nont Lear ni ng Conpl ex i n Los
Angel es, Gllifornia.

W aredesi gni ngandi nstal | i ng
a Met hane ext ract i on and r enoval
syst emon40acres of resi denti a | and
i nanei ghbor hood di rect | y nort h of
downt own Los Angel es. Anet hane
extracti onsystem stobeinstal | ed
under t he newschool at thesite,
Bel mont Lear ni ng Conpl ex.

Theproj ect was resurr ect ed af -
ter it had been shut downinmd
stream around1998. Thefirst con-
structi onconpani es di dnot account
for envi ronnental concernstoal evel
appropri at e, and as a consequence

s T A F F

EDI TOR
Gl esteM Pel tier

FACULTY ADVI SOR
M ke Ander son

PRI NTI NG
Lhi ver si ty G aphi ¢ Servi ces

For conment s or subscri pti ons:
ERESA@axe. humboldt. edu

years| ater, w t hanewt eamof con-
struct orsandengi neeri ngfirns, it has
beenrestartedandconstructionis
schedul edfor April 2003. V¢ have
been har d awor k devel opi hg a sys-
tenthat wll i nsurenomagratinggas
fromheoldoil fieldsconesupinto
t he school bui | di ngs, fiel dsor pl ay
areas. It mght soundsinple, butitis
qui te achal | enget o devel op mem
braneandextracti onsystensthat are
goi ngtobeinstal | edunder andi nt o
exi stingandpl anned bui | di ngs. Ve
havet oaccount for al |l t he under -
groundutilities, keepi ngour system
bel owt hemand al | ow ngf or our sys-
temodrainaswell; it i sanengi neer-
i ngdesi gnchal | enge. Alongw ththe
extracti onsystemaeal soareputting
i ndet ect i ondevi ces and bl over st hat
canevacuat eal | thebui | di ngsof “con-
tamnated airinstantly, i f theneed
ari ses. Duringthedesi gnprocesswe
have ot her engi neer s and geol ogi st s
drillingat thesiteandtaki ngsoil
sanpl es, wat er sanpl es, andr unni ng
teststoget infornati onthat wll hel p
us desi gnthecorrect systentfor the
site. | anoneof four desi gnengi neers
f ocusi ng ont he menbr ane and gas
renoval system Intheend, our por-
tional onew | | beapproxi nat el y $4
nillion. Thetota projectisestinated
tocost at | east $80nil | ion. Needl ess
tosay, i f weneedsonet hi ngtohel p
us doour work, weget it.

Pri maDeschut es Landfill i nlrvine,
Glifana

Pri nahas beent henost i nter-
estingof nyprojects. Duringthe
permttinginvol vedw ththel ocal
gover nnent t o expandt hesi t e (sone-
t hi ngt hat happens every year or so)

al | thevari ous gover nnent agenci es
havethereinput. Asaresult of the
| ast goaround, wemti gat ed many
riparianareas, rebuilt astreamand
itsrel ativeecosyst emaroundthesite,
and we desi gned and const r uct ed a
newar ea of expansi on, whi chwecal |
“cells”. Inorder tonoveandrebuil d
astreaminthehills, everytype of
bi ol ogi st, envi ronnental engi neer,
soi | sengi neer, andpoliticianhada
part topl ay.

Intheend! got todesignthe
streamandi t’ sbasi c st ruct ur e (under
a much nor e exper i enced engi neer )
as wererout edthe streamdownt he
nount ai naway fromt hefuturecel | .
Duetonatural constraints (thenoun
tain) wehadtobuildintoit vaterfalls
andener gy di ssi pati onstruct uresas
vel | asri pari anareas andnar shar -
eas. Al of thi swasacconplished
under t heeyeof nearl yeveryregul a-
toryagencythat everyexisted !l It
was aneat project tobepart of .

Toendnyti neont he soap box,
herei sonepi eceof advice. ... Listen
upwhenyour i nstruct orstal k about
t he pr oj ect s t hey have wor ked on.
Thi sisthebest i nfornati onyoucan
g eanfromschool . It iswherethetrue
gens of i nfornati onarethat canshed
sonel i ght astowhat weactual | ydo
asenvi ronnent al engi neers. Person-
adly, [ finditveryfufilling | amvery
proud t o have survi ved t he neat
grinder | call BREat HBU It wasand
i snocakeval k, asweal | know but it
has served newel | .

I f youpl ant oheadf or sout her n
Gl i forni anwhenyougraduat e, pl ease
send neyour resune. | w Il dowhat
| cantohel pyoufindopportunities.
Itisasnall worldandthe nore HU
EREgraduatesthat workinit the
better vew || al | be. EResA

asit needstobe.

Totheoptimst, theglassishal ffull.
Tothepessi mst, thegl assishal f enpty.
Totheengi neer, thegl assistwceashig
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INTERNSHIPS FOR

ERE STUDENTS

by

BarbaraPeters
Car eer unsel or
HSUCar eer Cent er

hgf i s aninternshipand
why shoul d you do one?
Aninternshipisdefined
asan“out of cl assrooni experi ence
rel atedtothestudent’ snaj or or ca-
reer goal s. Thepositioncanbea
vol unt eer posi tion, offer asti pend(a
fi xedanount of pay), or provi dean
hour | ywage; posi ti onscanbeoffered
part-tineduringtheschool year or
full-ti meover the sumer. Somne
enpl oyer s of fer “surmer j obs” t hat
canevenfal | under t he“i nt ernshi p”
defini ti onbecausetheyrel atetothe
student’ snaj or.

Thei nport ance of conpl eti ng
ani nt ernshi pi nyour fi el dcannot be
statedtoostrongly. Inny26+years
of worki ngw thcol | egestudents, |
amconst ant | y remi nded of t he val ue
astudent gai nsfromworki ngi nhi s/
her fi el dover t he sunmer or duri ng
theschool year. Infact, inthe"Sur-
vey of G aduat es” t hat t he HSUGa-
reer Cent er conduct s every year,
“wor k/ vol unt eer /i nt er nshi pexperi -
ence” i nconsi stentl yli stedast henost
i nportant factor that graduat es nen-
tioninassistingthemtoobtai ntheir
firstjobafter graduati on. Anintern
shi pcanhel pthestudent focusthei r
educat i onal andcareer goal s, appl y
what they arel earni ngi nt he cl ass-
roomt oact ual engi neeri ngproj ects,
gai nexperi ence, and nake cont act s
whi charei nval uabl ewhenit cones
tojobhunti ngafter graduati on.

Thebest ti nretostart research-
i ngandappl yi ngfor sunmer i nt er n-
shipsisearlyintheSori ngsenest er,
al t hough sonei nt er nshi ps and sum
ner jobsw || not beadverti sedunti |
May. Sone sanpl es of i nt er nshi ps
that have beenavai | abl ef or BREst u-
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dentsinthepast i ncl udethefol | ow

g

e Indi anHeal thServi ce (PHS —S u-
dent Engi neer (GOSTEP) t o desi gn
and const ruct wat er, wast enat er,
andsol i dvestefacilitiesfor I ndian
communi ti est hr oughout t he coun-
try. Deadl ineis Decenber 31, but
appl i cati ons accept edyear -r ound.

e Envi ronnent al Prot ecti onAgency
— Vst e Managenent I ntern. Cf-
feredthrought he Envi r onnent al
Gareers 0g. (Wwwu eco. org).

e Cal Trans — Engi neeri ng St udent
Assi stant. Various | ocations
t hr oughout northernGal i f orni a.
Deadl i nevari es—usual | yi nMrch

e Calif Dept of Wt er Resour ces —
H ood Myt S udent Assi st ant

« | daho Depart nent of Envi ronnen-
tal Quality—EBwvironnental Trai nee

e dtyof Eureka—Engi neeri ngA de

e Central ntraCGstaSanitaryD s-
trict —Engi neeringlntern(6nonth
posi ti on)

e County of Hunbol dt —Engr Al de.
Deadl i neusual | yi nMrch

e John Carol | 0 Engi neer s ( Vil nut
O eek) —Summer Engr Intern

 Foresi ght Ener gy Gonpany ( Lar k-
spur, ) —Sol ar/Eficiencylntern

e )l der Associ ates (Rosevill e, &Y
—Engi neeri ngS udent I ntern

e Pacific@s&H ectric—Environ-
nent al Engi neeringlntern

 Pacific Soi | s Engi neeri ng—Sum
ner Engi neeringlntern

e URS Cor por at i on — Desi gn Engi -
neeringlntern

« SHNENgi neer i ng — Envi ronnent al
Engi neeringl ntern

Qurrent i nternshi psadverti sed
t hr ough t he HSUCar eer Cent er can

be accessedt hrought he Car eer CGen-
t er webpage (www._ hunbol dt . edu/
~career). After youregi ster through
Monst er TRAK, gotot he“Jobs and
I nternshi ps” section of
Monst er TRAK. I nt he “keywor d”
bl ock, type “Hum ntern SNRE/ " —
thiswll giveyouthecurrent “<ci -
ence, Natural Resources and Engi -
neering” i nt er nshi ps bei ng adver -
ti s
« Sonoma Count y Wat er Agency —
NRPr ogr amAssi st ant
» B ogeochenical Researchlnitiative
for Fducati on(BR B) —Unhder gr adu-
ateFel | owshi p. Deadl i nei s Febru-
ary 28, 2003.
e Consuner Energy Council of
Anerica—RublicPolicylntern. In-
t ernshi psavai | abl eyear - r ound.

Q her opportunitiescurrently
avai | abl e f or EREst udent s can be
foundi nbi ndersintheHUCar eer
Genter or on-1inew ththeNational
ci ence Foundat i on ( Resear ch Expe-
ri encefor Unhder gr aduat e — REUpo-
sitions) at ww nsf. gov
* Natural Resour ces Gonservati on

Servi ce—SCEPposi tioni nEngi -
neeringinGll i forni a. Deadl i neex-
tendedt o January 21, 2003.

« US Forest Servi ce—SCEPposi -
tionsin@ vil Engi neeri ngt hrough-
out US —HUdead i nefor inter-
vi ewi ng on canpus: January 31,
2003; dead i nefor appl yi ngdirectly
t o USFSregi ons. Deadl i ne- Febru-
ary 28, 2003.

« Envi ronnent al Prot ecti on Agency
—Student Tenpor ary Enpl oynent
Pr ogram( STEP) posi tionsi nEngi -
neeringinNorthCarol i na. Dead-
line- March 28, 2003. (see
WA epa. gov/ | obs).

e Department of the Navy — Engr
A d/ Tech (STEP) i nPaci fi ¢ Geo-
graphi carea. Deadl i ne: Qpen. (See
WA usaj obs. opm gov) .

(ol orado S atelhiversity—REU
program n Vet er Resear ch. $2400
stipend. Deadl i ne—Mr ch28, 2003.

« Lhi versityof | daho—FREUprogram
i nEnvi ronnent al Resear chfor un-
der - r epr esent ed st udent s. $3528
stipend. Deadl i ne—Mrch15, 2003.

e Uni versity of Notre Dane — REU




posi tioni nVét er Resour cesi nDe-
vel opi ngQunt ri es. Deadl i ne—Feb-
ruary 17, 2003.

» VdshingtonlhiversityinS. Loui s
—REUposi ti oni n Envi ronnent al
Engi neeri ng Sci ence Pr ogram
$4000 st i pend. Deadl i ne — Mar ch
15, 2003.

* Rowan Col | ege of Engi neeri ng
(NewJer sey) —REUposi ti oni nPol -
| uti onPrevention. $1000 nont hl y
stipend. Deadl i ne—Myr ch14, 2003.

e {darkstonlhiversity (NewYork) —
RBUposi tioni nEnvi ronnent al ci -
ences and Engi neeri ng. $3500st i -
pend. Deadl i ne—March 1, 2003.

* NorthGarolinaSatelhiversity—
RBUposi ti oni n G een Processi ng.
Dead! i ne—Febr uary 28, 2003.

Asthesenest er conti nues, nore
i nt er nshi ps and ot her summer op-
portunitiesw || beadvertisedt hrough
Monst er TRAK, i nthe EREDepart -
nent, andon-1ine. TheGireer Genter
usual | y sends ane-nai | adverti se-
nent t o M ke Ander son and/ or Bet h
Eschenbach i nt he ERE Depar t nent
andtheyw || forwardthesee-nail s
tostudentsontheir |istservs. Su-
dent s canal sopursuesettinguptheir
owni nt er nshi ps or sunmer opport u-
nitieswthprivat eeng neeri ngfirns.
Severa resourcesareavai | abl etohel p
student si denti fyenvi ronnental en-
gineeringfirns. The Career CGent er
has a copy of t he Sel ecti on Gui de,
publ i shed by t he Aner i can Acadeny
of Envi ronnent al Engi neers. The
Aneri can Consul ti ng Engi neer s
Counci | has awebsite (http://
206. 135. 109. 15) wher e st udent s can
sear chfor engi neeri ngfirnsbytopi -
cal area. And, studentscanal sol o-
cat econsul tingfirnsi nspecificgeo
gr aphi c ar eas by usi ngthe “Yel | ow
Pages” of t het el ephonedirectory.

Wien appl yi ngfor i nt er nshi ps
and sunmer j obs, youw | | needtofill
out anenpl oyer’ sappl i cati on, com
pl et eaf ederal resune(kept i nadat a-
base at wwv. usaj obs. opm gov), or
submt aresune and cover | etter.
S udent s can pi ck up a Resune Gui de
i nthe HSUGar eer Gent er (NHAL30) .
Bar bar aPet ers, Gareer Gunsel or for
the EREngj or, i s avail abl e by ap-

poi nt nent t ocheck over appl i cati ons,

resunes, andcover | etters. Just stop

by t he HHUGar eer Gent er or cal | 826-

3341t oschedul e anappoi nt nent .

To sumari ze, here are sone

basi cti pstorenenber when appl y-

i ngfor i nternshi ps and sunmer j obs:

e Sart earlyinSpringsenest er and
cont i nuel ooki ngt hr oughout t he
Sring.

 Prepareyour resung, cover |l etter,
andf ederal resunei nadvance.

* Moni t or Monst er TRAK

(www. hunbol dt . edu/ ~car eer)
weekl y for any new y adverti sed
opportuni ties.

» Check t he f ederal gover nnment
websi t e (W usaj obs. opm gov) ,
S udent Jobs secti on, weekl y f or
any newkEngi neeri ng A d/ Tech po-
stias

e Checkyour e-nai | regul arlyfor any
i nt er nshi ps sent toyou byt he Ga-
reer Genter or facul tyinyour de-
par t nent .

* Wtchthebul | eti nboards or doors
o facu tyoffi ces.

* Doyour own sear ches f or summer
i nternshi pson-line.

« (ont act consul ti ngengi neeri ng
firnstoset upyour ownintern-
ships.

Good | uck and happy hunt i ng! eresa

¢ )

ERE Curriculum Changes

o cantinued frompage 1

designel ective, ENIR498" D rect ed
Desi gnPrgj ect, " toprovi dest udent s
theopportunitytoearndesi gncredit

for i ndependent proj ect s under t he
di rectionof an BREf acul ty nenber .

Conput ati onal Met hods

W del etedt hreerequi red3-uni t
coursesandrepl acedthemw tht hree
newr equi red 3-uni t courses. Theol d
cour ses are: MATH225“ Appl i ed Li n-
ear A gebraw thQdinaryD fferen-
tial Eguations” and ENGR221, 321
“Conput ati onal Methods | andl1.”
The newcour ses ar e ENGR225, 325,
326 “Conput ati onal Methods |, 11,
I11.” Al threenewcour ses havetwo
1- hour | ect ur es and one 3- hour | ab

e continuedanpage 11

TheI\/ch)ment

Thavi sak Syphant hong
ERE Seni or

The Monent we net islike

The Morent of | nertia
Wient he t wo of us ar e st andi ng

hthisearthhere
Andour vel oci ti esarecraossi ngt he
control vol une

d | ove and despai r
I n hopes of crossi ngthenort hern
and sout her n

Hem spher e
Wi chi st he sumof t het or que

Fr omLondon t o New Yor k
That woul dr et urnvect ors

d r andv
That aret he syniool i zat i ons of you
and e

And wi s t he onega
G arotarywat er sprinkl er

That sprinkl estearsof rai n
Wien doct or s operat et he brai n
To di g up enot i ons

That woul d dry up oceans
Andt her e ar e oper at i ng syst ens

That cancal cul ate
Thei nf | owof st eamengi nes

And pi st ons
But t hey cannot conpar e

Wththesteanrising
Wien we ar e ki ssi ng
And t hey can pr ogr ama pr ogr am

Tofi nd pressur e heads
G wel I sthat arenissi ng
But t hey cannot deri ve sonet hi ng
asesserti a

Asthe Art of Ki ssi ng
Andour Loveislike

The f | owof groundwat er
That i su-surfacedfromtheearth
fird

And puri fiedt hrough
Adri nki ngwat er system

That i s aggravat ed, coagu-
lated
Andagitateduntil themxtureis
conpl ete
And we neet t oget her as one

I nt he Morent t hat we net .
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A SUSTAINABLE AGRICULTURE

INTERNSHIP IN WILLOW CREEK

Char | es Lessnmann
G ad S udent i nEnvironnental Systens/| DT

2727777727222222727.....
Andthen, blink-blink, I am
anske. 1t’ salwayseasier for
netowakeupoutdoors. | junpfrom
thetent i nafl ouri shof zi ppers, and
val kout tothefi el dtopi ckcorn. 1t’s
col d, dim andwet i nthecornbefore
t he sun cones up, but | don’t m nd,
‘causeit’ s gonnabeover ahundred
today. Thesunclinbs over t hecrest
of nei ghboringS x R vers Nat i onal
Forest, andbeans abri ght good nor n-
ingfrom heEast.
The corni s pi cked and st acked
i nsi dethecool er i nanhour —only
need15boxesfor thefarners’ narket
i nVavervill etoday. Everything
pi ckedthi smorningw || beonthe
trucktoVeavervill ethisafternoon.
Beans ar e t he next harvest onthe
agenda. But stringbeanst akef orever
topick-thecrisplittlel eguneshi de
under thepl ant’ s br oad- | eaf ed canopy
i ke ny nose under thi s w de-
bri nmed hat. By 11: 00 am 300
pounds of beans ar e washed, bagged,
andstackedinthecool er. Theyw ||
be pi cked agai ni nacoupl e days.
@ een beans, yel | owbeans, romano
beans, and R enchfil et beans —sone
remai nontheplantsorinthefield,
but thesoil w |l wel comethemback
soon enoughwi t hawar mdi rt hug.
M chael Petersonisonthetrac-
tor planti ngw nter cropsasful I -ti ne
“hands” Paul , Ti mandl start pi cki ng
t he cucunbers. At 18acres, WI | ow
O eek Farmi sasnal | operationas
Californiaagricul turegoes. But
Mchael i sforever rotatingfiel dsto
naxi mzeproductivity, andtheearth
responds. The snowpeas of May and
June aregone, repl acedby Gt ober’ s
brussel sprouts. Timandl finish
pi cki ngt hel enon cucunber s, whil e
Paul washes upthesli ci ng*“cukes.”
Thenwe cont i nue ont ot he sumer
squashandzucchini. It sstill before
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noonandt hat’ sagoodt hi ng, because
t hesquashneedtostay cool (andina
coupl ehoursit’ sgoi ngtobet oohot
towval kbaref oot i nthefi el danyway).
Wienwe' refini shedw t ht he squash,
ever yone packs upt het r uck and Paul
drivesit over toVeaverville.

Qncethetruckisgone, it’stine
for abreak. Thenidday heat i s bru-
tal, but luckilytheTrinityRveris
next door. VWooooeeee, thewateris
wel com ngl y col d. Nerve endi ngs
scream thenfal | silent astherel ent-
| ess current whooshes present i nto
past, andny coretenperaturere-
turnstonornal . | dryoff onanearby
hunk of basal t, andwal k backtot he
farmfor abiteof | unchinthesnal |
out door ki tchen. Later, therearebaby
cabbagest oprot ect fromanout br eak
of pi gweed.

Theaft ernooncrui sesbyi ncon-
tenpl ati venedi tation, asthe“hul a
hoe” sl ui ces easi | yt hrought he sof t
topsoi | . Thehunil et ool i shasical |y
anetal “O onastick. Bystirringup
thetopfewi nchesof soil, | createa
“dust nul ch” - al ayer of soi | that wll
be unabl et o ger ni nat e weed seeds.
Soont he cabbages wi | | be bi genough
t oshade out any conpetitors, andthe
weed i nvasi onwi | | bet ur ned back
again. Timngiseverythinginor-
gani cagricul ture. Acoupl eof wel | -
ti med weedi ng sessi ons, conbi ned
wthequal | ytinel ywatering, canbe
enoughtobringadensecroptohar-
e,

Ater wecheckirrigationlines
and hydrants, M chael turnsonthe
wat er j ust beforedark, togivethe
ri peni ng nel ons andw nt er squasha
t hor ough soaki ng. V¥t eri ngat ni ght
keeps evaporationtoam ni num
Aqueous | ovefrontheTrinityw !l be
turnedi nt oveggi es by t onor row s
sun. V1 ook f or severe | eaks or
vashout sintheirrigationline. There

arenone. Theworkday i s over.

Toni ght, NewQrl eans Timi s
preparingdi nner i ntheformof or-
gani c-vegetari an-1tal -G un-stir-fry
fusion. “Needsalittlenoreolive
earl,” he says, asthe madnman Lee
Perry dubs anay ont he snal | ki t chen
boombox. My body i s sore, but not as
soreas| ast week or t heweek bef ore.
Thegri nder’ swheel of manual | abor
conti nuestosl ow y shar pen ny m nd.
Wienl startedt hi ssustai nabl eagri -
cul tureinternshi p(BENGR699) in
May, | waslongonsustainability
rhetoric, but short onpracti cal expe-
rience. Now inJuly, I’'velearnedl
canhel pthe Eart h growconpl etel y
organi cfood—bythet ruckl oad—f or
four andfivel ocal narketsweekly.
SQust ai nabi | itywasahol | onwmordt o
me bef ore t hi s experi ence. But
throughthisful fillingwork, |’ ve
foundt hat sustai nabi lityissustai n-
ablefor ne. mmesa

Some MIT Course Evaluations:

“Thi scl asswasarel i gi ous experi -
encefor ne.. .| hadtotakeit al | on
fath"

“Text nakesasati sfyi ng‘t hud
when dr oppedont hefl oor.”

“Probl ens setsareadecoytol ure
you awnay fromt hereal exam
naterid.”

“Text book i s conf usi ng. . . soneone
wi t haknow edge of Engl i shshoul d
proofreadit."

“Hel p! | vefal l enasl eepandl can't
wake up! "

“Textisusel ess. | useit tokill
roachesinnyroom”

“The absol ut e val ue of t he cour se
was| essthanepsil on.”

“I didn't buythetext. M $60was
bett er spent ont he Led Zeppel i n
tapes | usedwhi | e doi ng pr obl em
sets’

“Infornati onwas presentedl i kea
rupt uredfirehose-sprayi ngi nal |
directions—andnowaytostopit.”

"Wiat ' stheval ueof thetext?Itis
printedonhi ghqual ity paper.”



REMOVAL OF SELENIUM THROUGH

REDUGTION IN ANREROBIC S0ILS:
A COLUMN STUDY

by

Mar k Lei senri ng (ERE2001) and Ji miowel | ( ERE1994)

Abstract :

GeoSynt ec Gonsul tant s, I nc.
Portland, (R

Ast at i ¢ col unm st udy was conduct edf or t hreeweeks i n Sept enfoer 2002t oi denti fy aneffecti vesoi | nedi um

for reduci ngsel eni umi nthesurfacewat ersof SanD ego G eeki nQange@unty, Galifornia. S xnedi anixtureswere
exani ned, eachconsi stingof oneor noreof thefol | ow ng: nativesoil, silicasand, choppedcattail s, nunicipal green
wast e, coconut fiber (coir), andsodi umacetate. Wt| andsoi | front he San Joaqui n Mar shwas used as t he i nocul unf or
eachof thenedi uns, asit was bel i evedt hat t heseanaer obi ¢ soi | s cont ai nedsel eni umreduci ngbacteria. Theresul tsof
thestudyi ndi cat et hat t henedi umconsi stingof nativesail, silicasandandchoppedcattail swaseffectiveat renovi ng
sol ubl e sel eni unf ront he sour cewat er and had ot her desi rabl e characteri stics (i e. i nexpensi ve, easytoobtai n, no
unvant edchenical s, etc.). Thi s nedi anm xt urewas chosenf or furt her study i nanesocosm scal e experi nent.

Backgr ound

Sel eni umconcentrationsinthe
base fl ows of San D ego O eek are
frequent| yobservedat | evel st hat ex-
ceedtheGl i forni aToxi csRIl e (CIR
chronictoxicitycriteriafor thepro-
tecti onof aguaticlife(400HRE131. 39).
Thecurrent sourceof sel eni um nthe
wat er shed (H bbs and Lee, 2000) i s
thehistorical | yreducedsoil sof the
Snanp of t he Frogs, whi ch have been
exposedtoafl uct uati nggr oundwa-
ter tabl e ever si ncet he swanp was
drai nedfor agricultureintheearly
1900’ s. Exposuret o oxygenat ed
groundvat er sl ow yrel eases sal ubl e
sel eni unfromthehi storicsoil sof the
swanp i nt ot he groundwat er t hat
event ual | yent erst hecreek.

Thelrvi neRanch Vet er D stri ct
(IR hasinitiatedapilot studyto
examnethetreatabilityof sel enium
| adenwat er s usi ngasubsur facef| ow
construct ed wet | and desi gn t hat
vwoul dfunctionsimlarlytothehis-
tori c Snanp of t he Frogs by i rmobi -
l'i zi ngsel eni uni nreducedsedi nent s.
Thepi | ot studywas divi dedi ntotwo
parts. Thefirst isal aboratory-scal e
staticcol unmtest, andt hesecondi sa
fi el d- scal e dynani c mesocosnt est .
Linmtedresul tsof thel aborat orycol -

unmt est arepresentedinthisarticle.

(hj ect i ves and Appr ocach

The pur pose of t he col unm st udy
vastoidentifyaneffecti veandeffi -
ci ent sel eni um r educi ng nedi umf or
further study at thefl owthrough
nesocosml evel . S xsoi | nixtures,
appr oxi nat el y proporti oned by wet
vol une, wer e chosenf or anal ysi s:

¢ Medi uml: 90%nati vesoil, 10%
vet | andsoi | ;

¢ Medi um2: 60%native, 10%wet -
| andsoi |, and 30%sand;

e Medi um3: 50%nati ve soil, 30%
silicasand, 10%net| andsoil, 10%
choppedcattail s;

e Medi um4: 50%nati ve soil, 30%
sil i casand, 10%net | andsoi |, and
10%gr eenwast €,

¢ Medi um5: 50%nati ve soi |, 30%
silicasand, 10%wet| andsoi |, and
10%coi r; and

¢ Medi um6: 90%si | i casand, 10%
wet | and soi | , and 5 nmol sodi um
adde

Resear chont he bi ogeocheni cal
behavi or of sel eni um nanaerobi csoi | s
reveal edt hat sel eni unreducti ongen-

eral lyfol | onsthesequential reduc-

tion(i.e. increasi ngoxi dation-reduc-

tionpotentia (P of di ssol vedoxy-

gen, nitrate, nanganese(lV), and
iron(l11). Sufatereducti ongenera ly
fol | ows sel enat eand sel eni t er educ-

tion(Msschel eynet. al ., 1991). Gn-

sequent |y, fi el dneasur enent s of DO
and CRPweretakendailytoesti-

nat et heonset of reducti onand de-

t er m ne when sanpl i ng f or | abor a-

toryanal ysi s woul dbegi n.

The col unns wer e made out of

6-i nchdi anet er pol yvi nyl chl ori de
(PVQ cut to5-foot | engths. Labcock
val vesinstal | edi nt hebot t omof the
col unms ver eusedt ocol | ect sanpl es.

S xdifferent detentiontineswere
exani nedf or t he si x nedi anixt ures
under staticconditions. Aseparate
col um was used f or each medi a-

detentiontineconbi nation. Two
| abor at ory sanpl es (st andar d pl us
onereplicate) weretakenfromtwo
separ at e col unms at t he end of each
schedul eddetentionting, resul ting
i n36col unmst hat wer e each sanpl ed
twi ce. The prepared nedi a was
pl acedi nt ot he col unms, above a4”

bot t om ayer of #20filtrati onsand. A
neshfilter was usedt oprevent cl og-

gingof theport.

ERE MESSENGER sl 7



Vet er Qual ity Monitoring

The col ums werefilledwth
nedi a and sour ce wat er on August
26, 2002., nAugust 27fi el dnoni tor-
i ngbegan. Twofi el dprobes were
pl acedi ntotwoof threeinlinecell s
f or measur enent of DOand CRP.
Wat er t enperat ure was al sore-
corded. Duetoverylowfl owrates
observedinthefirst twoned anx-
tures, it wasdeci dedt oabandont hese
col ums. On Septenber 7, nearly
twoweeks af t er t he begi nni ng of t he
experi nent, t he col unms cont ai ni ng
t he f our r ermai ni ng medi uns wer e
drai nedandrefill edfronmthebottom
w thsourcewater. Thedrai nwater
was anal yzedfor theentiresuit e of
| abor at ory par anet ers shown i n
Tabl el. Gficia sanpli ngfor theana
[ytical suiteof paranetersbeganon
Sept enber 9 and f ol | owed every 2
daysfor atotal of 5sanpl i ngevents.

Resul ts

O ssol ved organi c carboni s a
neasur e of t he anount of el ectron
donor avai | abl efor nhcrobi al net abo-
['i sm whi chtendstocata yzethere-
ducti onof el ectronacceptors, suchas
oxygen, nitrate, sel eni um nanga-
nese, i ron, andsul fate. H gurelcom
pares di ssol vedor gani ccarbont odi s-
sol ved sel eni umfor al | of thecal -

Tabl e 1.

Suite of Anal yti cal

Water Quality

Paraneters

(ng/ L)
Tot al

Hydr ogeni on ( pH)
lron(l1)andlron(I11) (ng/ L)
D ssol ved manganese (ng/ L)

Tot al manganese (ngy/ L)

Di ssol ved organic carbon (ng/L)

organi ¢ carbon (ng/L)

Nitrate as N

Nitrite as N (ng/L)
O ssol ved oxygen (DO

D ssol ved sel eni um( ny/ L)
Tot al sel eni um( ny/ L)

Qi fate(ny/ L)

i dation-reductionpotentia (ny)

umms on Sept 7. Nbti cethe general
i nverserel ati onshi p bet ween di s-
sol ved or gani ¢ car bonand di ssol ved
sel eni um i ndi cati ngt hat t hel ack of
sufficient el ectrondonorsinMdi -
uns 5and6contributedtotherel a-
tivel y hi ghdi ssol ved sel eni umcon-
centrationsi ntheeffl uent.

Sanpl es taken fromSept 9
t hr ough Sept 19 wer e anal yzed f or
theentiresuiteof anal ytical param
eters. Thefirst sanpl esanal yzedre-
veal edt hat Medi uns 3and 4 al r eady
hadef f| uent sel eni unconcent rat i ons
| essthanthel aboratoryreporti ngli nt
of 5ny/| (theseresul tswereshown
for di scussi on purposes onl y; any
val ues report edbel owt hereporting
linit arenot consi deredtobethetrue
val ue). DO ssol vedsel eni umconcen-
trationsfor eachcol um of each ne-

di atypeareshowninH gure2. Note
that al | of thecol unms haddi ssol ved
sel eni umconcent r at i ons bel owt he
reportinglimt onthefinal sanpling
date(Sept 19). Aninteresting phe-
nonenon observedi nthesedatais
thesi gni fi cant reducti oni ndi ssol ved
sel eni um nt he second sanpl e (r ep-
I'icate) takenfromacol umas com
paredtot hefirst sanpl e(standard) .
Thereasonfor these“di ps” i ncon-
centrationsisundetermned. How
ever, itisspecu atedt hat t heser educ-
ti onsareduetot heunevendi stri bu-
ti onof el ectrondonor and/ or nicro-
bi al popul ati ons causedbyrefilling
t he col urms fromt he bot t omwi t h
sour cewat er on Sept 7.

Noti cethat t he sanpl es t aken
f romMedi um6 on Sept 11 and 13
had sel eni umconcentrat i ons gr eat er

10.0
mm DSe -DOC
Source Water: 90 r

DSe =17.7 ug/l 80 4
§> 7.0 - Laboratory
-~ reporting limit
IS .
3 6.0 -t forselenium
5 Vv
B 50 = ==t= =
K]
= 40 +
o
@
a 30 +
20 +
1.0 T

Media (Columns Averaged).

250.0

+ 200.0

r 150.0

+ 100.0

Dissolved Organic Carbon (mg/l)

- 50.0

Source Water:
DOC=8.1ug/

OO0\

Figure 1. Dissolved Sel eniumvs D ssol ved Organic Carbon
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Figure 2. Dissolved Selenium Concentrations for Each Column for Each Media Type

thant hesourcewvat er. Qe possi bl e
expl anati onf or t hese el evat ed con-
centrationsi stheinfl uent vater tem
porarily oxidi zedsel eni umt hat had
beenr educed and sequest eredi nt he
nedi aprior todrai ni ngt he col unms
on Sept 7.

To exani net he sel eni unr educ-
tionrecoveryrateof eachnedi atype
t hedi ff er ence bet weent he aver age of
the Sept 7concent rati ons andt he av-
erage of t he Sept 9concentrati ons
rel ativetothedifferencebetweent he
exi stingconcentrati ons(Sept 7) tothe
newsour ce wat er concentrationare
showninthe Tabl e 2. As canbe seen
fromt he tabl e, Medi um3 was t he
| east af f ect ed by t hei nundat i on of
sel eni um | aden oxygenat edwat er s.

D scussi on and Goncl usi on
Theresul t s of thecol unmst udy
i ndi catethat Medi um3 (50%nat i ve
soi |, 30%si | i casand, 10%net | and
soi |, 10%choppedcattai | s) and Me-
di um4 (50%nat i vesoil, 30%si | i ca
sand, 10%wet| andsoi |, and 10%gr een

wast e) aret he best sel eni um reduc-
i ngnedi am xt ures of thefour ul ti-
nmat el ytested. The hi ghdi ssol ved
or gani ¢ car bonobser vedi ntheeffl u-
ent of t hesetwo nedi aas conpar ed
totheother twoisthenost |ikely
causeof thequi ckreductionindi s-
sol vedsel eni unrconcent rat i ons. Qrer
| onger peri ods of time, Medi um5
nmay begi nt o have hi gher di ssol ved
organi cnatter ast he coconut fi ber
(coir) breaks down, resultingin
great er sel eni unreduction. Medi um
6hasthepotential of bei ngavi abl e
sel eni um r educi ng nedi umi f nor e
acet at e wer e added. The nass of
acet at e t hat was added t o Medi um6
was based onesti nat es of t he amount

of bi cavai | abl ei roni nthesilicasand
and ot her el ectronacceptorsinthe
sourcewvat er (i.e. DQ sel eni um and
nanganese). The concentrati ons of
nanganesei ntheeffl uent rel ativeto
theconcentrationsintheinfluent i n-
di cat et hat al ar genass of nanganese
nmay be present i nthesilicasand,
whi chwas not accountedfor, that
ef fectivel y “consuned” t he sral |
quantity of acetatethat was added.

Recommendat i ons For Furt her Re-
search

Basedont heanal ysi s of there-
sultsof thecol ummexperinentitis
r ecomnended t hat Medi um3 be used
for further studyinthefl owt hrough

Table 2. Percent increase in dissolved

sel eni um
Vedi a ConcentTar I ons T el gr t veToS0Ur CeVar gr . 6
% ncreaseRel ativeto 0 0 0 0
New Sour ce VGt er 8.2% 32.1% 120.2% 32.6%
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nesocosmexperi nment. The green
wast e m xt ur e had conpar abl e re-
sults, but itisnot asfavorabl edueto
thevariabilitythat nunicipal “green
wast €” nay have (i . e. coul dbegrass
clippi ngs, woody debris, | eaf litter,
etc.). Aso, “greenvaste”’ hasthe
potential of containi ngundesirabl e
chenncal s suchas pesti ci des and her -
bi ci des. Further nore, Medi um3had
| essof aresponset ot hei nf | uxof fresh
sour ce wat er t han Medi umd4, i ndi -
catingthat it isabetter cand datefor
t he f | ow t hr ough nesocosmexperi -
nent. It isbelievedthat theaddition
of acetat e, aswas usedi n Medi ums,
may be useful if, duringthe
nesocosmexper i nent, di ssol ved or -
gani c car boni s obser vedt odecr ease.

Several | essons | earnedduri ng
t he col umm experinent | eadtothe
fol | ow ngrecomendat i ons:

e Performhydraul i c conductivity
andeffectiveporositytestsof the
nati vesoi | stoensuret hat adequat e
flowrates andvol umew | | be
avai | abl ef or sanpl i ng.

» Measuret hehi oavai | abl ei ronand
nanganesei nthenativesoil sand
sandsoanoreaccurateesti mate
of t he anount of el ect ron donor
neededt or educet hei nf | uent sel e-
ni umconcent r at i ons canbe cal cu-
laed

* Includeadi ssol ved oxygen sam
plingport that gi vesadi rect nea-
surenent withinthesoil natrix
rat her thani ntheeffl uent.

» Increasethefrequency of sanpl i ng
and/ or nunier of sanpl estoesti -
nat er at es of geochenical trans-
fornat i onsor ot her trends.

Ref er ences
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EDUCATING PROFESSIONALS

IN
CONSTRUCTED WETLAND
TECHNOLOGY

-nr-
“..ISN'T A SEPTIC LEACHFIELD JUST A VEGITATED GRAVELBED... 2"

by

Daryl Van Dyke
G ad S udent i nEnvi ronnent al Systens/ | DT

-I-hi s past May, t he 2002 Con-
st ruct ed V¢t | ands Vér kshop
dr ewacapaci ty crowd of pro-
fessi onal srepresenti ngnanyfi el ds,
countriesof origin, andst akehol der
interests. Aracti ci ngengi neers, vast e-
wat er treat ment pl ant mangers,
wast ewat er treet nent pl ant oper a-
tors, bi orenedi ati onprof essi onal s,
andr epresent at i ves of publicand
privatew | d ifeandconservationin-
terests canetoget her onthe HSU
canpustointeract withDr. Bob
Gear heart andi nvi t ed speaker s.

The wor kshopwas set for three
days, andwewerefortunat et ohave
an unseasonabl e sunny and war m
ear | y Hunbol dt surmer. Qnday one,
after coffee, juice, andsone of
Barbara sdel i ci ous sveet - breads, Bob
was ontopfor overvi ews (bot hhy-
drol ogi ¢ and bi oti ¢) whi ch segued
i ntodesi gneriteria Bytheafternoon,
various voi cesthat sharedinterests
or poi ntsof viewcul tivatedadi a-
| ogue ont hedesi gnandi npl enent a-
tionof constructedwetlandsto
achi eve arange of ecosyst emand
vast et reat nent benefits.

Bob fi el ded a wi de r ange of
guesti ons about vari ous f acet s of
wet | and and convent i onal wast ena-
ter treatnent, respondi ngw t hchar-
acteri sti c know edge, candor and
hunor about ecol ogi cal functionat
thecent er of wet| anddesi gn. A one
poi nt, adi scussi onof fiel dapplica
ti onfor adsorpti onandinfiltrati onas
adi sposal / rechar gest rat egy veered
towar dsepti cl eachfi el ddesi gn; Bob

not edt he connect i onand st eer ed us
backtot hei ssueat hand.

The pr ogr ami ncl udedt al ks by
(EREal uns) LauraKadl ecikandEi c
Strecker onstornwat er treat ment
appl i cati onst oconst ruct edwet | ands,
and (EREal un) M ke Wl sonleda
tour of t he Potawot | ndi anHeal t h
M | | age st or nmat er wet | and syst em
Fel | owEREal umGeor ge Vél | er di s-
cussedt hesel ecti onof pl ant speci es
for wet| and construction. Yoci el
Mar r er o Baez f r omQuba gave an edu-
cational account of pursui ngecol ogi -
cal reactorsinaperi - ur ban Havana.

By dayt hree, theat nospherein
thehal | wasfriendlybut focused.
Fol kshadsettledintotheir spotsin
theroomandwewerereadytotal k
wet | ands. Bob Basti on of t he EPA
fini shed upw t haudi ence questi ons
ontheregul at ory aspect s of wet | and
i npl enent ati on, pul I i ngtoget her a
I'i st of questi ons and concer ns and
distillingthereasonsbehi ndt heregu-
lations. Several fieldtripsenpha-
si zedpoi ntsthat desi gncriteriaand
plotsof nitrogendistributi onscan't:
wet | andsashabi tat, wet | andsaswast e
treatnent andrecreational areasi-
mul t aneousl y, and howour wet | ands
i nterfacew thnuni ci pal Acatafl ons
i nt ot he surroundi ngwat er shed.

The wor kshop concl uded wi t h
agroupphoto. The crowd di sper sed,
vi si ons of bi rds and suspended/ at -
t ached i crobi al communi ti es danc-
inginour heads. Vwon't | ook at a
nar sh or awast ewat er treat nent
pl ant i nt he same way agai n.  ERESA



o continued frompage 4

per week. I naddition, t he nane of
ERE el ecti ve cour se ENGR421 has
been changed, from"Conput ati onal
Met hods |11 t o “ Conput at i onal
Met hods | V. ” The newcour ses cover
essential | ythesanetopi csastheol d
cour ses, but thematerial has been
substanti al | yrearranged.

The pri mary pur pose of t he
changei stoseparatelinear al gebra
andordinarydifferential equations
sothat eachcanbetaught withthe
pr oper prerequi sitesat theright | evel
of sophi sticationandat theright ti ne
i nt he sequencew t hot her BREngj or
courses. It wll al soa | omustobetter
i ntegrateenvironnental resources
engi neeringapplicationsintothe
teachi ngof differential equati onsso
studentsw || bebetter preparedto
usethenaterial i nlater BREcour ses.

Tabl e 1 shows howt he new
ENGR225, 325, 326 “ Conput at i onal
Met hods” seri esi s sequencedw th
ot her key EREand Mat h coursesin
t he EREnaj or curricul um MATH
115“ Al gebraand H enent ary Func-
tions”isnot required, but i sincl uded
because nost BREst udentstakeit to
preparefor cal cul us.

Tabl e 1. Sequenci ng of ENGR225,
325, 326 wi t h key ERE and Mat h
cour ses i n EREngj or
Senester 1 Senester 2
MATH 115 MATH 109
ENGR 115 ENGR 215
ENGR 225
Senester 3 Senester 4
MATH 110 MATH 210
ENGR 210 ENGR 211
ENGR 323
ENGR 325
Senester 5 Senester 6
ENGR 313 ENGR 333
ENGR 326
ENGR 331(Q

The NewERE Curri cul um

H gur e 1 shows t he newr equi r e-
nents for the EREngj or, ef fecive
Spri ng 2003. Changes areinbold
print. ERESA

ENVI RONMENTAL RESOURCES ENG NEERI NG

Requi renent s f or t he Myj or

Anm ni numgrade of G isrequiredfor al | courses. Engi neeri ng cour ses may not be

repeatednorethantwoti nes.

LOVER DI VI SI ON

MATH 109, 110, 210 Gledusl, I, 111 444
CHEM 109, 110 General Ghenmistryl, |1 55
BIOL 105 Frinci pl esof B ol ogy 4
PHYX 110 General Physicsl | 4
ENGR 115 IntroductiontoBRE 3
ENGR 210 Sol i dMechani cs: S atics 3
ENGR 211 Sol i d Mechani cs: Dynami cs 3
ENGR 215 I nt roduct i ont o Desi gn 3
ENGR 225 Conput at i onal Met hods | 3
UPPER DI VI SI ON
PHYX 315 H ectroni clnstrunentation 3
ENGR 313 Syst ens Anal ysi s 4
ENGR 323 Probabi | i sticAnal ysi sof BEnvi r Syst ens 3
ENGR 324 Envi r Moni t ori ng &Dat a Anal ysi s 3
ENGR 325 Conput ati onal Met hods | | 3
ENGR 326 Conput ati onal Met hods |1 1 3
ENGR 330 Mechani cs &Sci ence of Miterial s 3
ENGR 331 Ther modynam cs & Enery Syst ens | 3
ENGR 333 H ui d Mechani cs 4
ENGR 330 Introducti ontoVdter Qual ity 3
ENGR 353 Envi ronnent al Heal t h Engi neer i ng 3
ENGR 410 Envi ronnent al | npact Assessnent 3
ENGR 416 Transport Phenonena 3
ENGR 435 Sol i d Vast e Managenent 3
ENGR 440 Hydr ol ogy | 3
ENGR 492 Capst one Desi gn Pr oj ect 3
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