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Physics Today, Sep. 2006. Radioactive waste in JAEA

Science-based cleanup
of Rocky Flats

David L. Clark, David R. Janecky, and Leonard J. Lane
featur L
,I. e chemical and p Ksn:u interactions of radioactive compounds are key to
arricie understanding how they can contaminate the environment and, more
importantly, how best to remove them.

Figure 1. A 1995 photograph of the Rocky Flats Environmental Technology Site shows how industrial the region had
become as a nuclear production facility, with more than 800 structures built on 1.4 square kilometers, surrounded by 24
square kilometers of open space. The inset shows the sume area in October 2005, after remediation.
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y-ray energy (MeV)
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R. Hajima et al., J. Nucl. Sci. and Tech. 45, 441 (2008).
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M. Yamamoto et al., “200 keV Polarized Electron Source for Linear Collider”,
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LRITE

75
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17MeV-ERL for a high—power FEL at JAEA

17MeV Loop

2.5MeV Injector

.

2.9 MeV injector consists of 230 keV thermionic cathode gun, 83 MHz sub
harmonic buncher, and two single—cell 500 MHz SCAs.

17 MeV loop consists of a merger chicane, two five—cell 500 MHz SCAs, a
triple—bend achromatic arc, half—chicane, undulator, return—arc, and beam dump.
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BHZINER DD HAHRIZDODWNTEZ S, x,y AR DEFH AIEXIL., FAHENZINER HEFRIHE
#Ek(s)ELT

'+ ke(s)r = 0 (2.84)
Keyls + S) = Hw_y[.w} (2.86)
Y+ ky(s)y = 0 (2.85)
(2.84) DRI, FHAE (xo. X" JIKENILFELND,
x(s) = axg+ bxg (2.87)
T'(s) = ecxg+dx; (2.88)
75X TERI & pe el
X(s) = rj( °) ) = 1f[-.‘.-;[].:l}1(‘s(]ll
\ ='(s)
_ ( iz b ;i"{{.‘i(]jl [259]
\\. i ”7 I [."'i[J:l
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HEITHDEREFEXZERE

MX = )X (2.90)
arg + br), = Axg (2.91)
erg +dry = Arg (2.92) AR
M—_Aa+d)+ (ad —be) =0 (2.93) w3 ELDHD
MODITIIRIXEIC1EHBTEERT, (2.84)D2 D DfEZEU(S) V(s)ETHE, OVAEFTUIL
. u(s) v(s) ; )
Wis) = = u(s)v' (s) —v(s S
()= v oo ‘ () () = (o)l (5)
i (2.94)
(2.84){E>&
dW(s) " p . . _—
= u(s)v (s) —v(s)u (s) =0 (2.95) AVAXTUEE—FE
PIFMNs1MEs2(ZFET HE
w(sg) v(s2) ) _ o [ ulsn) vlsy) OVRFFUIE—EHDT,
u'(s2) v'(s2) u'(s1) v'(s1) MDITHIR X145,
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(2.93)I1% M -MNa+d) +1=0 (2.99)
COS T = %{El +d) = %T‘lﬂ-f (2.100) EEET HE
(2.99)DfE (% A = €%, Ao = e @ (2.101)

MZCZRWTRT =M. INFA—F—0 ByERDELIIEET B,

a—d = 2asing (2.102)

b = Psinc (2.103)

c = —7ysino (2.104)
A sp g ~ COST + asing 1’ sin g
BEITHIE M = . .

\\ _”:l' S1I1 CF COSs 0 — ¥ S111 «F /P
(2.105)
EEZMz5HE M =1TIcoso+ .Jsine (2.106)

[ e I S (2.107)
0 1 —y —a
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MOTHIRIF1 DT, By—a? =1 (2.108)
EHEL T HEEHEZU)ET HE. 1RHERIE

u(s + 5) = e u(s) (2.111)
u(s)Z B HARIHZ(S+s)=2(s)E FALNT  u(s) = 7%/ Z(s) (2.112)

Z(s) = |Z(s)| €4 = w(s)e®) (2.113)

EB<E 1121F u(s) = w(s)e®),  P(s) = J% +é(s) (2.114)
Bl HEL= A5 T BEE#EEV(s)ET HE
v(s) = w(s)e () (2.115)

Q8HDIEZLRIL(2.114)EQIISDBHEE TRSN.,

r(s) = Aw(s) cos[{(s) + g (2.116)
W9 dL x'(s) = Aw' cos(v) + 1) — Awt sin(y + 1y)
(2.117)
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o

SR I L '(s) = A" —wi')cos( + )
—A(2w'Y" + wi") sinlY + o)
(2.118)
(284)IK AT BL (W — V"w + Kw) cos(¥ + W)
— (2’ + "y sin(p + k) = O
(2.119)
LTOYIZDNTHEYIDIZIE, @ — Y wtrw = 0 (2.120)
2" 4wy’ = 0 (2.121)
2120%HEHTBHE w(s)*'(s) = C (2.122)

CIZIEEHLD T, C=1ELT2.122)%(2.120)I2fX AT B E

1
W+ = — =0 (2.123)
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s 1EHIR Ds+SIZHITHEZEIE T(s + 5) Aw(s) cos[i(s) + o + 1)
= Aw(s)cos[th(s) + 10| cosa
— Aw(s)sinfi(s) + | sin o

(2.124)
sV 1EHAR Ds+SIZH (TS EE(L '(s+5) = Aw'(s)cosli(s) + | coso
—Aw(s)"(s) sin[t(s) + dn]cos o

—Aw'(s) sinf[Y(s) + ] sine

z(s) = Awl(s) CDS:EI"{“"] N 1":'1”: (2.116) —Aw Ii,ﬁ.‘]l-tl-"."'{: *-.} Ci0s [L'c:ajl — ?;'J[}l Sin o
r'(s) = Aw' cos(¢ + thp) — Awy) sin(¢) + 4p) (2.125)
(2.117)
(2.116)EQ DX (s)E TR . (2.124)E(2.125)HDX(S+8)E R T . D2 DEHESEIETTHI &
) coso — *“—F, sin o sing
M= LN A
— ('L;'-' + T'Fj SINT COST + -ﬁ;! SIN 07
(2.126)
T CcoS O + asing 1’ sin @
(2.105) LB T B & o —Asino COS T — asing
(2.105)
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o = ——— = [212?]
l*"i (s) = Aw(s) cos[th(s) + o] (2.116)
i = F — ;*':? (2.1 25,] x'(s) = Aw' cos(v + ¥g) — Awtd sin(y + )
(2.117)
PSS S S (9199
= YT T T w2 \2-129) w(s)2'(s) = C (2.122)

(2.116)EQ UM =ZABEMEI R ZEL., (2122)ZFALV\5E

r?
— + (wz’' —w'z)? = A? (2.130)
(2.127), (2.128). (2.129)Z% L 5 &
12 + 2dzx’ + Fz? = A2 (2.131)

213NFBEAZRIT AT, BIRCIEESIE0.fTRESD, 0 BlFoTRFEY. oA FICHEDEZRED,
AlFHIFIZE->TEL D, RICATELZ Dy, DHFIXRICEALIZHFRET 5. RRDAZAVLT D&,
ETOHAFIIEBA IDEARNIZEET 5. COEEE

Ajm = egm (2.133)
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213)EETHRRT HE X',
xDERKIEE X'max=\l¥
rm(s) = \eaBls) = Varwls)  (2.136)
W'+ K — L =0 (2.123)

3

(2.136)%(2.123)ICHX AT B &
E—LIoAO0—T7NOH

H b2
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FEFE—LDIRILE—TIER
fEERF=TIVEUR

en = frye (2.139)
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EERDBFENSE—LA—HABRICHTEIBEEEZ S,

fl
BARSHEYDRHFHRIE N = / 2mrn(r)dr (2.43)
o
T f:/ 2rrn(r)cH(r)dr (2.44)
J0

MREE LGV E0)EDEL. AV RADEEEZFE->TrAMDEZERDH DL

v
. ( . _ )
E, = ; rn(r)dr, r<a, (2.45)
co” Jo

(2.45)IZn=N/(na2)&Z X A9 B &
Ng*

: £
Zfﬂ‘ﬂj

qE, = r (2.62)

NN 2FEIF—0HO02008, Sep. 4™ 2008



e

BEHIFEICLHDARED HEKD S, Maxwel FFER KU

V x B = upd (2.63)
2B M D EREEINICERT HHIS IS LR, AR ELRE TMaxwel TFEERZRDHDE

]' @f [n’ 1'.‘3[]' = IH.:].)FI::'F’} I':::.}Erl}'

AL, J)=Ngfc/(ra)Z X AT H&. BERHIGIE

- l‘i‘l
B(r) = B[ +10")ar
rJo
~NaBer ;
— HLJE f.-_,” ILE.EI--G}
mi~

Biia. EEbcDMTFITHT 5 E B SENAEOA—LUYADKESE [ No'r/2ma’s

(262)CELEDOEDEARDEEFHFERIL

2ur | (g e
p—— _ .. (2.66)
VITL T = — e " )
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