Design Challenge: Kirtland Airforce Base Jet Fuel Spill 
Introduction
The jet fuel spill in Albuquerque, New Mexico at Kirtland Air Force Base occurred in the Bulk Fuels Facility located in the northwestern part of the base. The facility operated between 1953 and 1999. Within this period, the fueling area was separated into two areas: one designated to be a tank holding area where bulk shipments of fuel were received, and the other was a fuel loading area where fuel trucks would be refilled. The Bulk Fuels Facility was no longer in service when an underground leakage of residual jet fuel was identified in 1999 between the storage tank and fuel loading area. The leak was due to corrosion of the underground delivery pipes[1].

Research conducted between 2004 and 2007 revealed that the leaked fuel had reached the groundwater table. The leak has a tremendous effect on the surrounding community. If the groundwater were to not be treated on time or be left untreated, ethylene dibromide (EDB), a suspected carcinogen in the jet fuel would reach surrounding communities. The ingestion of this chemical may lead to depression, reproductive malfunctions, and fetal death[2]. 

Currently, engineers at the base are attempting to remediate the situation by building monitoring wells in neighborhoods surrounding the base to gauge the course of direction of the fuel and how far the fuel has traveled. These wells utilize pumps to draw samples of water which are then transported back to the treatment facility to test if EDB is present. The drawback to this technique is that the drilling and pumps used for pulling the water from the ground cause noise pollution that disturbs the surrounding communities. 

Your goal is to design a way to detect the fuel spill, contain the fuel spill, map out water and treatment locations, and remediate the contaminated soil and water. This challenge will apply principal concepts in chemical engineering, including fluid mechanics and mass, energy, and force balances to a real-world problem. As an engineer, you must adhere to multiple constraints including legal, community, and design constraints. You will have to consider how to design devices that will allow for water collection and sampling throughout the city without disturbing the community and how to design a fuel delivery and storage system that follows set parameter constraints.

Student Learning Outcomes
· Apply engineering Bernoulli's equation to relate pressure and velocity changes, calculate the exit velocity of a fluid through a tank/pipe, and estimating the time it takes to drain a tank. 

· Apply Reynolds theorem to solve a variety of engineering problems such as fluid drainage from a tank.

· Utilize Navier-Stokes and continuity equations to describe the motion of jet fuel leakage and determine the horsepower required to transport the jet fuel.

· Apply control volumes and boundary conditions based upon the constraints of the problem.

· Utilize the Moody chart and Reynolds number to determine head loss.
Project Roles
All members of the team are responsible for all information, and every member should participate in making design decisions. Team members’ responsibilities could be broken down to:

Project Manager: 	Responsible for developing group action plan and keeping group on task. Organizes and submits deliverables. Monitors team’s shared understanding of project. Ensures that team members have the information they need to be effective in their roles.
Environmental engineer: 	Oversees research on the problem, including the impact on natural and human resources. Communicates with team members to ensures that water treatment facilities and wells are placed along the appropriate property lines to avoid disruption of the community and the environment. 
Chemist:	Oversees research on jet fuel components and which components in addition to ethylene dibromide may be harmful to the surrounding human and animal population and which compounds are detrimental to piping and storage materials. Coordinates with team members to determine what kind of material is needed in the design to prevent jet fuel from leaking and what further chemicals in the contaminated water will need to be removed.
Chemical Engineer: 	Oversees delivery piping and storage tank design. Responsible for creating a design that can prevent future leaks, including better containment and swifter detection of leaks. Coordinates with team members to design a system that contains appropriate materials, is safe for the environment and the community, and is legally sound.
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Problem 1 – Week 1
Imagine you are a newly hired Air Force engineer working on Kirtland Air Force Base. You have been tasked with a few of the design elements for the jet fuel storage tank system. You have a 30-ft tall cylindrical tank with a diameter of 15 ft, which has been filled to 20 ft with Jet A (ρ = 6.71 lbm/gal).
(a)	Calculate the hydrostatic pressure at the bottom of the tank. Give your answer in psig.
(b)	Calculate the total force exerted on the vertical walls of the tank due to hydrostatic pressure. Give your answer in lbf.

Problem 2 – Week 2
The Kirtland AFB leak is responsible for spilling an estimated 24 million gallons of jet fuel over a 45-year period. Imagine you are tasked with replacing the faulty fuels facility. Do some research to answer the following questions (Make sure to cite your sources):

1. What year was the faulty KAFB fuels facility built? What kind of spill prevention and detection technology existed at that time? 
1. When and how was the KAFB leak initially detected? 
1. What was the initial cause of the KAFB leak?
1. Why did the leak go undetected for so long?
1. What kind of fuel spill prevention and detection technology exists today (study the technology used in gas stations)? Which technologies should have been implemented at KAFB?
1. How does modern spill prevention and detection technology work? What kind of information does it produce?

Problem 3 – Week 3
Suppose you are the operations manager for a jet fueling station on an air force base. You have just received a shipment of 200,000 gallons of jet fuel, which equally fills two above ground tanks measuring 30 feet in height and 30 feet in diameter. The two tanks are NOT connected. One of your employees informs you that he has discovered a small corroded section 5 feet above the bottom of one of the tanks. Each tank has an outlet pipe located at the bottom of the tank. The outlet pipe is 3 in in diameter. You first decide to do a rough calculation for the amount of time it would take to drain the tank to 5 feet above the bottom without the leak.  The purpose is to indirectly detect if the corroded section is leaking. That is, the drainage time would be less if there is an actual leak.  Assume the tanks are open to the atmosphere, and the leak would have a negligible impact on the flow rate out of the outlet pipe. 

Problem 4 – Week 4
Sludge is being pumped directly from an underground source at 200 lbm/s through a pipe with a radius of 4 inches. It flows through into a joint which directs the sludge into one of two tanks. Tank 1 is 10ft tall with a 3ft radius and Tank 2 has a volume of 2,250 gallons. Assume frictionless, steady-state flow. Sludge is comprised of mostly water with density 62.4 lbm/ft3.  
1. Assuming even distribution of flow, which tank fills first?
1. What force would be required to hold a T-joint pipe fitting in place? 
1. What force would be required to hold a Y-joint pipe in place as depicted below? 
[image: ]
1. Which type of joint would be more practical for use and why?
Problem 5 – Week 5
One potential method for remediating the EDB and other toxic chemicals from the groundwater is by pumping the water out of the ground using a well, treating the tainted water and pumping it back into the ground. While expensive, it may represent the only feasible remediation method available.
[image: ]

(a) Assuming the flow in the pipes is laminar, draw and describe the expected velocity profile inside of the pipes.  This is qualitative description. 
(b) The contaminated groundwater is 52°F. What is its viscosity and density?
(c) Look up the velocity profile for laminar flow in pipes. The pipes in our system have a 5.5 inch inner diameter and if Vmax is 1.6 ft/s.  Calculate rz.  That is, what is the shear stress that is applied at the pipe walls? 






[image: ]

[image: ]
image1.png




image2.png
Ground Level

Remediated Water

‘Contaminated
‘Water

‘Water Table





image3.png
BeES= R L s Albi Article on Scott Clark AFRL Civil Engineer August 1- 7 2019.pdf - Foxit Reader B =
B tome  comment  View  Fom  Protect  Share  Comnect Hep  Bxtrs Q) Telme whatyou want to do.. O @ [Fnd Pl
Start. Albi Article on Scott Cl... X M
’ B
D NEWSCITY oy JoswuaLee NEWS | ON ASSIGNMENT
- o Fuel Spill Committee Part III
Pt e e The US Air Force Responds
= e ottt b
= oy B AUGST ARCH
a P LI om 250 ¢ the . o el
b e v et ot e e
= i an ntarviews 4t KVIA i €] Pasc Tl research project was because | was reading
i g oyt | bt it remnione il o
s Yok o dege | ks s whte i e B
oo aveypes | B iaen Hor St Comiet P T
ey el . e
50 pmeck n sedo dhgpes 1 10
e g vl
o o ing oy o he e
° T e LT Y g o of o e e
e oo et | B o s et ngcan o he
vt Doy Sy St | e ks vt e b
a e [ ot e
————— B i i
g i h G i e s
P by ks o |
A White Case Coud B Disnissed ekl st s
D YT Wit
e Cormietind | el e 2
i e Aoeesigrit now i e el e 11 i o itnd A o o roate st oy
ey oy it s e = 1 s
e ol e e N v et e
Rnasssuveenedg Wi Tootemar” | vidh e clnome pkre. Afer Ve Ay bk ek end b e oremier pmwede L
et aarsredsaneo e bt | il e econd i s ek, ek Toe Ak e bl ook Kok D L Thr v e
e el I T S e A e
el i e by ol e Souh ¥ g i R o)
Oty Pt he SIS e no S e v
ety make s e mnce ke b7 e ke ok Wil s e, concention
s ks o coml o e e s The b Kaher o
4 Lo e S Reren P 12 th chaicl et o
[ —— Nk ot T s b s of
Brosmcuas v e et A, 210 | rcdes hat ebylne dibromide—one o he Y the Ofc o e Deen ko the b,y v e The
s | v el SR AT S T e
foruard wih the case. was ot nearly s dangerous as has been Envrisonment, Sefety and Infratructure, SCort 4y, b the clean-up standard i 05 parts
poctaped That pecs lowed 9 wih (k. one of the lenisfrom the A Force Uk G SRR O LB
9 o ol shente el CrilEngne o e e
Blction Changes Challeged B e T iy M Dol New Mk 3, 1 i ot
e i i st 41 U e = et Dt PRI ikl Hiloe? et Syt L
ooy =TT il LR i i et
T et B e e et s ol g come ey iy v e v e, B il
1 e T e on the pthofurer invtiguion. e ey s = i
e dectondmsbrbochlromectors. | iy the vies capresed it i parc CreDbr fom SWOP a Voies o e e 680 il gl
e e & |4 Chdren s wll s reresenatves o che ol el e s 150 g of EDB.
s = ey Warer Auhork ding. Titcle down there
e T vt o i ot
S0P the i e i ™
e dy U A o Wht st v cracen s e
Bt ol e e I n e docmen e et i
ot wen | ot o Pl Af ey compln i et o o e e, We
bt v ol s s e el e e e
_ e ek g Weckly AR Kt v spohante 0t 1 st s dpcid v
bbb 2022 Cronbras TenmentFcli, vt folkt okt o e D] Pk 0 o he B e v
e Lt ey e e e et et o the e eghbood.
e = T 480 oy ol v e et

1/2 Iy on o BHBEE nu% O——O

20PM
H P Type here to search 5/19/2020 B





image4.png
GBeHEEH by s

Start Albi Articke on Scott O

nt View  Form

Protect

x

Share

Connect

Help

Extras

Al Article on Scott Clark AFRL Civi Engineer August 1- 7 2019.pdf - Foxit Reader

NEWS | ON ASSIGNMENT

[T P a———
el . W pllc apns o the e
it st s ewedthem. The vaps 3

A then e gone. W' emoved s
Civlen of 15000 o of el wing thar
oce I sh nteriew with SWOR thy

e lking bt ol onamioatin f the
e The only plce that eves ey exd
e the s ling . n 19, we

. st e e o h oy
o they had ks i . There wae
ey o ek there e we ok e 5000
ot o sl s ok sht 1 pprpeste:
i Thresnever been sy ches -
ot ot ok

i he e, Thin, we bulcs st he
ystem vhere everyhing s gound e
1 lned renchen Itk npectabe

Alot ot peope have coma o betieve that
hare' s aasive srountof ool ancother

[ B —————
heres 14 o o tha e sl |
‘e ot 24 o oo, We don' know
e e et e el md he
e of ek made ety b 0 colciote
i il sl o el were sl W
04 v ome s where we hd some fse
duce i th vt b when e it

vagor cxracion, e s wed  procen
sl oo to ekt . v

Sorkad o pejos i e M whar we

oncentruons o EDB— oeves coh
rocre vpon s ey e
Whatsreiy theesue, then?

Sometmen, 1k e st o

bl prscacion and out skehokir

metings, we've ke shout his Somtines
' Know whese tht minformarion
g o, Al ve cando e

{nkomacin. Ther o il corsuminat

eneof the contaminacn, 2 el 4 the

w1l 1

And that contamintion o ooty on Base?
Al of s Bulhed Ptk W
ooty ki core smlen v 0t
et bl 01 wher ol

e i h dyprts b
ot bl s, we vt o whats
o there and i o

Citizen Input
Ao o, Lyemes ks
0 s she sl e, O the way i,

2 o Bernalo oty T Noncy

M. B, ongime paicipant i
el
Commqences. She ok e tht b

etdeny s e st La b

Weekly Albé Wiy did youbecome
Inerested i following i meve?
Nancy M. Bearce: When thi vt e
repoted,my hsbond and e coming
e mecing ince 100t find o
h—— "

el thatwe s coe 0, the R
v th ot e ey s e el

e i e s el beep th

Aty b e s o tew

Menco,all the way fron Pacs t B

00 you think progress s being made i the
remeditionprocens?
ik we— et e thes—scme i
exoueding eghboshond smecintons, el
o 1l sme pecple back i 200
hey e doing ch e they e ok
e il s we e t e
eaning up becus ks ke the
movin. Thacswhen vecalledon

Congramoman, Michele Ljan G
She sl spemhendd o conem and
Lokt clean o we dot hve
v Aty e sl s o e
pecple e s ool ik

et il g cavr il i
atr ot e of ut sl Coe
e with o 2019, and T bl we 4 ghe
e shead

‘The Science

Sol cneedthe watse esment o
Kinkad,  place lledwith ace e e,
o, compotes o i Tk 08
povcation wic ScotClnk, oo of e g

Weakly Al What' the backpround on
s proect,Scor?

St Chke Thi e el low sk ove
Lo periodof i, e ended vppting

he oumbvaas EDB was n v n el
e Lendd el wa pvd ut n 1975, The
EDB wae i Avga, i we s JP-4 nd 5,
Theyv et e e fc 0 Avgs s
maly e i pcpele diven

2015w ot she ikt e
e g 160 praadmstct moiceing vl
W ok e e of e

and b we esldvith

ottt we b sttt
eeeeni flowchanne s why
etk f 0 e Noxth Thepane was
Fllowing tat channel Wht e el i
proupof i e engine—and we
g mpeple o evryuher 0 b
the s s ht e e oput
cme xracion velh righ n the il of e

Pl The e b thephane colloee
e .t the e W dot v
e e

hanne o s
Wit ot the water tabl [vbmmrfnce

i waterl?

015, we have seem e it
We've e’ 15-font e i
i sme s n th cay,which
. B whot e sl

e o epmiom s
e plame. W' smsed the
how of the phomc. Thi extacts

ol It ha st 1 weck quicher 1
hach  bypeodc f e e table g
ot th Eroundvate levrion doa
ndcgroundiakarright?

10 all mixed n with the soil. The thing

a1 his fcontaminacio] i ighter than
water, 20t floas to th sufae intend of
We know where

‘Shouid peopie inthe ity be woried
St g the water i this sres for

el gardans, for drnking and cooning”
No The EDB concenraion r sl low
And EDB i kind of  wendchemical 14

{onlly wcraclabe i dimelve i wte. It
s eadly o

ekt . I et
e cwant o et Thats why
Coneamiman 975 i ill in the
Froundwate net th lesk.

Tharare sl of peeple wha ses the sl
=2 i pubte st e Wy
ey

Vi sy Orgnaly vher
publc mectings, peoplc
i, How g
il e wll it tht i,
e doit know

Iae o will cover 2016
present. We're workingon

o ciisana want tokn

goingon, il hay have

Thart why we had thi pens b, T're

e i s ot ety T

o, peoie e eimacely wored sk
el how you

o We're all vicomentalic s,

i the work e doing. @

A 4272 -

5

- -
B Reduce thefilesize [}

=

30PM

sz B




