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1. 
OVERVIEW 

FUNDAMENT AL scientific advances and technological 
progress occur hand in hand, each leading to and dependent upon the other. We can trace this 
pattern throughout the history of science and technology: New knowledge of the character of 
the natural world leads to unexpected practical outcomes, which, in turn, pemlit new basic 
scientific investigations to be undertaken. Every technological tool of modem science is itself 
based on earlier science. This report is about just such a conjunction of technology and 
SCIence. 

The discovery of the x-ray by Wilhelm Roentgen almost 100 years ago led to the 
development of x-ray devices that permitted us to look through objects that appeared opaque in 
visible light. This led in turn to the development of, among other things, medical x- ray 
imaging, which has been central to the emergence of modern medicine and accurate diagnosis 
in the 20th century. 

One of the early dreams for Roentgen's x-rays was the possibility of using them to 
examine structures microscopically. Our ability to resolve structural features depends 
ultimately upon the wavelength of the probing light. The smallest objects that we can see in the 
light microscope are roughly the size of a single wave of visible light. As soon as it was 
understood that x-rays were a form of short-wavelength radiation, it became clear that they 
offered an opportunity to see objects orders of magnitude smaller than could be seen with a 
conventional microscope. Although such high-resolution x-ray microscopy was theoretically 
possible, various technical limitations, especially the lack of a source of focu sable x-rays, 
erected a barrier that has only recently been overcome. 

There was, however, one way to avoid the barrier. Light scattered from an object can also 
provide structural information at a resolution comparable to the wavelength of the probing light 
beam. Based on this fact, W. H. Bragg, in the early part of the 20th century, developed the 
technique of x- ray crystallography to deduce structure at the molecular and atomic leve l. In the 
19405, Dennis Gabor added a 'new method that also uses the diffractive field- holography. In 
holography the image of an object can be wholly reconstructed from the light it scatters, and if 
short-wavelength x-rays are used, it is possible in principle to carry out holography at a 
microscop ic level, seeing inside whole objects at high resolution. Here too, however, a 
suitable source of x-rays did not exist: True x-ray microscopy remained an elusive goa l. 
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LOOKING AT LIFE IN A NEW LIGHT 

For more than two decades, lasers have dominated the visible and infrared regions of the 
electromagnetic spectrum. During this same period, the most powerful sources of x-ray and 
ultraviolet radiation (collectively, the XUV region) have been synchrotron light sources, where 
electrons circulating in an accelerator at relativistic velocities emit light as a by-product of their 
motion. Missing so far in the XUV has been light with many of the useful properties that are 
associated with the laser-the very properties needed to fulfill the goal of x-ray microscopy. 

In essence, the Advanced Light Source (ALS), now under construction at the Lawrence 
Berkeley Laboratory, will provide such light to the experimental scientist (Fig. I-I and Table 
I-I ).1 Though not a laser, the ALS will offer researchers laserlike radiation of unprecedented 
brightness at ultraviolet and soft x-ray photon energies. Following its completion in the spring 
of 1993, biologists can hope to examine dynamic processes in living cells, chemists will be 
able to study chemical reactivity at a new level of precision, and materials scientists will tackle 
questions that can lead to new generations of semiconductor devices. Indeed, because 
specially designed "third-generation" synchrotron light sources such as the ALS are unique in 
producing such light, plans are afoot around the world to build several similar facilities. In 
addition, in the U.S., the Advanced Photon Source, a facility complementary to the ALS for 
generating intense x-rays at still higher photon energies, is now under construction at the 
Argonne National Laboratory. 

Table I-I. Summary oj AI.S perJormallce parameters. 

Beam energy, nominal (GeY) 1.5 

Energy range (Ge Y) 1.0-1.9 

Avemge current (mA) 400 

Horizontal emittance, rms (m·rad) 10-8 

Number of straight sections 12 

Straight section length av(lilable 

for insertion devices (m) 5 

Nominal bunch length, FWHM (ps) 30-50 

Beam lifetime (hr) 6 
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Figure I-I. Two views oj Ihe Advallced Ligll/ Source, 1I0W ullder cOllslruclioll. Above is a plall 
view, showillg a hypolhelical complemelll oJfive illserlioll devices alld beamlilles, as well as Ihe 
localiolls oj Ihe olher available beamlitle porls. The size oJlhe exislillg buildillg is showlI by Ihe 
circle oj I-beams well illside Ihe slorage rillg. The lower illuslralioll is a ph olograph oj a 
delailed architeclural model oJlhe ALS buildillg, showillg ill parlicular Ihe success oj Ihe desigll 
ill preservillg Ihe characler oj Ihe hisloric 184-1I1ch SYllchrocyclolroll buildillg. 
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OVERVIEW 

Together, these third-generation machines hold enormous promise for the life sciences. 
The possibilities include the diagnosis of disease by means of advanced macroscopic x-ray 
imaging methods, unprecedented microscopic views of cells and their substructures in their 
natural state, insights into multi molecular aggregates of the bioorganic macromolecules from 
which the structures of the cell are fomled, elucidation of the atomic and molecular structure of 
individual biological macromolecules, and even views of physical and chemical dynamics at 
this same high resolution. The new light sources are sure to bring established structural 
methods, such as protein crystallography and x-ray spectroscopy, to new levels of technical 
achievement, at the same time making possible path-breaking advances in the application of 
focused and diffI'active x-ray microimaging- x-ray microscopy and x-ray holography. 

Towards these objectives, we propose a Life Sciences Center at the ALS. This Center will 
be a unique national resource for synchrotron-based research in the life sciences, providing a 
capability for entirely new life sciences research. The Center will include next-generation 
synchrotron-based experimental facilities for x-ray microscopy, holography, spectroscopy, and 
crystallography, which will make possible the coordinated application of these techniques to 
studies in the life sciences. In addition, and most importantly, it will make it possible to bring 
forefront technical developments in physics and engineering to bear on basic and applied 
research problems in biology and medicine. The Center will also house crucial ancillary 
biological facilities necessary to make the ALS an effective resource for broadly based life 
science research. 

Using the high-brightness, coherent beams of x-rays at the ALS, we will have the 
opportunity "to look at life in a new light" and to realize at last a vision now almost 100 years 
old. Through the ALS Life Sciences Center, we will be able to apply cutting-edge technology 
to important problems in the life sciences in ways never before possible. As a result of this 
effort, the structures of life will be illuminated in new ways that will deepen our understanding 
and, as has historically been the case, provide new practical insights and outcomes. 

THE ALS AND THE LIFE SCIENCES CENTER 

For the life sciences in particular, the ALS will offer dramatic new scientific opportunities in 
the areas of x-ray microscopy, microholography, and x-ray spectroscopy. In these areas, the 
opportunities are unique and the ensuing research will break altogether new ground; in other 
areas, including diffraction, scattering, and protein crystallography, the ALS will offer a 
dedicated resource with capabilities substantially equal to-or, where the measure of merit is 
brightness, better than-the best x-ray sources now available. 

Research at the Center will center initially around experimental stations at the ends of two 
beamlines from the ALS. The first beamline, from an undulator source of ultrabright, laserlike 
soft x-rays, will illuminate two x-ray microscope stations, one for use in ongoing research 
programs and the other for use in developing new imaging techniques. A third experimental 
station will be available for microholography and diffractive imaging. The undulator will also 
have the capability of illuminating three additional stations, one with unmodified "white" light, 
a second with x-rays of 1-3 keY, and a third with radiation suited to x-ray microscopy. These 
three stations are not developed as part of the initial scope of the Life Sciences Center. The 
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second beamline, from a wiggler source of both soft and hard x-rays, will branch into two 
experimental areas, one broadly designated as being for spectroscopy, the other for diffraction. 
Section 3 outlines in more detail some of the sc ientific opportunities that will unfold with this 
complement of experimental facilities. 

The ALS will be housed in an enlarged version of the domed hall that was the home of the 
hi storic I 84-Inch Synchrocyclotron at LBL (Fig. 1-2). A mezzanine will provide space for 
offices and light laboratories for the 250 or so users who may be on site at any time when all 
the beamlines are in operation. In addition, participants at several topica l workshops held to 
identify scientific opportunities at the ALS and to pinpoint user needs have consistently called 
for the provi sion of substantial ancillary facilities. Biologists, chemists, and material s 
scientists are all agreed that the forefront science promised by the availability of high-bri ghtness 
XUV radiation at the ALS requires the ability to prepare, manipulate, and characterize samples 
in a laboratory near an ALS experimental station. It is no longer sufficient to prepare and 
characterize samples at a distant laboratory, pacify them in some way, transport them to the 
synchrotron light source for a measurement, then return the samples to the laboratory, and so 
on. In many cases, thi s approach never was satisfactory. This is particularly true in the life 
sciences, where it is often necessary to prepare, characterize, and measure delicate and/or 
transi tory samples in a short time. No fully adequate biology facilities now exist at any 
synchrotron light source in the U.S., making these sources unsuitable for most life scientists.2 

To exploit the opportunities offered by synchrotron radiation, the Life Sciences Center will 
offer a full range of biological research facilities within the ALS facility and in an adjacent 
building. Therefore, in addition to two beamlines and their associated experimental end 
stations, the Center will include laboratory and office facilities in a portion of the ALS 
mezzanine and in the ex isting Building 80, shown in Fig. 1-2. 

These facilities are an acknowledgment of the complexity of modern biological research. 
Measurements made with the use of synchrotron radiation are typically only one step in a 
complete experiment that may require preparation of fresh specimens, use of complex sample­
handling systems, and evaluation of specimens in one or more ways before and after x-ray 
measurements. To allow users to carry out the full range of necessary activities, the Center 
will be equipped with (I) a light and electron microscopy laboratory, (2) a cell and tissue 
culture facility, (3) an animal-handling area, including a surgery station, and (4) a biochemistry 
(wet) laboratory containing instrumentation for cellular, subcellular, and molecular separation 
and for optical spectroscopy. Also available will be computer facilities , machine and 
electronics shops, and a microfabrication area for components of the x-ray microscopes. There 
will also be office space for scienti sts using the facilities of the Center. 

• 
• 

In summary, the scope of the ALS Life Sciences Center project includes: 

Two insertion devices-one undulator and one wiggler 
An undulator beamline equipped for microimaging and microholography 
A wiggler beamline equipped for diffraction and spectroscopy 
13,300 gross square feet of fully equipped support laboratory and office space 
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Figure 1-2. A second photograph of the architectural model, showing schematically the scope 
of the ALS Life Sciences Center project. The project includes two insertion devices (a wiggler 
and an undulatory, together with their beamlines and experimental end stations, and 13,300 
gross square feet offully equipped laboratory and office space, located at the end stations, on 
the mezzanine of the ALS building (Building 6), and in the adjacent Building 80. 
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The estimated cost of the project is $30.7 million (in then-year dollars); it is scheduled to 
commence in FY 1993 and to be completed in FY 1995. 

LBL is strongly committed to operating the ALS as a national user facility open to all 
qualified scientists. The concrete expression of user community needs will come with the 
formation of participating research teams whose members will devote both time and resources 
to the instrumentation of the ALS beamlines, including the experimental stations. Both 
insertion-device teams (IDTs) and bending-magnet teams (BMTs) are envisaged. In return for 
their effort and commitment of resources, members of the IDTs and BMTs will receive 
privileged access to the beamlines and experimental stations that they help develop. However, 
in keeping with the intent to operate a national user facility that is open to all qualified users, a 
certain fraction of the beam time of every beamline will be made available to users who are not 
members of these research teams. The fraction of time available to general users will usually 
range from 25% to 75%, depending on the type of beamline and the resources invested by the 
research teams. In line with the goal of the Life Sciences Center, that is, to serve the life 
sciences community broadly, it is expected that this kind of general availability of the beamlines 
will be an essential feature of the Center's operation. Indeed, the Center is explicitly intended 
to serve three communities of ALS life sciences researchers: (1) external scientists who are 
committed to long-term research programs centered around the use of synchrotron radiation, 
usually as members of IDTs; (2) internal Laboratory scientists through the LBLIALS Working 
Group on Life Sciences, some of whose members will have offices and laboratories in the 
Center; and (3) general users from within and from outside the Laboratory who have shorter­
term interests in the use of synchrotron radiation. 

REFERENCES 

1. / - 2 GeV SYlichrotron Radiation Source: COllceptual Design Report- luly 1986, PUB-
5172 Rev., Lawrence Berkeley Laboratory, Berkeley, California (1986); see also An ALS 
Halldbook, PUB-643 Rev. 2, Lawrence Berkeley Laboratory, Berkeley, California 
(1989). 

2. Summary of Workshop on LIfe Sciences at the Advanced Light Source, PUB-5211, 
Lawrence Berkeley Laboratory, Berkeley, California (1988). 

7 



2. 
INTRODUCTORY 
PHYSICAL CONCEPTS 

THE special quality of the light produced by the ALS is its high 
spectral brightness, a composite measure of severallaserlike virtues: the intensity of the light, 
the narrowness of its spectral distribution, and the ease with which it can be focused to a small 
spot (Fig. 2-1). The coherent light from a high-quality laser is the brightest ordinarily 
available. Over a substantial portion of the spectral range of the ALS, which extends from 
photon energies of roughly lOeY to 10 keY, the ALS light will be partially coherent. It is for 
this reason that the ALS light is said to be laserlike, especially at photon energies below about 
1 keY. 

Coherence means that the peaks and troughs of all waves within the area illuminated by a 
light beam are in step (in phase) at any instant (transverse or spatial coherence) and remain so 
as the wave propagates (longitudinal or temporal coherence). Light diffracted through a 
pinhole is spatially coherent if the pinhole is small enough. More generally, the criterion for 
spatial coherence is that the product of the area of the light source (such as the area of the 
pinhole) and the solid angle into which it emits be no larger than the square of the wavelength 
of the light. Since this is the diffraction condition, spatially coherent light is said to be 
diffraction limited. The criterion for temporal coherence is that the waves all have the same 
wavelength; that is, the light is spectrally pure or monochromatic. 

Although not all of the light from the ALS will be diffraction limited, a substantial fraction 
will. Moreover, this spatially coherent portion can be selected by the use of apertures, such as 
pinholes, which effectively reduce the source size. Although this improvement comes at the 
expense of photon flux, the ALS sources will be bright enough that the usable coherent flux 
will be uniquely plentiful. Most of the ALS radiation will also be centered in a narrow spectral 
line of width t.A,with a spectral purity (A/t.A) equal to about 100. With advanced 
monochromators, the spectral purity can be increased to between 1000 and 10,000, or even 
more, but, as with the use of apertures, this improvement comes at the expense of flux. In 
summary, spatial filtering with a pinhole and temporal filtering with a monochromator will 
allow one to obtain the pure phase fronts necessary for demanding experiments such as 
wavelength-limited microscopy, holography, and interferometry.l 
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Two special and interrelated features of the ALS make this laserlike light possible. The 
first is the tightly focused electron beam in the ALS storage ring. On the average, the electrons 
in any accelerator beam circulate smoothly around the ring. But within the beam, individual 
electrons buzz around like the molecules in a gas, giving the beam a finite cross-sectional area. 
Since the electron beam is the source of the light, the beam cross section corresponds to the 
area of the ·source. Moreover, the random transverse motions of the electrons within the beam 
generate a spread in the solid angle into which the light is emitted. A parameter of the electron 
beam called the emittance measures the product of the beam size and divergence. In accordance 
with the diffraction condition, the emittance therefore sets the minimum wavelength at which all 
the radiation can be diffraction limited. The crucial property of the ALS storage ring is its 
extremely low emittance. 

The storage ring sets limits on the quality of the synchrotron radiation, but it does not 
guarantee that they will be achieved. For this, the second feature of the ALS comes into play, 
namely, the extensive use of periodic magnetic structures called undulators in the long straight 
sections of the storage ring. In brief, an undulator consists of a linear array of dipole (north­
south) magnets of alternating polarity (Fig. 2-2). The near-universal use of permanent-magnet 
material in these devices is an innovation pioneered by Klaus Halbach at LBL. Synchrotron 

I.. __ ..... .>-u ----I 
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electron 
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Figure 2-2. A schematic of a permanent .. magnet unduliJtor. Partially coherent x .. rays are 
produced when a thin, pencil/ike beam of reliJtiyistic electrons traverses the alternating 
magnetic structure. 
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INTRODUCTORY PHYSICAL CONCEPTS 

radiation is generated when the alternating magnetic fields bend the electron beam into a 
roughly sinusoidal trajectory. It is this radiation that has the best coherence properties. 
Undulator radiation is temporally coherent over distances up to a coherence length Ie that is 
determined by the spectral purity of the light; that is, Ie = V/t'1A.. Since the spectral purity A./t'1A. 
is proportional to the number of periods, N, in the undulator, long undulators with a large N 
generate the most temporally coherent light. Similarly, the radiation from a long undulator is 
largely diffraction limited for wavelengths longer than the minimum set by the electron-beam 
emittance. 

Even at wavelengths below the minimum, much of the light will continue to be partially 
coherent. It can be shown that the radiated photon power that is partially coherent (the coherent 
power) in this spectral region is proportional to the cube of the wavelength. All in all, because 
of the low-emittance storage ring and the use of long lIndlllators, rhe ALS will be the first 
synchrotron light facility optimized to deliver ro rhe researcher's sample intense j/lIXes of 
coherent radiation at photon energies well into rhe XUV (Fig. 2-3). 

With spectral brightness comes the ability to focus the light to very small spot sizes. 
Coherent light is the most focusable of all. Consider a Fresnel zone plate, which is a device to 
focus XUV radiation (Fig. 2-4). It consists of a very large number of concentric rings of 
alternating x-ray-absorbing and x-ray- transmitting materials with the radial width of the rings 
decreasing from the center outward. Its focusing action on an incident plane wave can be 
visualized as that of a circular diffraction grating. The angle through which the wave is 
diffracted increases from the center (wide) rings to the outer (narrow) rings in such a way that 
each part of the diffracted wave meets at a focal spot whose radius is approximately the width 
of the outermost ring. If the incident radiation is not diffraction limited, light waves will be 
incident on the zone plate at significantly different angles and will be diffracted through a 
comparable range of angles, thereby increasing the size of the focal spot. If the radiation is not 
spectrally pure, the distance of the focal spot from the lens will be different for each 
wavelength, thereby enlarging the spot size at anyone distance. 

Accordingly, spectral brightness brings with it the possibility of diverse spatially resolved 
experiments, from simple microscopic imaging to advanced combinations of microscopy with 
spectroscopy. Here it is the combination of a photon flux sufficient to elicit a measurable 
signal, focused into a small enough area to provide the desired spatial resolution, that makes 
such experiments possible. For example, zone plates having an outer zone width of 40 nm 
have recently been used to focus soft x-rays to a spot 50 nm in diameter at the National 
Synchrotron Light Source (NSLS), using the radiation from an undulator, and at BESSY in 
Berlin. In the first round of experiments at NSLS with a scanning x-ray microscope built 
around zone plates, researchers showed they could image the interior of individual zymogen 
granules, subcellular components about I Jlm in diameter, in an aqueous environment and 
without any deliberate alterations such as staining, fixing, or sectioning (see Fig. 3-2).2 
Subsequent experiments have improved the resolution obtained in the earliest images. 

Even without improvements in zone plate technology, the spectral brightness of the ALS, 
which will be more than 100 times that available with existing facilities in this spectral range, 
will dramatically enhance the capabilities of x-ray microscopy, possibly including time­
resolved imaging of dynamic processes, and of combined microscopy/spectroscopy, such as 
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elemental mapping by tuning the XUV photon energy to the absorption edges of biologically 
important elements. Moreover, by the time the ALS is operating, zone plate technology will 
have advanced significantly, perhaps providing x-ray lenses having a spatial resolution 
approaching 20 nm. 
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Because coherence preserves phase relationships, the coherent light from the ALS can also 
be exploited in experiments that depend on this property, holography being the prime example. 
Once again, preliminary holographic imaging experiments on zymogen granules have been 
carried out at NSLS with undulator radiation (see Fig. 3-3),3 The superposition of waves 
diffracted while passing through a granule with the waves of an undiffracted beam forms the 
many interference fringes that constitute the hologram. These fringes are seen in Fig. 3-3 as 
the numerous periodic ring and line features. Analysis of images of test objects shows a 
system resolution of 60 nm , and the first biological images numerically reconstructed by 
computer actually show features smaller than 100 nm. Holographic imaging is complementary 
to scanning x-ray microscopy in that, in principle, it can provide three-dimensional infomlation 
about biological structures (although this has not yet been demonstrated), whereas it is less 
likely to provide time-resolved images with synchrotron radiation because of the much larger 
photon dose needed to generate a hologram-a consequence of the nature of current hologram­
recording and image-reconstruction processes. 

Although undulators will provide the high-brightness XUY radiation that will be the 
unique contribution of the ALS to extending the frontiers of science, they will not be the only 
radiation sources. The ALS storage ring has 12 straight sections. One will be reserved for the 
injection of electrons into the storage ring from a booster synchrotron, and one will be partially 
taken up by radio-frequency cavities that feed energy into the electron beam. That leaves ten 
full and one partial straight section that will be available for a mix of undulators and wigglers, 
collectively called insertion devices. A wiggler is also a periodic magnet structure, but it is 
optimized to generate an intense photon flux over a continuous, broad spectrum extending to 
the hard x-ray region, although it does this at the expense of spectral brightness. 

At the normal 1.5-GeY operating energy of the ALS storage ring, the high-brightness 
undulators will cover the spectral range below about 2.0 keY. At this saine operating energy, 
wigglers will be able to reach to about 15 keY. The wigglers thereby extend the photon-energy 
range of the ALS well beyond that available with the undulators, into the spectral region where 
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the K- and L-edges of most elements important to biologists lie. Wigglers will also be useful 
sources of radiation for x-ray crystallography of macromolecules. 

Finally, the large dipole magnets that bend the electron beam in the storage ring into its 
roughly circular trajectory will be sources of highly useful XUV radiation. Like wigglers, 
bending magnets generate a broad, continuous spectrum of light. Although somewhat lower 
than that of the light from ALS wigglers, the spectral brightness of the ALS bending-magnet 
radiation will compare very favorably with that of radiation from other synchrotron sources 
because of the ALS's low-emittance electron beam. At the ALS, there is the possibility of 48 
ports for the extraction of radiation from bending magnets. The large number makes the use of 

Table 2-1. Parameters Jor a selected complement oj ALS insertion devices. The actual insertion 
devices that are constructed will depend on user needs. 

N:.unc 
Period 
(cm) 

No. of 
periods 

Photon energy 
range (eV)a 

Criticat 
energy (keY) 

Undulators 

U8.0 8.0 61 5.4-220b 

[16.2-&50] 
[27- 1100] 

U5 .0 5.0 98 52-380 
[156-1140] 
[260-1900] 

U3.9 3.9 123 169-500 
[507- 1500] 
[845-2500] 

Wiggler 

W13.6 13.6 16 

aThe photon energy of the fundamental and of the third and fifth harmonics (shown in brackets) as the 
denection parameter K decreases from its maximum value to approximately 0.5. 

3. 1 

"13e1ow about S eY in the fundam ental, the peak fi eld in undulalOr U8.0 exceeds the bcnding.magnetlield 
and may affect storage ring operation. 
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bending-magnet radiation an attractive option for researchers needing long-term and regular 
access to XUV light, but not necessarily to radiation of the highest spectral brightness. This is 
in contrast to the situation for insertion devices. Because of the small number of straight 
sections for insertion devices, the demand for them is likely to be high and access more limited. 

Based on user requirements expressed at several topical workshops and in letters of 
interest from prospective IDTs, design studies are under way on a selection of three 
undulators, one wiggler, and the beamlines to carry the XUV radiation to experimental areas. 
Although this set of insertion devices covers the ALS spectral range and well illustrates the 
expected performance of the ALS, the final mix of undulators and wigglers and their exact 
performance characteristics will depend on the needs of the user community as expressed in 
IDT proposals. To aid in the evaluation of these proposals, LBL has appointed a Program 
Review Panel consisting of nine non-LBL scientists respected for their research achievements 
in a broad range of fields. 
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3. 
NEW SCIENTIFIC 
OPPORTUNITIES 

THE scientific case for a center for life sciences research at the 
Advanced Light Source ultimately rests with the rough equivalence between the size of the 
feature one hopes to resolve and the wavelength of the probing light. Because the wavelength 
of x-rays is far shorter than that of visible light, far smaller features can, in principle, be 
discerned. If this theoretical equivalence can be approached in practice, using the techniques 
discussed below (among others), x-rays offer a profound opportunity to deepen our 
understanding of biological structure and structure-function relationships. In addition, beyond 
this relationship between resolution and wavelength, x-rays offer other features that make them 
particularly valuable as probes of biological matter. 

Accordingly, the history of x-rays as a probe of matter in biology and medicine is an 
extraordinarily rich one. From the field of medical diagnostics to basic studies of the detailed 
structure of proteins and nucleic acids, x-rays have been central to advances in 20th century 
biomedical science. Now, as we look to the future, unique new opportunities for the use of x­
rays in biological research appear on the horizon, in great part fostered by the construction of 
new synchrotron radiation sources such as the ALS. These new opportunities are related 
primarily to issues of structure and the relationship between structure and function, particularly 
for a range of size scales encompassing questions of macromolecular structure and subcellular 
organization-that is, for objects ranging in size from less than I to roughly I ()4 nm. Although 
there are also important potential uses of synchrotron radiation sources for studies at higher 
levels of organization, including whole organisms, these possibilities will not be considered 
further here. 

The Center's scientific goals include, primarily, (1) new applications of x-ray methods 
already established and widely used, such as protein crystallography; (2) full realization of the 
promise of newly emerging synchrotron-based microimaging methods, such as x-ray 
microscopy and holography; and (3) assessing the feasibility of new technical approaches, 
such as merging spectroscopy and spatially resolved x-ray microimaging, and the development 
of novel means of extending imaging resolution towards the theoretical limits. In this section, 
we do not discuss technical development in depth, but rather consider primarily the value of 
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pursuing such developments for research in the life sciences, specifically in relation to the 
major experimental thrusts of the proposed program- protein crystallography, focused and 
diffractive x-ray imaging, and x-ray spectroscopy. 

The following summary of scientific opportunities reflects the views of participants at 
several workshops that have been held over the past few years on potential applications of 
synchrotron light to biological questions, as well as the views of the Life Sciences Group at the 
ALS. In particular, much of the discussion is derived from the reports of participants at the 
Workshop on Life Sciences at the Advanced Light Source, held in San Francisco in February 
1988. Participants at that meeting included biologists familiar with high-brightness x-ray 
sources, as well as many with no special knowledge of them. Also present were physicists 
and engineers whose specialties were x-ray sources, optics, and detection. In the discussion 
below, particular scientific problems will be highlighted to illustrate the importance of the three 
central methodological approaches-microscopic imaging, spectroscopy, and x-ray diffraction 
and scattering-as probes of structure and function in biology and medicine. 

MICROSCOPIC IMAGING 

For as long as biologists have been looking at cells and their parts in the microscope, they have 
dreamed of getting closer, seeing more detail, achieving higher resolution. As they have 
learned more about the chemistry and physics of the cell, they have also imagined extending 
their vision, with the same high spatial resolution, to the chemical constituents of the cell, even 
to particular reactive states, as they exist in situ-and all this with quantitative precision. 
Finally, in looking, they have also dreamed of following chemical and physical changes in the 
cell and its substructures as they evolve in real time at the same high resolution. While these 
"utopian" dreams have not yet been realized, biologists, often in collaboration with physical 
scientists, have been hard at work seeking new and better means towards their fulfillment. 

The greatest new scientific opportunity for the life sciences at the ALS is that it will permit 
construction of x-ray microscopes and holographic imaging devices of a character and degree 
of development not heretofore possible. In conjunction with novel approaches for improved 
resolution, the promise of high-resolution microscopic x-ray imaging appears to be within 
reach. These new imaging techniques offer exciting possibilities that will carry us further 
down the road to fulfillment of the biologist ' s dream-most importantly, permitting 
examination for the first time of a wide variety of biological material in its natural state at 
resolutions never before achieved, resolutions that may approach 20 nm by the time the ALS is 
commissioned. 

Until the development of the electron microscope, our knowledge of the internal 
organization of cells was limited to what could be observed in the light microscope, that is, 
limited to objects larger than the wavelength of visible light. In many cells, only the nucleus 
could be seen with any certainty, and it was argued by some that there was nothing else to be 
seen. The electron microscope extended our "visual acuity" greatly and permitted us to see 
remarkable structural diversity within cells. However, obtaining this new knowledge has not 
been without cost. It requires that high-energy electrons be passed through the sample, that it 
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be viewed in vacuum, and that only very thin specimens be examined because of the short 
mean-free-path of electrons. For common transmission electron microscopy, the cell's major 
constituent, water, must be removed and replaced (usually with plastic), heavy atoms must be 
added to provide contrast, and attempts must be made to "fix" structural features in place within 
the cell through the addition of cross-linking agents such as glutaraldehyde. These and other 
procedures used in high-resolution electron microscopy that greatly modify the sample under 
study raise questions about how faithful the images actually are to the natural object. 
Furthermore, owing to these same constraints, dynamic measurements on cells and isolated 
cellular substructures cannot be made. 

Thus, although electron microscopy has proved to be an extraordinarily valuable tool-the 
"gold standard" for cell ultrastructure-it remains useful, indeed important, to seek other 
means of high-resolution imaging, both to accomplish what electron microscopy cannot and 
simply to examine ultrastructure in a complementary fashion. In particular, although x-ray 
microscopy currently lacks the high resolution of the electron microscope, it offers the 
opportunity of viewing cellular structure and substructure by a means that does not require any 
of the preparative procedures required for electron microscopy. As a consequence, it can be a 
"critical" tool for evaluating the faithfulness of electron microscopic images to natural 
structures. It is this feature, the potential for viewing the object in its unaltered natural state, 
that is central to the usefulness of x-ray microimaging. It offers the possibility of viewing 
many structures in their native states at high resolution for the first time. 

Imaging with soft x-rays-x-rays with wavelengths between roughly 1 and 5 nm-<:an be 
"natural" because (I) such radiation can penetrate objects several micrometers thick, and thus 
sectioning can be avoided; (2) the object can be viewed while suspended in water at 
atmospheric pressure and body temperature; and (3) water is transparent in the soft x-ray 
"water window" (between 2.3 and 4.4 nm), whereas various elements normally present in 
biological material, particularly carbon and nitrogen, absorb x-rays at the same wavelengths 
(Fig. 3-1). This last virtue allows for contrast based on spatially resolved variations in the 
concentrations of natural substances, rather than by adding foreign ones. For these reasons, 
the object potentially can be studied microscopically in its natural state, that is, without 
chemical or physical alteration beyond removal from the cell or tissue. For the same reasons, 
the method also offers the possibility of following dynamic events at supramolecular and 
ultrastructural resolution. 

In addition, the presence of discrete absorption edges for elements of biological interest in 
the x-ray domain opens the door to the possibility of elemental mapping, a technique that 
would exploit differences in elemental absorption at different wavelengths. Not only is it 
possible to measure quantitatively the presence of particular elements in a spatially resolved 
fashion, but also organic chemical content can often be usefully determined from elemental 
information. I- 3 More generally, if combined with spectroscopy, this method has the potential 
to provide a variety of direct information regarding the chemical form and reactive state of 
specific bioorganic molecules within the cell, as well as within isolated substructures. 

Although its potential has long been recognized, high-resolution microscopic imaging with 
x-rays has only recently become a practical possibility.4-7 As is often the case, new technical 
advances have brought its promise closer to realization. In particular, three technologies-
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Figure 3-1. The soft x-ray water window between 2.3 and 4.4 nm. Carbon and nitrogen provide 
contrast with reiatively transparent waler. 

source design, optics, and detector technology-have benefited from recent dramatic 
improvements. 

The emergence of low-emittance storage rings and long periodic magnet structures 
(undulators) have provided brighter radiation, with greatly improved focusability .8 The x-ray 
ring at NSLS was a major step in that direction, and the next-generation machines , including 
the ALS, will bring us to a point where a significant fraction of the generated soft x-rays will 
be focusable to limits set by the finite wavelength of the radiation. These beams of high 
brightness and coherence form the basis for bringing the promise of soft x-ray imaging to 
fruition, and they have already made possible the recent scanning x-ray images of the interior 
of a subcellular structure, the zymogen granule, whole and unaltered during preparation for 
microscopic viewing, at resolutions approaching 50 nm (Fig. 3-2),1-3,9 as well as holograms 
of the same structure at approximately 50-nm resolution (Fig. 3_3).10,11 

For scanning or imaging microscopy, the recent advances have also depended on modem 
electron-beam lithography to fabricate diffraction-limited Fresnel zone plate lenses. The latest 
zone plates constructed in a collaborative effort between IBM and the Center for X-Ray Optics 
at LBL provide a theoretical resolution of about 40-50 nm (Fig. 3_4).12 Resolution as great as 
20 nm seems within reach in the next several years. 
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Figure 3-2. All x-ray micrograph of a zymogen grallule (a subcellular secrelory slruclure 
exlracledfrom Ihe pallcreas of a ral), oblailled al a wavelmglh of 3.2 11m. The image shows Ihe 
gelleralform oflhe grallule (aboul] J1IIl ill diameler) ill its walery ellvirollmelll, its 1I0llulliform 
lIalure, alld afealure illlhe lower righI-hand comer of Ihe grallule. Smaller fealures are lIear 
Ihe limit of spatial resolulioll. To make Ihe image, Ihe granule was exposed 10 a radiatioll dose 
of aboul] megarad. The lrallsmilled x-ray illlmsity can be used directly 10 estimale proleill 
COlllelll. 
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Figure 3-3. (a) A trallsmissioll electroll micrograph 0/ all x-ray hologram o/zymogell grallules, 
recorded at the Natiollal SYllchrotroll Ligll/ Source with a copolymer resist. (b) A digital 
recollstructioll 0/ a group a/zymogen grallules, obtailled/rom the hologram showll ill (a). (c) 
A scallllillg electroll micrograph a/zymogen grallules/rom the same preparatwll showll in (b). 
The experimental setup for holography is depicted schematically below the images. 

Finally, the availability of sensitive detectors, and, for scanning, accurate stepping 
systems capable of moving the sample stage in very small steps, provide a capability of 
quantitatively collecting x-rays with a precision consistent with source-lens resolution, 

The high-brightness, focusable synchrotron radiation, sensitive detectors, and, for 
microscopy uses, zone plate lenses of high resolution permit the study of feature sizes 
sufficiently small to obtain much new information about the native structure of many 
subcellular components. Tn addition, the concomitant high flux offers the potential for 
following a variety of biologically interesting processes, since it will be possible to obtain 
images within reasonable exposure times (as little as a millisecond at the ALS). 
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Figure 3-4. A scallllillg electro II micrograph oj a 62-J1m-diameter Fresllel zOlle plate, showillg 
lite cOllcelltric rillgs oj opaque gold 011 a trallsparellt silicon nitride substrate. 

Thus, imaging with soft x-rays will allow, for the first time, resolution of a wide range of 
cellular substructure in its natural state. The ability to study the sample at high resolution in a 
physiological aqueous environment, at atmospheric pressure and physiological temperatures, 
opens the door to the possibility of dynamic imaging of processes on a microscopic scale, 
within the cell or its components. As a result, x-ray imaging will pem1it experiments of a type 
not presently possible, whose accomplishment is likely to deepen our understanding of cell 
structure and function. 

X-ray microscopy and related diffractive imaging techniques are particularly well-suited 
for structural studies at supramolecular and ultrastructural levels of organization. Even at the 
current level of development, with resolutions perhaps approaching 20 nm, unprecedented 
views of the native structures of many isolated cell parts can be obtained. And innumerable 
further questions suggest themselves. What is the appearance of mitochondria, chloroplasts, 
lysosomes, peroxisomes, the wide variety of secretion granules and related vesicle structures, 
the nucleus, and so forth, when probed with x-rays? What can we learn of the organization of 
the macromolecular aggregates contained within and comprising these structures, as well as 
those found elsewhere in the cell (for example, in microtubules, ribosomes, and muscle 
fibrils), when they are viewed without preparative alteration, suspended in aqueous media? 
How closely do our electron microscopic images of these objects match their appearance in 
their native states? Differences are likely to be found, but what will they be and how 

23 



NEW SCIENTIFIC OPPORTUNITIES 

substantial? For example, it has been demonstrated that the contents of an intracellular 
component, the zymogen granule, that appears uniform and stmctureless on a IOO-nm scale in 
electron micrographs (after standard preparative procedures) appears quite different when the 
object is viewed with x-rays in something close to its natural state.1-3 

Beyond visual information, the use of elemental absorption edges in the x-ray regime 
provides the opportunity for obtaining information about the elemental content of these 
structures. In conjunction with chemical knowledge, variations in the spatial distribution of 
protein and other major organic constituents of isolated subcellular stmctures can be measured 
quantitatively at high resolution. The distribution of nitrogen-containing hydrocarbons, such 
as proteins and nucleic acids, can be compared to that of hydrocarbons that do not contain 
nitrogen, such as sugar and fat polymers. The location of at least some metal-containing 
proteins can be determined, and one type distinguished from others- and from proteins that 
lack metal chelates. The addition of marker elements, for example, fluorine, may make it 
possible to highlight a particular molecule after its incorporation into a structure, as well as to 
follow its metabolic fate in a spatially resolved fashion. The potential for obtaining chemical 
information from spatially resolved x-ray microimaging becomes even more impressive when 
one considers the possibility of combining spectroscopic information with spatial resolution. 
These opportunities will be considered further in the next section (see Spectroscopy). 

Finally, given the possibility of imaging objects in physiological environments, and of 
being able to alter that environment, the potential exists to follow structural changes as they 
evolve in real time as a result of particular perturbations. For example, the secretion granule 
shown in Fig. 3-2 is known to release its predominantly protein contents in a graded fashion 
under a variety of conditions. Following the effect of such changes on stmcture at high 
resolution, as they evolve in real time, will provide a new and unique microscopic capability 
with broad applications to the study of any cellular component whose character, chemical or 
physical, can be altered after it is isolated from the cell-which, in practice, is to say all such 
structures, from chromosomes to chromaffin granules, to mitochondria, to a wide variety of 
macromolecular complexes. 

While the path to important experimental studies on isolated subcellular structures is 
perhaps the simplest, the potential for valuable work at the cellular level is no less exciting, 
although it is likely to be technically more complex and demanding. The same characteristics 
of x-ray imaging apply, with the potential for structural analysis of native samples and the 
possibility of dynamic measurements. Perhaps to a greater degree than for isolated cellular 
substructure, cells to be studied and scientific problems to be approached must be chosen with 
care and, especially, with an appreciation of the strengths and limitations of x-ray imaging 
methods. 

To take a specific example of the possibilities of x-ray imaging, we might choose the 
central and ubiquitous cellular process of secretion, which will be an important focus of 
research proposed for the Center. A great variety of intracellular structures are thought to be 
part of a system in which many different organic cell products are shuttled around the cell in 
vesicles or granules in a complex traffic pattern. These processes are presumed to occur in 
preparation for secretion, to effect its occurrence, and to construct, repair, and maintain cellular 
structures in general, including those not involved in secretion. Many of the structures thought 

24 



to be a part of this system are known to us primarily, if not solely, from electron microscopy. 
This poses the uncertainty about native structure already alluded to, but beyond that, with a few 
possible exceptions, the proposed processes, in particular the (ordered) movement of vesicles 
from place to place within the cell and the fusion of the secretion granule to the cell membrane 
to effect the exit of products from the cell, have never been observed directly. That is, they 
have not been observed as real-time events, as, for example, cell division can be followed in 
the light microscope. As a result, the proposed processes have, of necessity, almost invariably 
been hypothetical constructs developed from a variety of electron microscopic images and 
associated biochemical evidence. To follow such ultrastructural events in real time, and to 
assess their occurrence, properties, and quantitative characteristics dynamically, would greatly 
deepen our understanding of them and of cellular activities generally. 

Similarly, validation of the central model for muscle contraction, the sliding filament-cross 
bridge model, has been hampered by the absence of direct evidence for the proposed events. 
Although a variety of indirect physical evidence, as well as biochemical and molecular 
structural information, are suggestive, understanding how the cross bridges power the 
translation of the filaments as events in space has been elusive. To actually observe shortening 
at high resolution in real time would be an important advance. 

The ability to produce highly focused, tunable x-ray beams also offers a new kind of 
radiobiologic probe that will permit graded doses of radiation of chosen wavelength (and 
therefore of specific photoelectron energy) to be deposited at local intracellular sites. This will 
allow the researcher to ablate particular small structures within cells and to determine the effect 
of such treatment on specific processes of interest. Although x-ray imaging deposits far less 
energy on the sample than does electron microscopy, radiation effects still need to be assessed. 
Radiobiologic questions of the effect of local damage on molecular, organellar, or cellular 
function, and on the spread of damage, can be examined in detail never before possible. 

X-ray microimaging also offers the opportunity of greatly enriching our knowledge of 
cellular pathology, because it allows examination of diseased tissue in its natural state at high 
resolution, as well as providing the potential of elemental mapping. For example, high 
concentrations of cellular inclusions found in various disease states, such as calcium-containing 
spicules of certain degenerative neurologic disorders, can be identified and studied in tissue 
unaltered during preparation for viewing. 

X-ray imaging may also be of great value in the study of cell-cell communication, such as 
at the nerve synapse, where we will be able to examine the topology of whole, unsectioned, 
and unaltered material to gain a better understanding of the number and distribution of dendritic 
connections. Similarly, the true topography of the surface of cells is often unclear because it is 
readily altered by preparative treatments required for electron microscopic viewing. Soft x-ray 
imaging will permit examination of such structures without chemical or physical alteration and 
can provide an image that is more faithful to the true nature of the cell's surface. 
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SPECfROSCOPY 

X-ray spectroscopy has an excellent record of achievement in several areas of biological, 
biochemical, and biophysical research, and the parameters of the ALS offer exciting new 
opportunities in this area. Central to x-ray spectroscopy is the ability to associate spectral 
features with particular elements, or even elemental states. This is generally done by 
examining spectral features near particular elemental absorption edges or by means of 
fluorescent emission. 

It has long been known that the x-ray absorption spectrum of materials is characterized by 
sharp steps, or "edges," corresponding to the binding energy of the electrons in the various 
atomic shells. On closer examination at sufficient resolution, it becomes clear that such edges 
are not pure steps, but show amplitude modulations on the high-energy side of the edge that 
look like either pure sine waves or a mixture of several sine waves of different frequency. 
These structures usually have an amplitude of a few percent of the edge jump, or less, and 
extend for a kilovolt or so beyond the edge energy. They constitute the extended x-ray 
absorption fine structure (EXAFS). Close to the edge, there is often x-ray absorption near­
edge structure (XANES) that is not sinusoidal in appearance and is typically of larger amplitude 
and narrower width than the EXAFS. 

EXAFS arises from the behavior of the photoelectron wave as it emerges from the atom 
following a photoelectric absorption event and propagates outward toward the neighboring 
atoms. The wave is scattered by the nearest neighboring atom (we assume for the moment that 
there is only one neighbor) and the once-scattered wave produces a finite amplitude back at the 
emitting site. This amplitude is superposed on the original emitted amplitude, which may either 
increase or decrease as a result. Such increases or decreases will modulate the a priori 
probability of the process and hence the x-ray intensity at the detector. 

EXAFS experiments consist of tuning the incoming energy (hence the value of 
synchrotron radiation) and measuring the transmitted flux with high accuracy for about I ke V 
beyond the absorption edge. This has the effect of tuning the emitted photoelectron energy 
from zero at the edge to about I keY. The once-scattered amplitude at the emitting site is thus 
modulated sinusoidally as the electron wavelength is tuned smoothly through the range of 
values corresponding to this energy range. The result of this for a single neighbor is a single 
decaying-sinusoid EXAFS spectrum. If there are several nearest neighbors at the same 
distance, the size of the effect is strengthened and the modulations increase in amplitude. If 
there is another neighbor at a greater distance, the fractional wavelength change needed to 
produce a full period of modulation is less, thus the frequency of the EXAFS is greater. One 
may therefore infer atomic distances from the frequency of the EXAFS modulations, by 
performing suitable Fourier analyses. 

EXAFS thus provides information about the number and distance of the atoms in the 
immediate neighborhood of the atom whose edge is being investigated. Different atoms also 
have different, but known, backscattering strengths, so there is some ability to match EXAFS 
data to candidate models of the chemical environment of the chosen atom. Since the mid-
1970s, EXAFS nas been developed into a highly accurate (resolution around 0.01 angstrom) 
means to measure the coordination numbers and atomic distances of atoms in any material 
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where there are not multiple possibilities for the results of such a measurement. For biological 
research, its main application has been to metalloproteins, where there is a single, fairly heavy 
metal atom whose chemistry is of great functional importance. The early work was done on 
the iron atom in hemoglobin, but many more studies involving different heavy atoms have now 
been done. The great beauty of the technique lies in its ability to investigate the chemical and 
structural environment of an atom, even though that atom may be deeply buried inside a 
complex macromolecule. 

The extra capabilities that the ALS will bring to EXAFS, beyond what is already available, 
is the investigation of very dilute materials and the analysis of material that is spatially localized 
within some particular sample feature-a combination of microimaging and spectroscopy. 

The value of XANES stems from the fact that an electron photoemitted from a core level 
with energy very close to its binding energy must be entering a state within the energy region 
occupied by the bonding electrons. The matrix element for such a transition depends strongly 
on the detailed character of the bonding electrons and is therefore an effective probe of their 
spatial structure. In particular, for dipole transitions , the matrix element depends on the 
orientation of the chemical bonds relative to the incoming electric vector, so that additional 
information can be obtained for oriented samples by exploiting the polarized nature of 
synchrotron radiation. In addition, the edge can be used to investigate such questions as the 
oxidation state of the atom being measured, as discussed below for the example of sulfur. 

Special attention at the ALS is likely to be centered on spectroscopy at lower energies and 
on the development of spatially localized spectroscopy. This latter possibility makes the 
development of spectroscopy in the x-ray region particularly important. In addition, the 
penetration of x-rays at wavelengths below about 5 nm makes spectroscopic analysis an 
important tool for studies on intact cells and isolated cellular structures, even in the absence of 
spatial resolution. Finally, x-rays make possible the spectroscopic analysis of certain elements 
such as sulfur, the so-called "spectroscopically silent atoms," which are normally undetectable 
by methods such as NMR and EPR spectroscopy. 

The ALS will provide photons in two energy regions that will be at the forefront of 
innovative biological spectroscopy. The first regime is that from 2 to 4 keY, which contains 
the K-edges of the elements phosphorus, sulfur, chlorine, potassium, and calcium, all of great 
importance and interest in biology. Sulfur is especially noteworthy, and x-ray spectroscopy 
offers a singular means for studying this element in intact biological systems. Sulfur residues 
playa major role as a chelator of iron, zinc, copper, and other physiologically important 
metals. Disulfide bonds are also involved in the stabilization of the structure of proteins, and 
the redox state of thiol is known to play an important role in modulating the enzymatic activity 
of many of the most important soluble and membrane-bound enzymes. In many 
metalloenzymes and nucleic acid-binding proteins, sulfur is a ligand to the metal. Another 
very interesting and potentially valuable aspect of sulfur spectroscopy is that the oxidative state 
of the tissue may be reflected in the oxidative state(s) of the large number of thiol residues 
present in each cell. In toxicology the importance of the redox state of cellular thiols is now 
clear. This is of interest in the study of cellular stress and may also provide a useful, rather 
general measure of the effects of radiation on cell function. 
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Preliminary data, summarized in Fig. 3-5, have clearly shown that the near-edge features 
can be resolved for the large (about IO-e V) range of sulfur K-edge shifts, which correspond to 
the element's wide range of oxidation states (from -2 to +6). These near-edge features suggest 
that the dominant intracellular thiols will be well-resolved and will exhibit measurable changes 
in edge position if significant changes in oxidation state occur. The two sulfur-containing 
amino acids found in all cells are cysteine and methionine. The absorption features of the most 
common oxidation states of cysteine and methionine are shown in Fig. 3-6; they are easily 
distinguishable. An x-ray spectrum of whole fresh human red blood cells indicates that most 
of the sulfur in these cells is in the S-H state, with some suggestion of S-S states (Fig. 3-7). 

Among its many roles in biology, phosphorus is important as a component of nucleic 
acids, as a component of the energy currency of cells, ATP, and as a redox agent. Recent 
studies indicate that the phosphorylation of proteins and lipids is an important step in the 
regulation of cellular biochemical pathways. Considerable new information about phosphorus­
containing molecules will derive from their study by x-ray absorption spectroscopy (XAS). 

Chlorine is also metabolically active and can exist in several oxidized forms. It seems to 
playa major role in the defense mechanism mediated by leukocytes. Two other elements, 
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Figure 3-5. Four sulfur K-edge x-ray absorption spectra, showing the shifts in the edge position 
due to different oxidation states. 
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Figure 3-6. K-edge x-ray absorption spectrajor the sulfur-containing amino acids methionine 
and cysteine, showing the clearly distinguishable absorptionjeatures oj the most common 
oxidation slates oj sulfur in these molecules. 

sodium and potassium, are, along with chlorine, the central electrolytes of cells. These ions 
are crucial to cellular work and survival because of their osmotic and charge- and gradient­
dependent effects. Being able to assess concentrations and changes in concentration of these 
electrolytes within cells with high spatial resolution and in a time-resolved fashion would be an 
achievement of great value in cellular physiology and biophysics. 

The second energy regime of particular interest is between 0.3 and 1.2 keY, where one 
finds the L-edges of the first series of transition elements, almost all of which are biologically 
important, as well as the K-edges of important light elements. It is in this range that the 
undulators planned for the ALS offer the greatest promise for high brightness, and the ability to 
carry out spatially resolved spectroscopy for elements in this region would be of important 
potential value. ___ ~__ _ 

One of the most interesting developments at the Life Sciences Center would be the 
confluence of microimaging and spectroscopy. Spatially resolved spectroscopy would provide 
a wholly new dimension to our understanding of biological systems. In the simplest case, one 
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Figure 3-7. A sulfur K-edge absorption spectrum/or whole,Jresh human red blood cells. Most 
0/ the sulfur in these cells is in the SoH sliJte. 

asks for the two-dimensional elemental distribution within a tissue section or across a cell. 
While the sensitivity of elemental concentrations varies from element to element, data have 
clearly demonstrated detectability at the level of tens or hundreds of femtograms for elements 
such as chlorine, potassium, calcium, iron, manganese, copper, and zinc. Figure 3-8 suggests 
the possibilities for a microprobe based on grazing-incidence multilayer focusing elements; a 
scan along a blue-green algae filament reveals variations in the iron concentrations at the ppb 
level as the filament is scanned. Figure 3-9 is the spectrum of the fluorescence from a 10 x 10 
11m area of an NBS spectroscopic (wheat flour) standard, and Fig. 3-10 is the spectrum of a 
zymogen granule. The next extrapolation then posits that at any coordinate one could obtain 
the x-ray absorption spectrum for a given element, hence its chemical form and state. The 
increase in information thus obtained would be enormous. The excellent optical properties of 
the ALS and its insertion devices are ideally matched to this concept, and the potential for its 
development is worth a significant measure of effort. 
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Figure 3-8. A series of x-ray microprobe spectra, taken along the length of a photoactive blue­
green algae filam ent. Variations in the concentration of iron can be detected at the level of a 
few parts per billion. 
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Figure 3·10. An x·ray microprobe spec/rum of a zymogen granule. 

DIFFRACTION AND SCATTERING 

Despite being optimized for the production of soft x-rays, the ALS is nonetheless well-suited 
for x-ray diffraction studies at the shorter wavelengths (0.15 nm) required for the satisfactory 
resolution of macromolecules. Indeed, careful comparisons have been carried out between the 
ALS W 13.6 wiggler and two established crystallography sources: the A I wiggler at the 
Cornell synchrotron radiation facility and the Bearnline 7.1 wiggler at SSRL13 At a lO-keV 
photon energy, all three of these sources produce essentially the same flux; however, the 
brightness of the ALS source is significantly better (theoretically, 100-fold better) than the 
other two. (Recently commissioned sources at these facilities are brighter than the older 
sources, though still not as bright as the ALS wiggler is expected to be. Their fluxes are 
roughly comparable to those of the sources used in the comparison.) For some experiments, 
flux is the more important parameter of merit, but in others-for example, a measurement on a 
small crystal with a large unit cell (say, a virus)-brightness can give the ALS a considerable 
advantage. 

Most of the detailed information that we have regarding the detailed structure of the two 
central classes of biological macromolecules-nucleic acids and proteins-is derived from 
analyses of the diffraction patterns produced by passing x-ray beams through crystalline arrays 
of these structures. In addition, our modern ideas about the transmission of genetic 
information, as well as our notions about the catalytic functions of enzymes, also owe a great 
deal to x-ray crystallographic studies of biological macromolecules. An impressive example of 
x-ray diffraction work is the structure of the c-H-ras oncogene protein-a protein involved in 
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normal signal transmission and implicated in certain human cancers- which is shown in Fig. 
3-11.14 This structure was derived from the diffraction pattern shown in Fig. 3-12. 

Figure 3-11. A computer-gellerated image of tlte strllctllral backbolle of the c-lI -ras ollcogene 
proteill, together with a molecllie of a gllallosille triphospltate alia log, as lletermilled by x-ray 
diffractioll. This proteill is illvolved ill tlte lIormaltrallsmissioll of sigllals for humall cell 
growlh; a mutant/orm has beell!oulld ill several callcers. 
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Figure 3-12. X-ray diffraction pallem of the c-H-ras oncogene protein. This pallem was 
obtained using an x-ray intensity aboutfour orders of magnitude less than that to be available at 
theALS. 

It has been discovered that high-intensity, high-brightness x-ray sources such as the ALS 
have valuable advantages for protein crystallographic work. They greatly reduce exposure 
time, thus allowing for the collection of information far more rapidly than is possible with 
ordinary laboratory x -ray sources- at the same time greatly reducing the level of damage to the 
specimen. (Somewhat surprisingly, many crystalline biological samples will tolerate 
significantly larger radiation doses if those doses are delivered rapidly, as they are at 
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synchrotron radiation sources.) In addition, the small beam size, which permits examination of 
very small crystals , may help overcome one of the central problems in this area, namely, the 
inability to form crystals of substantial size. And finally, tunability at an absorption edge 
permits the difference in scattering across the edge to be used to "phase" diffraction maxima-a 
central limiting step in protein structure determination. 15 

For the future, there are prospects for exploiting newly developed techniques not yet in 
general use. Cryogenics, for example, can be used to stabilize crystals for an extended period 
of time and, as a result, provides a great improvement in the ability to collect data. In addition, 
the use of the Laue method might be expanded; this technique, using high-intensity white light, 
permits all data for a crystal to be collected in a single snapshot. Using this method, dynamical 
studies of changes in macromolecular structure are likely to become increasingly feasible: The 
time characteristics of the ALS will permit the study of events on a nanosecond, or even sub­
nanosecond, time scale. 

As the first and necessary objective of structural analysis, protein crystallography since its 
beginning has been devoted to establishing structure, independent of function. From this 
work, the notion developed that a single unique three-dimensional structure, namely, the one 
obtained from the crystal, described the molecular anatomy of the protein. Attempts to relate 
structure to function then focused in great part on the active sites of enzymes- how substrate 
affinity is determined and how catalytic activity occurs. With the exception of the active site 
itself, the surface of the protein was thought to be of little functional or structural interest. It 
has subsequently been demonstrated that the binding of substrates and end products to the 
surface of the protein, away from the active site, alters the catalytic rate (autoregulation of 
enzyme action) and that changes in the protein's structure can be induced by these interactions. 
In recent years, it has become increasingly clear that many proteins can undergo substantial 
reversible changes in structure in response to environmental shifts. Although these changes 
were at first thought only to reflect a transition from active (natural) to inactive (unnatural) 
states, it has become clear that at least some proteins are pleomorphic (and polyfunctional) and 
that such structural changes have to do with, among others things, the ability of proteins to 
interact with each other, with nucleic acids, and with membranes. Seeking to establish and 
follow variations in the tertiary structure and surface topography of proteins- indeed, for other 
oriented systems as well, such as membranes-represents an important area of structure­
function analysis that is only in its infancy. The potential for carrying out such studies at the 
ALS, particularly in regard to the dynamics of structural change, represents an opportunity for 
exciting and valuable research on the structure and structure-function relationships of a wide 
variety of proteins. 

The use of undulator radiation for soft x-ray scattering studies also offers great promise. 
The ability to match the wavelength of radiation in the soft x-ray and far UV regime to the 
characteristic size of various biological forms provides a powerful new probe into the 
microstructure of living organisms on a size scale ranging from one to hundreds of 
nanometers. The use of radiation with controlled polarization provides a way to study the 
symmetry and response of important biological systems and subsystems, such as muscle, 
microtubules, the internal structure of cell organelles and granules, and other important 
features. Longer wavelengths will allow small-angle scattering measurements to be performed 
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at larger angles, thus extending the range of size variations available for study and making it 
possible to overcome important measurement constraints in data collection. Longer 
wavelengths may be appropriately matched to longer spacings of interest in biological systems. 
Long-distance undulations, for example, in bone, muscle, or collagen can be measured and 
changes assessed. It may be possible to follow crystal nucleation to search for the best 
conditions for crystal growth. X-ray scattering from a large collection of like biological objects 
may provide a means of determining not only number, size, and size distribution, but internal 
structure as well. 

Studies of the shape of the (0, 0, 0) diffraction spot in ordered systems and of the small­
angle pattern generally, in disordered systems, have been practiced since the earliest days of x­
ray research. The experiment is carried out with a fixed wavelength and provides low­
frequency (0.001-D.05 A-I typically), usually angle-averaged structural information. In return 
for the low quantity of the information, the radiation damage is shared harmlessly over many 
nominally similar samples, and data collection can be very rapid, thus allowing time-dependent 
studies. A common approach is to measure the response as indicated by the small-angle pattern 
to various stimuli such as changes in temperature, pressure, electric field, etc. In addition, 
anomalous scattering has recently been used to give information about the spatial distribution of 
particular elements. 

In biology there have been many studies of various macromolecules in solution with 
globular, coiled, fibrous, or other shapes. The measurements can be interpreted to give the 
radius of gyration, width, length, and other gross conformational data, averaged over the 
population in the solution. Some biological structures have periodicities in the few-hundred- to 
few-thousand-angstrom range, and these give peaks in the small-angle pattern corresponding to 
ordinary diffraction maxima. If the orientation of the samples is systematic in some way (as in 
bundles of fibers or a membrane), then this can be exploited to give more detailed structural 
information. 

The main interest in these kinds of experiments is naturally focused on macromolecules 
that cannot be crystallized and on heterogeneous structures at the supramolecular level. There 
are many opportunities for fundamental studies of such questions as enzyme kinetics and 
molecular tumbling rates, for the measurement of deliberately induced conformational changes 
in biologically active macromolecules, and for evaluating higher-level order and structural 
change in macromolecular and organellar complexes. 

The special contribution that a high-brightness source such as the ALS can bring to this 
field will be high angular resolution, that is, unusually high "Q resolution," meaning the ability 
to access coarse structures in the 0.1- to l-~m range, in addition to the smaller ones normally 
measured. It will also offer the extra capability to study small or highly dilute samples and to 
do scattering at longer wavelengths, leading to still higher Q resolution. 

Polarization-dependent scattering has also been discussed as a valuable means of seeking 
polarized structures with periods in the soft x-ray-far-UV size domain. For example, the 
possibility of discerning changes in chiral pitch between 1 and 100 nm in biological helices (for 
example, polypeptide a-helix, DNA double helix, nucleosome, chromatin solenoid, higher­
order chromatin structures, muscle actin, tubules, and microfilaments) is obviously of interest. 
Although the possibility of such studies is of great interest, penetration becomes an 
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increasingly difficult and limiting problem, as the wavelength of interest lengthens into the UV 
regime. Further thought must be given to how this limitation might be overcome. Inventive 
sample preparation may be of particular help. Often these studies would require high-intensity 
circularly polarized radiation in the wavelength region from 0.1 to 200 nm. The development 
of the insertion devices or beamline components required to generate such radiation is being 
investigated, and solutions have been identified over most of the spectral range of interest. 
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4. 
SPECIAL RESEARCH 
FACILITIES 

THE Advanced Light Source, in proper perspective, is merely a 
tool for producing photon beams-beams that arise from the bending magnets of the ring and, 
more importantly, from insertion devices in the ring's straight sections. These insertion 
devices and their beamlines therefore occupied a position of central importance in the design of 
the ALS, and they lie at the heart of the ALS Life Sciences Center. This section describes two 
such insertion devices, together with two insertion device beamlines specifically designed for 
life sciences research. 

INSERTION DEVICES 

The ALS, operating at 1.5 GeV, is optimum for insertion device operation in the vacuum 
ultraviolet (VUV) and soft x-ray spectral regions. On a time-averaged basis, an undulator in 
such a storage ring is the brightest source available in these photon energy ranges. In addition, 
at photon energies below and above this optimum region, the ALS's undulators and wigglers 
(respectively) still offer very useful capabilities. 

Insertion Device Performance 

As the source for soft x-rays, we chose one of the undulator designs described by the ALS 
project team in An ALS Handbook, I undulator U3.9. This device has been carefully designed 
and analyzed as a radiation source so that we have excellent performance data readily available. 
According 10 the calculated perjormancefigures, this LlndulalOr will provide the highest average 
coherent power if/the world by a considerable margin. Perfomlance data are summarized in 
Figs. 4-1 and 4-2 and in Table 4-1 a. 

Undulators radiate a spectrum with sharp peaks consisting of a fundamental wavelength 
and harmonics. The fundamental is a peak whose width is of order liN, where N is the 

39 



SPECIAL RESEARCH FACILITIES 

~ 
~ 

.I:; -u 

.§ 10 'S 

u 
c 

x ra 
:::J .0 

::: eft. 10 '4 
~ ~ 
13 0 
Q) • 
c. en 

(/) ~ 

en 1013 
C 
.9 
o 

.I:; 

.Eo 

1 eV 

I' I 
I 
\ 
\ 

10 eV 100 eV 1 keV 

Photon energy 

10keV 100keV 

Figure 4-1. A plot of spectral flux as a function of energy for the undulator alld wiggler C/lOsell 
for the AI.-S Life Sciences Center. For the wiggler, we assume a S-mr collectioll angle. Each 
undulator curve-for the fundamental (solid line) andfor the third andfifth harmollics (dashed 
lines)-is the locus of narrow peaks of radiation, tuned by altering the undulator gap. 

number of undulator periods, and the harmonics are sharper still. For each electron, the most 
useful radiation at the fundamental wavelength lies in a narrow cone about the axis of the 
system, with an rms half-angle equal to ()JL)t /2, where A is wavelength of the fundamental 
and L is the length of the undulator. The fundamental wavelength depends on the magnet gap 
and can be tuned over a certain range by varying the gap. The U3.9 device has 123 periods, 
each of length 3.9 cm, to give a total length of 4.8 meters. The output at the fundamental 
wavelength can be tuned over the range 2.5-7.3 nm (169-500 e V); it lies within a cone of mlS 

half-angle equal to approximately 0.03 milliradians. By using the third and fifth harmonics, 
the spectral range 0.5-2.4 nm (507-2500 eV) can also be covered. As an example of the type 
of spectrum provided by the device, we show in Fig. 4-3 the on-axis spectral brightness for a 
gap setting that gives a fundamental wavelength of 4.25 nm (290 e V). 

For the ALS undulators, we anticipate that the first, third, and fifth hamlonics will provide 
useful output. Harmonics of higher order are also present, and though more sensitive to 
construction errors, they may provide substantial fluxes of higher-energy photons in the same 
beam- potentially, a very valuable asset. This point is important, because it is generally 
possible to design beamline optical systems to handle wider energy ranges than can be covered 
with the fundamental radiation of an undulator. As a rough guide, the useful operating range 
of an undulator is considered to lie between the energy of the fundamental at the largest 
achievable K value and the energy of the fifth harmonic at K = 0.5. (K is the so-called 
deflection parameter, equal to 0.934 AuBo, where Au is the magnet period in centimeters and BO 
is the peak magnetic field in teslas.) 
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The spectral flux in the central cone increases with K; thus, for a given total length of 
undulator and for a given desired photon energy, it is usually better to choose a higher value of 
K. In addition, the larger K also implies a shorter period length, hence a further increase in 
flux by virtue of the larger number of periods, N. However, the validity of this rule is limited 
by power considerations: As the value of K becomes large, the undulator effectively becomes 
a wiggler for large harmonic numbers n, and the total power generated, most of which is in 
unwanted spectral regions, may become unacceptably large. (For the insertion devices 
considered here, the total power is limited to a few kilowatts.) 

Higher photon energies are generally obtained by using a shorter period length; however, 
there is a lower limit to the practical period length of an undulator, because the magnetic field 
decreases rapidly as the ratio of the period length to the magnet gap becomes small. U3.9 is 
the shortest-period insertion device now being proposed for the ALS. 
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42 

Table 4-1 (following pages). Detailed perjorlTUlnce characteristics of the two insertion devices 
included in the ALS Life Sciences Center, both at an electron energy of 1.5 GeV: (a) undulator 
U3.9 and (b) wiggler WI3.6 with a gap of 1.5 cm. For the undulator, characteristics are given 
for the fundamental alld for the third and fifth harmonics,for several values of K. The symbols 
used are explained below. The magnetic perjorlTUlnce of the insertion devices was calculated by 
assuming a hybrid structure based on neodymium-iron. 

BO(T) 

BRI 

E(GeV) 

ECR(keV) 

EP(keV) 

F 

FDENI 

FDEN2 

I(A) 

K 

LAMDW(cm) 

N 

n 

NPOLE 

PCEN(W) 

PDENI 

PDEN2 

PTOT(kW) 

SIGPX(mr) 

SIGPY(mr) 

SIGX(mm) 

SIGY(mm) 

XLEN(m) 

Peak magnetic field for undulators and wigglers. 

Spectral brightness. i.e .. flux per unit phase·space area 
[photons/ (s.mm ' ·mr'-O. I % bandwidth)[. 

Bea m energy. 

Critical energy for wigglers and bending magnets. 

Photon energy. 

Spectral flux. For undulato rs the flux in the central cone; 
for wigglers and bending magnets. the flux within a 5·mr 
horizontal angle and all vertical angles [photons/ (s-O.I % bandwidth)[. 

Spectral flux per unit horizontal angle 
Iphotons/ (s·mr-O.I% bandwidth)[. 

Spectral flux per unit solid angle 
[photons/ (s-mr'-O.I % bandwidth)[. 

Beam current. 

Peak deflection parameter for undulators. 

Period length of undulators and wigglers. 

Number of magnet periods (undulators and wigglers). 

Harmo nic number for undulator radiation. 

Number of wiggler poles. 

Power transmitted through a pinhole whose angular size is 
equal to that of the ce ntral a ngular cone at the fundamental 
frequency. 

Power emitted (all frequencies) per unit hori zontal angle [W/ mr[. 

Power emitted (all frequencies) per unit solid angle [W /m r' [. 

Total power (all angles and all frequencies) emitted by 
undulators and wigglers. 

Horizontal rms beam divergence in the straight section. 

Vertical rms beam divergence in the straight section . 

Horizontal rms beam size in the straight section . 

Vertical rms beam size in the straight section. 

Length of undulators and wigglers. 



Table 4-la. Undulalor U3.9. 

E(GeV) HAmp) SIGX(mm) SIGY(mm) SIGPX(mr) SIGPY(mr) N LAMBDW(cm) XLEN(m) 
1.50 0.400 0.330 0.063 0.030 0.016 123 3.90 4.8 

K BO(T) PTOT(kW) PDEN2(W /(m r"2» PCEN(W) 
0.03 0.01 1.85E-04 1.52E+OO 9.56E-03 

n EP(keV) F( # /s,O.l%BW) FDEN2 BRI 

I 5.48E-OI 6.33E+ 12 1.00E+ IS 7.60E+ IS 
3 1.64E+OO 2.I6E+06 5.I7E+08 3.94E+09 
5 2.74E+00 7.91 E-OI 2.12E+02 1.62E+03 

.... . .. .. ... . . .................... ................ ................................ ... ..... .... .... .... . .......... .............. 

K BO(T) PTOT(kW) PDEN2(W /(mr"2» PCEN(W) 
0.50 0. 14 5.I5E-02 2.98E+02 1.99E+00 

n EP(keV) F(#/s.O. I %BW) FDEN2 BR I 

1 4.87E-Ol 1.48E+ 15 2.20E+ 17 1.67E+I8 
3 1.46E+00 2.97E+13 6.88E+15 5.25E+ 16 
5 2.43E+00 6.53E+1I 1.71E+14 1.31E+ 15 
..... ...... ............. ...................... ................. ..................... 

K BO(T) PTOT(kW) PDEN2(W /(mr"2» PCEN(W) 
1.20 0.33 2.97E-Ol 8.53E+02 7.25E+00 

n EP(keV) F(#/s,O.l%BW) FDEN2 BR I 

1 3.19E-Ol 4.62E+ 15 5.40E+ 17 4.07E+18 
3 9.56E-Ol l.l1E+15 2.24E+ 17 1.71E+18 
5 1.59E+OO 3.lOE+14 7.35E+ 16 5.61 E+ 17 

.............. ....... .. ...... .. ................. ......................... 

K BOn) PTOT<kW) PDEN2(W /(mr"2» PCEN(W) 
2. 12 0.58 9.26E-Ol 1.54E+03 2.02E+Ol 

n EP(keV) F(#/s,O. l %BW) FDEl'i2 BR I 

1 1.69E-Ol 6.23E+ 15 4.73E+ 17 3.52E+18 
3 5.06E-Ol 3.1 7E+ 15 4.82E+17 3.65E+18 
5 8.44E-Ol 1.95E+ 15 3.74E+ 17 2.85E+18 
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NPOLE 
32 

E(GeV) 
1.50 

I(Amp) 
0.400 

LAMBDW(cm) 
13.60 

EP(keV) 

5.oooE-m 
l.oooE-02 
5.oooE-02 
l.oooE-01 
5.oooE-01 
1.oooE+00 

3.098E+00' 
5.oooE+00 
l.oooE+01 
2.oooE+01 
5.oooE+01 
l.oooE+02 

Table 4-1b. Wiggler W13.6. 

SIGX(mm) 
0.330 

SIGY(mm) 
0.063 

SIGPX(mr) 
0.030 

SIGPY(mr) 
0.016 

XLEN(m) BOm ECR(keV) PTOT(kW) PDEN2(W /(mr"2)) 
2.18 2.07 3.10 5.31E+00 7.27E+02 

F FDEN1 FDEN2 BRI 

5.878E+14 1.176E+14 1.529E+ 13 9.123E+ 13 
7.355E+ 14 1.471E+14 2.426E+ 13 1.448E+ 14 
1.212E+15 7.425E+14 7.070E+ 13 4.219E+ 14 
1.477E+15 2.953E+14 1.116E+14 6.66OE+ 14 
2.083E+ 15 4.166E+14 3.060E+ 14 1.825E+ 15 
2.161E+15 4.321E+14 4.384E+14 2.614E+15 

1.537E+15 3.073E+ 14 5.551E+14 3.305E+15 
9.720E+ 14 1.944E+14 4.541E+14 2.699E+15 
2.482E+ 14 4.963E+13 1.688E+ 14 9.986E+ 14 
1.298E+13 2.597E+12 1.282E+ 13 7.508E+13 
1.218E+09 2.437E+08 1.935E+09 1.102E+ 10 
1.890E+02 3.780E+01 3.828E+02 2.120E+03 

Many x-ray techniques used in the biological sciences require x-rays in the 8- to 20-keV 
region. Protein crystallography, for example, requires x-rays of wavelengths commensurate 
with atomic dimensions, and fluorescent analysis of elements of intermediate atomic number 
requires x-rays of energy sufficient to excite the characteristic K or L radiation of the elements 
in question. To perform such experiments at the ALS requires a wiggler rather than an 
undulator as the insertion device. Whereas an undulator produces a soft x-ray spectrum having 
tunable sharp peaks and a radiation pattern that is sharply peaked in the forward direction, a 
wiggler produces a broadly peaked (or white) spectrum of harder x-rays, which is spread into a 
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relatively wide fan of radiation emerging from the insertion device. Therefore, as a 
complement to the U3.9 undulator, the Life Sciences Center will include a wiggler of the type 
described in An ALS Handbook.! Its performance is summarized in Figs. 4-1 and 4-2 and in 
Table 4-1 b. With a 2.0-cm gap, the spectrum of this 13.6-cm-period wiggler extends to almost 
20 keV; the spectral peak is in the 2- to 6-keV region. An intense x-ray source of this kind 
offers a variety of experimental opportunities in the biological sciences. 

Mechanical Description 

A typical ALS permanent-magnet insertion device, as proposed here, is shown in Fig. 4-4. 
Each such device consists of a magnetic structure, a support/drive system, and a vacuum 
system. 

The magnetic structures are of the hybrid configuration, with construction similar to the 
wigglers for the SSRL Beamlines VI and X. For the ALS, we will use a relatively new 
permanent-magnet material, neodymium-iron (Nd-Fel, as the current-sheet-equivalent material 
in the structures. This material has a stronger remanent field, is more durable, and is less 
expensive than samarium-cobalt. A cross section of a typical magnetic configuration is shown 
in Fig. 4-5, along with a corresponding quarter-period magnetic flux plot. Shown in the figure 
is a configuration made up of keeper assemblies, each consisting of a keeper, a pole, and 
oriented permanent-magnet material, bolted to a backing beam. Also shown in the cross 
section are tuning studs, variable magnetic shunts that allow fine tuning of the magnetic fields. 
Based on our fabrication experience, most insertion devices do not require the use of these 
tuning studs, but they will be provided as insurance. 

Permanent-magnet rotators are provided as field end correctors. The backing beams, to 
which the keeper assemblies are attached, are sized so that the maximum gap deflection will be 
less than 50 11m under peak-field operation. 

The support structure and drive system designs are similar for both insertion devices, with 
four-post support structure configurations similar to those used for the Beamline VI and X 
insertion devices. The structures extend only 24 inches inward and outward from the electron­
beam center line, which allows for an adequate aisle within the accelerator tunnel. The 
maximum structure height is 94 inches, allowing the devices to fit within the 8-foot-high 
tunnel. Each device has a single drive system for opening and closing the magnetic gap for 
magnetic field adjustment. The drive mechanism is a roller-screw/chain system similar to those 
used on the SSRL Beamline VI and X wigglers. This system consists of four right-handed 
roller-screw/nut assemblies on the upper half and four left-handed roller-screw/nut assemblies 
on the lower half of the insertion device, coupled together with four drive shafts. These 
assemblies are driven by a stepper motor and a reduction unit through a roller chain and 
sprocket arrangement. Magnet gap position is encoded via a rotary encoder, with provision for 
a high-resolution linear encoder to be used in conjunction with a monochromator. Limit 
switches and mechanical stops provide system protection. 

The -vacuum chambers are of the rigid type, similar to that fabricated for the SSRL 
Beamline X wiggler. For ease of commissioning, the vacuum chambers in the insertion 
regions will initially have a beam-stay-clear gap of 2 em. Adding 0.5 cm for fabrication 
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Figure 4-5. (a) A cross section and (b) a quarter-period magneticj/ux plot/or a hybrid 
insertion device. The current-sheet-equivalent material (CSEM) is neodymium-iron_ 

allowances and chamber thicknesses, the mInInlUm magnet gap will be 2.5 cm during 
commissioning. After commissioning, the insertion devices will be retrofitted with chambers 
having I.O-cm minimum vertical apertures, which will allow for operation with magnetic gaps 
as small as 1.5 cm. Figure 4-6 shows a typical transverse cross section of the vacuum 
chamber, together with wiggler WI3.6. 

UNDULATOR BEAMLINE FOR BIOLOGICAL RESEARCH 

As part of the ALS Life Sciences Center, an undulator on the ALS will provide soft x-ray 
beams for a wide variety of imaging studies in life sciences research. One of the key features 
of the ALS will be its ability to make soft x-ray images in a very short time (of the order of a 
millisecond), and this has a determining effect on the style of utilization. Specifically, it 
indicates that one can have several experiments using the same source, with generous access to 
beam time for all. 

An important requirement in life sciences research is to have adequate facilities for 
preparing and characterizing samples by means unrelated to the use of synchrotron radiation 
and to have these facilities as closely integrated with the x-ray-imaging systems as possible. 
The Life Sciences Center exploits the favorable floor layout of the ALS to address these needs 
in a new and unique way. 

X-ray microscopy is still in a relatively early phase of evolution (mainly in the hands of 
physicists), and important improvements to the technique can still be expected.2 To encourage 
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Figure 4-6. A cross sectioll of wiggler IV 13.6 with a I -cm-l'ertical·aperture l'acuum chamber, 
desiglled to fit a / .5-cm gap. 

this type of activity, at the same time allowing regular and predictable user service, we propose 
two separate instruments, one to be kept in a standard operating mode at essentially all times 
and another that is open for some user service but is also available for developing 
improvements and new ideas. 

The x-ray microscope development work that has taken place in the U.S. has focused to a 
considerable extent on the scanning x-ray microscope (the x-ray analogue of the scanning light 
or electron microscope)) This type of system has the advantage of delivering the minimum 
possible dose to the sample and of being naturally suited to quantitative chemical microanalysis 
and computerized image processing. It also makes it convenient to keep the sample in its 
normal environment of water, under normal atmospheric pressure. We plan to take advantage 
of the experience gained in this technology by the activities of, among others, the Stony Brook 

. group in operating scanning microscopes at the NSLS and to construct two microscopes of this 
type . The proposed system can also be readily adapted to use an imaging (Gottingen-type) 
microscope. In addition to the microscopes, a special beam channel will be provided for 
diffractive imaging by methods such as x-ray holography,4 a field where LBL has played a 
pioneering role, and an open, uncommitted port will be available for other forms of imaging, 
such as "flash" imaging, contact microradiography, and other new ideas that may arise. 
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Technical Requirements 

The x-ray beams for scanning x-ray microscopy and diffractive imaging must be fully spatially 
coherent and sufficiently monochromatic to have enough temporal coherence for the job.5 This 
latter requirement is satisfied if the number of temporally coherent waves is equal to the number 
of zones of the zone plate x-ray lenses used in the microscope. This requirement (and the 
somewhat similar needs of holography and diffraction) are met by having a monochromator 
with resolving power A/IJ.A of about 1000. We describe a way to achieve this below; it is not a 
demanding requirement. Spatial coherence is achieved by means of spatial filtering, which is 
easy to do, and which will not cause a large loss of flux for an ALS undulator source because 
these devices are fairly close to diffraction limited (single mode), especially at lower energies, 
and deliver correspondingly high average coherent power. 

The x-ray wavelengths needed in this type of work span the region from about 0.5 to 7 
nm, with special importance given to the so-called water-window region between the oxygen 
K-edge (2.3 nm) and the carbon K-edge (4.4 nm). Within the latter range, water is essentially 
transparent, whereas carbon- and nitrogen-containing materials give absorption contrast. At 
shorter wavelengths, there are still many important studies to do, but the imaging methods 
required are generally different from those considered here and are addressed below in the 
description of the wiggler beamline. It is important that the x-ray beam be wavelength tunable 
over the entire operating range. 

I! is very desirable for biological experiments to have the sample mounted on a horizontal 
microscope stage. However, synchrotron radiation beams are initially horizontal, and in the 
soft x-ray region, it is difficult to achieve the 90° deflection needed to get a vertical beam unless 
one sacrifices efficiency and tunability . Our approach to this problem is to use the best 
available technology (and to make developmental efforts to improve it) to provide a vertical 
beam for one of the two microscopes. This microscope would have a horizontal sample stage 
situated at bench height in a biology laboratory on the floor above the main experimental area 
and would thus offer an especially convenient working environment; however, there would be 
some compromises in exposure speed and wavelength tunability. The other microscope would 
have a horizontal beam and a vertical stage, still in a biology laboratory environment, and 
would require none of the above compromises. 

Table 4-2 thus summarizes the capabilities that we wish to make available; the necessary 
technical systems are described below. 

Elements of the Design 

X-Ray Microscopes. As discussed just above, the Center will incorporate two scanning 
microscopes, although we will build them so that the conversion to an imaging microscope 
would be straightforward, should it be required in the future. The scanning x-ray microscope, 
like its cousins using light or electrons, operates by first forming, by means of a lens, a finely 
focused probe, which is held stationary and whose position defines the focal plane of the 
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Table 4-2. Descriptive characteristics and capabilities oj the Life Sciences Center undulator 
beam channels alld experimelltal stations. 

Bcam 
channel 
name 

2 

3 

4 

5 

6 

Floor 
level 

upper 

lower 

lower 

lower 

lower 

lower 

X-my beam 

type 

monochromatic 
soft x-my 

monochromatic 

soft x-my 

monochromatic 
soft x-my 

monochromatic 

soft x-my 

monochromatic 
harder x-my 

white 

Microscope 

type 

horizontal stage, scanning 

initially open station 

hologmphy, diffraction 

vertical stage, scanning 

1-3 keY, vertical stage, 

scanning 

none 

Comments 

some compromise of 

speed and tunability 

no compromise of the 

type above 

no compromise of the 

type above 

uncommilled port 

instrument. The instrument operates by scanning the sample in a raster pattern (as in the 
formation of a television picture) through the focal plane. The image is accumulated and 
stored in a computer by counting x-rays at each point of the raster and using the x-ray count as 
the strength (grey level) of the picture at that point. The x-ray beam is focused by means of a 
fresnel zone plate lens,6 as described in Section 3. The smallest possible focus is roughly 
equal to the spacing of the narrowest lines at the edge of the plate. The obtainable resolution of 
these devices is thus detemlined by the quality of the available microfabrication capabi lity for 
making the zone plates. 

Monochromator. The optical layout for the undulator beamline is shown schematically in Fig. 
4-7. This scheme provides four possible output channels: a "white beam" port; an upper beam, 
which goes to the laboratory at the upper (mezzanine) level; and a lower beam, which is best 
seen in the plan view and which can be switched to either of two experimental stations. The 
dimensions and angles are distorted for clarity in Fig. 4-7. The beamline includes a spherical 
grating monochromator of a type that is becoming quite standard in present-day synchrotron 
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Figure 4-7. A plan view and an elevation of the beam line designed for ulldulator U3.9. The 
distances and angles are distorted for clarity; actual dimensions (in meters) are as follows: UG 
= 16; GSI = 6.72; GS2 = 13.12; SIMI = 1.0; MIM2, MIM3 = 0.9; M3F2, M2FI = 1.0; 1:2ZPI 
= 2.0; S2M4 = 1.0; M.JM5 = 1.27; M5F3 = 1./3; F3ZP2 = 2.88; all the mirrors deflect the beam 
by.J '. The lower and upper beams emerging from the monochromator are at 4.00' and 5.15" to 
the horiwntal, respectively. 

radiation practice'? The monochromator has only one grating, with 300 lines/mm, working in 
negative order, and uses the source as the entrance slit. After some power-reducing apertures, 
the beam from the source impinges on the grating as the first element, which is therefore 
intensively water-cooled. The instrument has two fixed output arms, each with an exit slit and 
each providing a fully tunable source over the entire wavelength range. When one arm has 
been set to provide a chosen wavelength, the other arm still gives some light which may be 
useful. There are some interesting possibilities here, such as supplying the first harmonic to 
one microscope and the third harmonic to the other. This can be done with the system 
described here if line U 1 receives 0.9-nm radiation and Ll or L2 receives 2.7-nm radiation. It 
is al so possible to feed both arms with x-rays in the water-window wavelength region. 

Wavelength is scanned by simple rotation of the grating, and the depth of focus of the 
system, utilizing the undulator central cone, is such that it suffers negligible defocusing over its 
entire operating range of 0.5- 7.3 nm. For a sufficiently well-made grating, the resolution is 
diffraction limited-or source-size limited, which is the same thing for a single-mode source. 
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The throughput and resolution of the system are given in Fig. 4-8 and Table 4-3. The rates 
quoted in Fig. 4-8 translate into exposure times for a picture of roughly a millisecond. For 
applications that do not use a zone plate, the coherent photon rate could be obtained by 
removing the zone-plate efficiency factor of 0.03. 

The choice of this type of system was dictated by the need for highest efficiency, tolerance 
to overall system geometrical instabilities, and the moderate resolution requirement. The 
simplicity of the system derives, in part, from the low numerical aperture of diffraction-limited 
soft x-ray beams. The optical fabrication tolerance involved is around one second of are, 
which is quite severe, but it only needs to be held over an area of 1 mm x 24 mm, which is the 
size of the footprint of the central cone on the grating. 

A major reason for choosing a design for this scheme that has no entrance slit is its 
tolerance to moderate-sized movements of the source. For vertical movements, the effect is a 
shift of the wavelength scale. For horizontal ones, the intermediate image of the source and the 
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Table 4-3. MOl/ochromalor reso/utiol/jor Ihe spherical gratil/g desigl/ proposed jar Ilze U3.9 
beam/it,.. 

Wavelength 

(nm) 

0.7 

1.0 

1.5 

2.0 
3.0 
4.0 

5.0 

6.0 
7.0 

Resolution (nm), 

lower beam 

0.0009 

0.0009 

0.0010 

0.0010 
0.0011 
0.0012 
0.0013 

0.0014 

0.0016 

Resolution (nm), 

upper beam 

0.00\ 1 

0.0012 
0.0012 

0.0012 
0.0013 
0.0014 

0.0015 

0.0016 
0.0016 

final image in the scanning microscope (the one through which the sample is scanned) will all 
move by the same fractional amount that the source moved. For example, suppose the source 
is displaced vertically by one standard deviation of its Gaussian spatial distribution, that is, 
about 60 11m, or about 40% of its full width. This would give a wavelength shift of 40% of the 
resolution function width (5 x 10-4 nm or A/6000 at 3.0 nm). Now consider a horizontal shift 
of the same absolute amount, which is 20% of a horizontal standard deviation. In this case, the 
affected sample pixels would suffer a displacement of 20% of their width. These are small 
effects for fairly large perturbations of the beam. Had we chosen to use a real entrance slit (as 
opposed to using the source as the effective slit) or a real pinhole at the intermediate focus, then 
the source movements discussed above would have led to large (up to 35%) changes in the 
throughput of the system. 

Optical Trall.\/er to the Experiment. In each beam channel, the beam is conveyed to the entry 
point of the expcrimcnt by a pair of grazing-incidence spherical mirrors. This, again, works 
well as an imaging scheme because of the low numerical aperture of the beam and provides 
appropriate demagnification to image the source to a 50-11m-diameter intem1ediate focus. In the 
horizontal direction, a spherical mirror images the source, and in the vertical direction, a 
spherical mirror images the exit slit. The intermediate focus provides the source of light for the 
zone plate lenses of the scanning microscopes and for holography and diffraction. We note 
that all of the optical surfaces used in this scheme are spherical. This is the shape that is 
obtainable with the best figure and finish, and it gives the surest way to achieve the required 
optical fabrication tolerances. 
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Optics Requiredfor a Vertical Beam. The only established technologies that could be used to 
deflect a soft x-ray beam by about 90° are natural crystals and multilayer reflectors.8 The latter 
devices consist of multiple layers of materials arranged to operate essentially as a man-made 
Bragg reflector. Unfortunately, like all Bragg reflectors, they only reflect x-ray wavelengths 
that satisfy the Bragg condition. Normally, for a given reflector and reflecting angle, that 
means only one wavelength. The use of either crystals or multilayers is thus incompatible with 
wavelength tunability. One could mitigate this to some degree by having a variety of different 
crystals and multilayers to give perhaps a dozen or so wavelengths that could be selected. This 
is not totally satisfactory, but we believe that the goal of a horizontal stage is sufficiently 
desirable as to be worth the compromise. Furthermore, there are two other approaches, each 
of which has been successfully demonstrated once in a particular spectral region, and which we 
must consider promising but unproven in our region. These are graded-thickness multilayers 
and whispering-gallery reflectors. Both these approaches promise wide-band reflection 
capability, which would thus allow tunability. We plan to carry out research and development 
to further our understanding of the possibilities of these approaches. 

Manufacture of Optical Componellls. Two types of optical components are essential to the 
operation of any facility of this type: zone plates and multilayer reflectors. To obtain the best 
resolution, zone plates with very fine outer-ring spacing are needed. Present technology, 
including that practiced by LBL's Center for X-Ray Optics, allows the manufacture of plates 
with spacing of about 40 nm, and therefore resolution of about 50 nm. Over the next few 
years, we expect to push this toward a goal of about 10-20 nm, at which point further progress 
will be possible only by changes in the methods used. The manufacturing process that we will 
use employs the latest electron-beam writing techniques, which were developed for making 
masks for the semiconductor industry. This effort is part of an existing collaboration between 
LBL and the IBM Yorktown Heights Research Center. The manufacture of multilayer mirrors 
is also carried out by the Center for X-Ray Optics at LBL, which has a state-of-the-art facility . 
The multilayers required by this program will be made there and will be optimized for highest 
efficiency at the near 45° angles needed to provide a vertical beam of soft x-rays for the 
applications considered in this program. 

Architecrural Layow. The layout of the ALS facility allows each undulator source and its 
associated beamlines and experimental stations to have about 1000 square feet of dedicated 
experimental floor area in the immediate neighborhood of the station. In addition to this, there 
will be a mezzanine floor 16 ft (f1oor-to-f1oor) above part of the main floor. Further details of 
the building layout are given in Section 5 and to some extent in Fig. 4-7. All of the beamline 
downstream of a point 21 meters from the source lie under the mezzanine. It is thus possible to 
supplement the area of the main floor by using a laboratory located on the mezzanine, and there 
are strong sociological reasons for favoring this approach in the case of a biology facility . The 
most favorable environment for doing life sciences research with synchrotron radiation would 
be a well-equipped biology laboratory in which the apparatus needed to produce synchrotron 
radiation was not much in evidence. We believe the scheme presented here goes as far as one 
can toward this ideal. The upper-level x-ray microscope sample position is at bench level in a 
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laboratory that is otherwise free of x-ray equipment. The x-ray beam illuminates the sample by 
passing into the microscope through a small hole in the bench. The sample will be in air and 
will be almost as easy to load as it is in a light microscope. 

WIGGLER BEAMLINE FOR BIOLOGICAL RESEARCH 

We propose two branch lines and two experimental stations (comprising four experimental 
setups) for the wiggler beamline. One branch line is designed for spectroscopy (EXAFS, near­
edge structure measurements, etc.) and for microprobe studies. The second will be devoted 
mainly to crystallography, but experimental equipment for small-angle scattering is al so 
provided. 

Crystallography Branch Line 

Branch Line Design. The technical requirements for the protein crystallography branch line are 
determined by the nature of the proposed measurements. The design adopted here supports 
standard methods employing photographic rotation cameras with phasing by isomorphous 
replacement, at the same time making allowance for the increasing use of anomalous 
dispersion. This latter method involves the exploitation of the wavelength tunability of 
synchrotron radiation to use the edges of any reasonably heavy atom that may occur naturally 
in the crystal (or that can be introduced by a predictable chemical procedure) to phase the 
diffraction pattern. The intensities of each spot and its Friedel pair are measured at three 
wavelengths, one far below, one at, and one far above the edge. From these data the phases of 
the spots may often be obtained analytically. This approach can save time by eliminating the 
need to prepare heavy-atom derivatives. Moreover, in some cases, it allows one to eliminate 
errors and other problems associated with the use of many different crystals. 

Given these advantages of anomalous dispersion , we require a sufficient photon-energy 
tuning range to access the K- or L-edges of all the elements that will be used. The technical 
characteristics of the proposed branch line are given in Table 4-4, which indicates an available 
tuning range of 3- 15 keY. Such a range covers the elements up to lead. To get the best 
anomalous dispersion differences, it is desirable to use the dip in!, (the real part of the atomic 
scattering factor) that occurs near the edge. The resolution of ID-4 is needed if one is to set on 
this narrow feature. 

The optical layout of the branch line is shown in Fig. 4-9. The beam from the wiggler is 
first collimated in the vertical plane by the cylindrical mirror, M I, which will be made by elastic 
bending of a water-cooled, flat metal mirror. The beam then impinges on the first crystal, CI , 
of a standard ultrahigh-vacuum, double-crystal monochromator. This system has three 
mechanical motions: rotation of the first crystal and rotation and translation of the second 
crystal. The overall effect is to provide a monochromatic x-ray output beam at a fixed height. 
The mechanism also includes features allowing the convenient interchange of crystals, to allow 
other crystals such as germanium and multilayer-coated reflectors to be used. 

The first crystal receives a heat load that is fairly large, but not as large in total power or 
power density as those being planned at other synchrotron radiation facilities . Table 4-5 
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Table 4-4. Characteristics of the crystallography branch line. 

Souree critical energy (keV) 3.1 

Wiggler denection parameter. K 26 

Width of wiggler radiation fan (mr) 18 

Source output at 10 keY [photons/(s-mr-O.I % BW)] 1014 

(integrated over all vertical angles) 

Collected solid angle (mr2) 

Beam area at optical system (mm2) 

Spot size at sample (mm2) 

Convergence angles at sample (mr2) 

X-ray resolving power 

X-ray nux at sample at 10 keV (photons/s) 

Useful tuning range, defined as > 10% of the nux 

at 10 keV (keY) 

2 x 0.3 

28 x 4 

0.2 x 0.1 

2 x 0.3 

loA 

6 x 1012 

3-15 

includes numerical values for these loads. We anttctpate that standard water-cooling 
techniques, similar to those that LBL has used successfully with mirrors, will be adequate. 
The second crystal, C2, and the second mirror, M2, receive very small power loads and are 
designed accordingly. The last mirror is a toroid made by elastic bending of a cylindrical, 
fused-silica mirror of 22-mm radius. This radius provides focusing in the horizontal (sagittal) 
plane and limits the horizontal acceptance of the system to 2 mr. The elastically bent radius 
provides focusing of the initially collimated beam in the vertical (tangential) plane. The final 
result is almost a I: I image of the source, and this is applied to the sample. The adjustable 
focus of the M2 mirror can be used to enlarge (defocus) the spot size in the vertical direction to 
match the size of larger samples if this is desired. 

Branch Line Performance. The phase-space data for the x-ray beam are given in Table 4-4. 
We consider two examples of the use of these data. In the first, we consider a fairly large 
crystal, 0.5 x 0.5 mm2 , with a moderate unit cell size of 50 angstroms-such as might be 
found for an enzyme. In the second example, we consider a more challenging case of a smaller 
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Figure 4-9. Optical layout for the protein crystallography branch line. The deflection angles, 
equal to 5 mr, have been exaggerated for c/arily. The distances indicated are distances to the 
source. 
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Table 4-5. Characteristics of the optical system for the crystallography branch line. 

First mirror Crystals Second mirror 

Material Pt-coated, Ni- Silicon (III) Pt-coated fused 
plated metal silica 

Surface shape Cylinder Flat Toroid 

Bcam incidence angle (mr) 5 199 (at 10 keY) 5 

Tangential radius (km) 17.07 infinity 9.80 

Sagittal radius (m) infinity infinity 0.0227 

Disumce from source (m) 13 14 15 

Active surface area (mm2) 780 x 28 20 x 28 (at 10 keY) 780 x 28 

Maximum incident power (kW) 0.60 0.48 (first) small 
small (second) 

Maximum surface power 1.9 59 (first) small 
density (W!cm2) small (second) 

crystal, 0.1 x 0.1 mm2, and a unit cell of 1000 angstroms-as one might find for a vims. If 
the entire beam is to be applied to the experiment, the spatial size of the beam must be no larger 
than the crystal and the divergence angle must be no larger than the value (found by 
differentiating the Bragg equation) that guarantees separation of neighboring orders. For the 
first example, the phase-space acceptance is (0.5 x 0.5) x (2.5 x 2.5) mm2-mr2, so that the 
conditions are fulfilled and the entire beam can be accepted. The experiment is thus 
underfilled, so that the data rate depends on the source flux. Flux is therefore the figure of 
merit for the source. In the second example, the phase-space acceptance is much smaller, and 
both the spatial and angular acceptance of the experiment are overfilled, implying that some 
beam must be lost by closing down beam-defining slits (see Figure 4-9). In this case, the data 
rate depends on the source brightness. This branch line should thus be considered to have 
advanced performance for experiments on small crystals with large unit cells and a performance 
similar to that of existing synchrotron radiation sources for experiments on larger crystals with 
small unit cells. 
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Experimental Equipment for Crystallography. This branch line includes an imaging-plate 
detector system to acquire the diffraction patterns. A system to rapidly change and scan the 
plates will also be built, so that the diffraction data are available almost immediately for 
computer analysis. The design provides for a sample alignment stage with a capability for 
sample cooling. Diagnostic instrumentation are also furnished, to allow rapid focusing and 
calibration of the x-ray beam. 

Experimental Equipment for Small-Angle Scattering. A small-angle scattering camera is 
included in the beamline design, essentially as a separate experimental station, which can be 
used as an alternative to the wide-angle crystallography station. It consists of two parts, a 
sample holder and a special detector operating at a large distance. The existing beamline and 
monochromator system would be used unchanged and would give a wavelength tunability that 
would support anomalous scattering. The resolution provided by a silicon monochromator is 
much better than required for most scattering experiments, and it would be appropriate to 
invoke the multilayer option for these experiments. The important parameter is the angular 
resolution, and this is achieved by the same slit system that is provided for crystallography. 

The special features of the sample holder is an ability, achieved with various attachments, 
to provide an environment that is controlled with regard to temperature, pressure, chemical 
environment, electric field, and/or orientation to the beam. The detector we propose is a one­
dimensional multiplexed detector that can accept data very rapidly. Suitable electronics and 
interfaces to the beamline computer system are provided. The state of the art of these general 
types of detector is changing rapidly, and it is likely that new capabilities will be available by 
the time we purchase a system. Two-dimensional or energy-resolving detectors may be readily 
available, in which case they can be used to enhance the performance of the beam line. The 
flight path to the detector is provided with suitable plumbing, so that various options of 
windows and atmospheres (air, helium, or vacuum) can be exercised. 

The same system that we describe here can be adapted for wider-angle scattering, using 
the image plate or film system included in the crystallography station. A further option is to 
use the small-angle camera with the low-energy monochromator at the spectroscopy station for 
ultrahigh Q resolution studies. 

Spectroscopy/Microprobe Branch Line 

Branch Line Design. The layout of the spectroscopy/microprobe branch line is essentially 
identical to that of the crystallography branch line (Fig. 4-9), apart from a few special features 
entailed by the lower energies to be exploited in spectroscopic studies. The 
spectroscopy/microprobe branch line will be equipped with a monochromator capable of 
windowless operation and able to provide state-of-the-art performance at energies of 2.0 keY 
and below. The monochromator will be preceded by a mirror that will pre-collimate the beam 
for incidence on the first crystal. For microprobe studies, the monochromator will have a 
feature that allows the incoming beam to pass through untouched, so that the microprobe optics 
(which includes its own monochromator) can image the source at large demagnification. 
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Silicon is the most widely used synchrotron radiation monochromator crystal, and the 
technology is well-developed. It has a 2d spacing of 6.271 A and is tunable through the 
energy range 2-20 keY. This energy range will allow EXAFS/XANES investigations 
involving elements with atomic numbers greater than 16 (sulfur) . Extension to elements of 
lower atomic number, such as aluminum, will require a monochromator equipped with a 
crystal of longer d-spacing, such as beryl (l010): 2d = 15.954 A, energy range = 0.8-9.0 
keY. However, beryl is more fragile than silicon in hostile thermal environments, and it will 
require protection from the high power levels of the wiggler beam. Accordingly, the branch 
line design includes a pre-monochromator of low resolution at the entrance to the high­
resolution monochromator, to remove most of the power. We anticipate using multilayer 
technology in the fabrication of this pre-monochromator, so as to provide the best possible 
resolution-flux tradeoff in the traditionally difficult region between 1 and 3 keY. 

End Station Design. The experimental station for this branch line will be located in a special 
large hutch designed to facilitate the semiautomated interchange of experiments. The main 
experimental systems for the two primary types of experiments will be located on rigid tables, 
mounted in turn on rails, so that the systems can be interchanged without dismantling either. 
Experimental systems for both EXAFS/XANES and the x-ray microprobe are included in the 
design. Additional table space will also be available, so that experimental systems provided by 
users might be built off-line, then moved into the beam with equal convenience. 

Experimental Equipment for Spectroscopy. For spectroscopy the branch line will be equipped 
with a multielement detector system for the study of fluorescent EXAFS of dilute biological 
samples. Other special detector systems designed for the 1- to 3-keY region are also included 
in the conceptual design, along with standard sample cells and mounts, computer, software, 
and electronics. 

Microprobe Experimental Equipment. In an x-ray fluorescent microprobe, x-rays of a suitable 
energy are focused to a small spot (about I 11m or less) on the specimen. These incident x-rays 
excite the K or L shells of the elements within the sample, causing them to emit characteristic 
fluorescent radiation, which is then detected by an energy-dispersive solid-state detector. 
Alternatively, an array of wavelength-dispersive detectors, such as single-crystal Bragg 
spectrometers, can be used. This kind of instrument allows the simultaneous assay of a 
number of elements in a microscopic volume of biological material, and by scanning, the 
distribution of a particular element or elements within the sample can be mapped. In a 
prototype instrument developed at LBL, the sensitivity for detection of elements with atomic 
numbers up to Z = 30 (zinc) was tens of femtograms. 9 An increase of the energy to 15 keY 
will allow detection of most elements of biological interest, by either K or L fluorescence. 

The optimum microprobe beam line uses white radiation. Multilayer optics, used in a 
Kirkpatrick-Baez crossed-mirror configuration, are used to demagnify the source of radiation 
within the wiggler, and thus to provide a small focal spot. A spot size of less than 10 11m 
square has already been achieved, and, with improved optics, we expect to achieve a spot size 
of I 11m or less by the time this biology facility becomes operational. The multilayers also 

60 



provide a degree of spectral selectivity (ElM = 10) that is a better match to the requirements of 
a microprobe than is the high resolution obtainable with a silicon-crystal monochromator. 

The components of the microprobe include a two-mirror focusing sys tem, a sample­
positioning stage with sub-micrometer resolution, a light microscope/TV setup for accurate 
positioning of sample features under the focal spot, and a Si(Li) detector to measure fluorescent 
x-rays. 
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5. 
CONVENTIONAL 
FACILITIES 

THIS section briefly describes the conventional facilities 
included in the scope of the project to build a Life Sciences Center at the ALS. A schedule and 
a summary of the cost estimate are included in Section 6. More detailed infonnation on the 
conceptual design of the conventional facilities can be found in Appendix A. 

The Life Sciences Center will be located in existing Buildings 6 and 80, within the ALS 
complex, as shown in Figs. 5-1 and 5-2. This location provides users of the Center with direct 
access to the ALS experimental facilities, thus assuring optimum integration of associated 
research and development activities. This cost-effective use of existing space and available 
utilities also ensures negligible environmental impact. The Center will occupy a total of 13,300 
gross square feet (GSF): 7300 GSF in the ALS building itself (Building 6) and 6000 GSF on 
the extended mezzanine level of the contiguous Building 80. 

Two ALS beamlines dedicated to the Life Sciences Center will be located in the 
experimental area on the first floor of Building 6, directly below the mezzanine-level space 
occupied by the Center. Self-contained, modular wet laboratories of 1225 and 975 GSF will 
be provided as parts of the end stations on the two beamlines, as shown in Fig. 5-3. 

Space on the mezzanine level of Building 6 will be provided to the Life Sciences Center as 
unfinished open space, with all required utilities and services stubbed into the area. 
Construction of the Center will include the cost of improvements necessary to finish and outfit 
the space for laboratories, cold rooms, offices, and ancillary storage areas, as shown in Fig. 
5-4. One beamline will be reflected vertically from the ALS experimental area into the 
mezzanine-level laboratory area. Appropriate HVAC, power, lighting, partitions, integrated 
communications systems, and other services will be provided as required. 

The existing mezzanine in Building 80 will be extended to accommodate the facilities of 
the Life Sciences Center. Modifications will be necessary to existing HV AC, power, lighting, 
partitions, and integrated communications systems. The modified space will contain a large 
biochemistry wet laboratory, a microscopy suite, a surgery room, a cell and tissue culture 
laboratory, and supporting facilities, including dish washing equipment, cold room, and a 
storage/equipment room. The plan for the second floor of Building 80 is shown in Fig. 5-5. 
A new passenger/service elevator of 5000-lb capacity will be provided to allow handicapped 
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access to the second floor. The elevator will also serve the Life Sciences Center facilities on 
the mezzanine level of the ALS building. 

A schedule of net areas, functions, and occupancy for the Center is provided in Table 5-1. 
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Table 5-1. A summary oj I/el areas,jul/ctiol/s, al/d occupal/cy oj Ilze cOl/vel/tiol/aljacilities in 
Buildings 6 and 80. 

Net area (sq. fl.) 

Lab 

Labs offices Other Occupants 

BUILDING 80 

Biochemistry 1,430 
Microscopy suite 1,035 
Surgery 530 
Cell and tissue culture 595 
Labomtory oflices 400 

Glassware, dishwa,hing 300 
Cold room 80 
Storage/equipment room 310 

Subtotal, Bldg 80 3,590 400 690 18 

BUILDING 6 

Beamline laboratories 2,200 

Mezzanine 

Laboratories 1,990 

LabomLOry oflices 1,470 

Cold rooms 120 
Storage 195 

Subtotal, Bldg 6 4,190 1,470 315 14 

Total, both buildings 7,780 1,870 1,005 32 

Total net usable area: 10,655 sq. fl. 

Gross enclosed areas (sq.ft.) 

Building 80: 6,000 

Building 6: 7,300 

Total gross eneiosed area: 13,300 sq. ft. 



6. 
SCHEDULE AND 
COST ESTIMATE 

THE scope of the ALS Life Sciences Center project i~cludes 
two insertion devices, together with their associated beamlines and experimental end stations; 
13,300 gross square feet of conventional facilities, including offices and support laboratories, 
fully equipped for light and electron microscopy, cell and tissue culture, and a range of 
preparative and analytical procedures; engineering, design, and inspection; project management 
and administration; and contingencies. The cost estimate does not include the cost of R&D or 
the preoperational costs associated with project commissioning. 

SCHEDULE 

The project schedule has been developed under the following assumptions: 

• Construction funding will begin in FY 1993, and the project will be completed in three 
years. 

• The project will be accompanied by an R&D program for insertion device and beamline 
studies, engineering models, and development of unique components. 

• There will be preoperational funding available in each of the construction years to lay the 
organizational groundwork for productive use of the Center as a national user facility, as 
well as to ensure efficient commissioning of the insertion devices and beamlines. 

With these assumptions, we have developed a project schedule with the following significant 
features: 

• The schedules for conventional construction and for fabrication of the special research 
facilities are not strongly interdependent. It is only necessary that the beamline 
laboratories and the affec ted space in the mezzanine (Building 6) be near completion before 
installation of the undulalOr beamline and experimental stations. 

71 



SCHEDULE AND COST ESTIMATE 

• Work on the more technologically advanced undulator facilities will begin one quarter 
earlier than work on the wiggler facilities. 

• The time required for engineering, design, fabrication, and installation of the undulator 
facilities defines the length of the project; all aspects of conventional construction can be 
completed within about two-and-a-half years. 

Figure 6-1 shows the project schedule in bar-chart form. 

COST ESTIMATE 

The work breakdown structure (WBS) is a complete compilation of all the work elements in 
this construction project. It defines the scope of the project in terms of the work to be done, 
and it provides a structure for collecting costs in an organized fashion. An abbreviated WBS 
for the Life Sciences Center is the basis for the cost estimate summary shown in Table 6-1. 
Level I, the item with a single-digit code, represents the entire project. Level 2 gives the 
breakdown into the major categories of project management and administration (1.1), special 
research facilities (1.2), conventional facilities (1.3), and contingencies (1.4). Still lower 
levels of the WBS subdivide the project into ever-finer detail. The cost summary of Table 6-1 
shows detail in some cases down to level 5. Note that engineering, design, and inspection 
(ED&I) is a separate level 3 item for both special research facilities and conventional facilities. 

The full cost estimate was developed in terms of FY 1990 dollars, then escalated to obtain 
the total estimated cost (TEC) of the project. The estimate includes project management and 
administration, ED&I, and deliverables, as well as costs for providing environmental, safety, 
and health-related support. Contingencies were estimated separately at WBS level 2 for 
management, at levels 4 and 5 for special research facilities, and at levels 3 and 4 for 
conventional facilities. 

Table 6-2 is a more abbreviated cost summary, in which escalation is shown as a separate 
item and the TEC is given in then-year dollars. To determine the escalation, and thus the TEC, 
a funding profile consistent with the schedule of Fig. 6-1 was developed, and escalation was 
applied to calculate the cost profile in then-year dollars. The escalation rates, given in Table 
6-3, come from the latest available Department of Energy guidelines for construction projects. 
This table shows how the $25.05 million cost estimate, in FY 1990 dollars, escalates to $30.70 
million in then-year dollars over the life of the project. 

Table 6-4 is a project cost summary in terms of then-year dollars. Here, escalation has 
been included in each of the cost categories and thus does not appear explicitly as a separate 
line. 

Finally, Table 6-5 is a cost schedule by major categories. This table breaks down the 
costs for each fiscal year into major cost categories, thus showing the cost profiles for major 
systems. An obligations schedule for the entire project is also given at the bottom of the table. 
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ELEMENT 

1.1 Project Management 

1.2 Special Research Facilities 

Wiggler Facilities 

EDt 

Wiggler 

Wiggler Beamline(s) 

Installation 

Undulator Facilities 

EDI 

Undulator 

Undulator Beamline(s) 

Installation 

1.3 Conventional Facilities 

EDI 

Conventional Construction 

Special Facilities 

Standard Equipment 

FY93 FY94 

I I 

I I 

I I 

I 

Figure 6-1. Overall project schedule/or the ALS Life Sciences Center. 
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Table 6-1. Summary oj the bollom-up cost estimate. All costs are shawl/ il/thousal/ds oj FY 
1990 dollars. 

life Sciences Center· TEC (all costs shown in FY1990 K$) 

1 .1 . Project Management & Administration 

1.2. Special Research Facilities 

1.2.1 Engineering. Design. & Inspection 

1.2.1.1 EDI . Wiggler Facility 

1.2.1.1.1 
1.2.1.1.2 
1.2.1.1.3 
1.2.1.1.4 

EDI. Wiggler 
EDI, Wiggler Beamline Frontend 
EDI, Diffraction Facility 
EDI, Spectroscopy/Microprobe Facility 

1.2.1.2 EDI, Undulator Facility 

1.2.1.2.1 
1.2.1.2.2 
1.2.1.2.3 

EDI, Undulator 
EDI, Undulator Beamline Frontend 
EDI, Soft X·ray Imaging Facility 

1.2.2 Wiggler Facility 

1.2.2.1 Wiggler 

1.2.2.2 Wiggler Beamline Frontend 

1.2.2.3 Diffraction Facility 
1.2.2.3.1 Crystallography Branchline 
1.2.2.3.2 Crystallography Station 
1.2 .2.3.3 Small Angle Scattering Station 

1.2.2.4 Spectroscopy/Microprobe Facility 
1.2.2.4.1 Spectroscopy/Microprobe Branchline 
1.2.2.4.2 Spectroscopy Station 
1.2.2.4.3 Microprobe Station 

1.2.3 Undulator Facility 

1.2.3.1 Undulator 

1.2.3.2 Undulator Beamline Frontend 

1.2.3.3 Soft X-ray Imaging Facility 
1.2.3.3.1 Main Beamline 
1.2.3.3.2 
1.2.3.3.3 
1.2.3.3.4 

Main Scanning Microscope Station 
R/D Scanning Microscope Station 
Diffraction Imaging Station 

601 
199 
614 
761 

466 
160 
938 

1,172 
454 
142 

1,562 
239 
268 

1,021 
604 
494 
399 

25,050 

1,422 

13,352 

3,739 

2,175 

1,564 

5,536 

1,102 

597 

1,767 

2,069 

4,077 

1,047 

514 

2,517 



Table 6-1 cOlllillued. 

1.3. Conventional Facilities 5 ,368 

1.3.1 Engineering, Design, & Inspection 506 

1.3.2 Construction 3,075 
1.3.2.1 Improvements to Land 1 2 
1.3.2 .2 Building 80 Improvements 1,170 
1.3.2 .3 Building 6 Improvements 766 
1.3.2.4 Site Utilities 84 
1.3.2.5 Special Facilities 1,043 

1.3.3 Standard Equipment 1 ,787 
1.3.3.1 Biochemistry 1,067 
1.3.3.2 Microscopy 109 
1.3.3.3 Cell and Tissue Culture 139 
1.3.3 .4 Surgical Suite 80 
1.3.3.5 General Support Equipment 392 

1.4. Contingency 4,909 

1 .4.1 Special Research Facilities & Mgt 3 ,83 0 

1.4 .2 Conventional Facilities 1,079 
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SCHEDULE AND COST ESTIMATE 

Table 6-2. Project cost summary. Allfigures are givell ill thousallds oj FY 1990 dollars, except 
the total estimated cost, which is givell ill thousallds oj theil-year dollars. 

Life Sciences Center (TEC. then-year $) $ 30,700 

1.1 Project Management & Administration 1,422 

1.2 Spccial Research Facilities 13,352 

1.2. I Engineering, Design & Inspection 3,739 

1.2.2 Wiggler Facility 5,536 

1.2.3 Undulalor Facility 4,077 

1.3 Conventional Facilities 5,368 

1.3.1 Engineering, Design & Inspection 506 

1.3.2 Construction 3,075 

1.3.3 Swndard Equipment 1,787 

1.4 Contingency 4,909 

1.4.1 Special Research Facilities and Mgml. 3,830 

1.4.2 Conventional Facilities 1,079 

Escalation 5,650 

Table 6-3. Escalation schedule. Costs are given in thousands oj dollars. 

FY90 FY91 FY92 FY93 FY94 FY95 TOlal 

FY 1990 S 3,515 9,490 12,045 25,050 

Inllation (%) 3.6 4.5 5.1 5.6 5.7 

Escalation factor 1.000 1.036 1.083 1.138 1.202 1.270 

Then-year S 4.000 11,400 15,300 30,700 
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Table 6-4. Projecl cosl summary ill Ihousallds of Ihen-year dollars. 

1. Life Sciences Center (TEC) $ 30,700 

1.1 Project Management & Administration 1,711 

1.2 Spccial Research Facilities 16,289 

1.2.1 Engineering, Llesign & Inspection 4,520 

1.2.2 Wiggler Facility 6,773 

1.2.3 Undulator Facility 4,996 

1.3 Conventional Facilities 6,669 

1.3.1 Eng ineering, Design & Inspection 596 

1.3.2 Construction 3,831 

1.3.3 Sumdard Equipment 2,243 

1.4 Contingency 6,031 

1.4.1 Special Research Facilities and Mgmt. 4,691 

1.4.2 Conventional Facilities 1,340 

Table 6-5. CoSI schedule by majorcalegories, illlhousallds oflhell-yeardollars. All obligalioll 
schedule for tile complele projecl is gil'en allhe boltom of Ihe lable. 

FY93 FY94 FY95 Total 

1.1 Project Mgmt. & Administration 540 570 602 1,711 

1.2 Special Research Facilities 

Wiggler Facility 1,365 4,025 4,013 9,404 

Undulator Facility 967 2,944 2,974 6,885 

I.3 Conventional Facilities 331 1,927 4,411 6,669 

1.4 Contingency 796 1,935 3,300 6,031 

Costs, lOulls by year 4,000 I 1,400 15,300 30,700 

Obligations, totals by year 5,100 15,300 10,300 30,700 
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Project Description 

ALS LIFE SCIENCES CENTER 

SECTION 1 

INTRODUCTION 

This section summarizes the conventional facilities included in the scope of the 
Advanced Light Source (ALS) Life Sciences Center project. More detailed information 
covering scope, cost and schedule is included in sections that follow. 

The Life Sciences Center will be located in existing Buildings 6 and 80 within the ALS 
Complex as shown on the drawings in Section 5. This location provides the Center 
with direct access to the ALS experimental facilities for optimum integration of 
associated research and development activities. Drawing T-1 shows the location of 
the proposed Center on the Lawrence Berkeley Laboratory (LBL) site, Drawing A-1 
shows its site location within the ALS Complex. 

The Center will occupy a total of 13,300 gross square feet (GSF) ; 5,100 GSF on the 
mezzanine level and 2,200 GSF on the first level of new ALS Building 6, and 6,000 
GSF on an extended mezzanine floor in Building 80 which is contiguous to ALS 
Building 6. 

Two ALS beamlines dedicated to the Life Sciences Center will be located in the 
experimental area on the first floor of the ALS Building directly below mezzanine level 
space occupied by the Center. Two self-contained 1,225 GSF and 975 GSF modular 
wet laboratories will be provided at each beam line end station as shown on the 
Drawing A-3. 

Space on the mezzanine level of ALS Building 6 will be provided to the Life Sciences 
Center as unfinished open space with all required utilities. and services stubbed into 
the area. The Life Sciences Center Project will fund the cost of improvements 
necessary to finish and outfit the space for laboratories, cold rooms, offices and 
ancillary storage areas as shown on the Drawing A-4. One branch of one beamline 
will be reflected vertically into the mezzanine level laboratory area. Appropriate 
HVAC, power, lighting, partitions, integrated communication systems, and other 
facilities will be provided as required. 

An existing mezzanine in Building 80 will be extended to accommodate the Life 
Sciences Center facilities. Utilities and services for conversion of the area to Life 
Sciences laboratory space, including required HVAC, power, lighting, partitions and 
integrated communication systems will be provided as required. The modified space 
will contain a large Biochemistry Wet Laboratory, Microscopy Suite, Surgery Room, 
Cell and Tissue Culture Laboratory and supporting facilities including glassware 
dishwashing equipment, cold room, and storage as shown on Drawing A-2. 
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A new elevator will be provided for Building 80 mezzanine handicapped access. This 
elevator will also serve the Life Sciences portion of the mezzanine located in the ALS 
Building. 

A central feature of the Life Sciences Center will be well developed biological 
research laboratories. To effectively pursue a broadly-based research in the life 
sciences at the ALS, a variety of different laboratory facilities are required. As noted in 
the overview: "Biologists, chemists, and materials scientists are all in agreement that 
the forefront science promised by the availablility of high-brightness XUV radiation at 
the ALS requires the ability to prepare, manipulate, and characterize samples in a 
laboratory near an ALS experimental station. It is no longer sufficient to prepare and 
characterize samples at a distant laboratory, pacify them in some way, transport them 
to the synchrotron light source for a measurement, then return the samples to the 
laboratory, and so on. In some cases, this approach never was satisfactory. This is 
particularly true in the life sciences, where it is often necessary to prepare, 
characterize, and measure delicate and/or transitory samples in a short time." 

Towards fulfilling these needs, the Life Sciences Center will include a fully equipped 
and staffed group of special purpose laboratories, as well as general purpose wet 
laboratories. The special purpose laboratories include the following : 

1. A Biochemical (Wet) Laboratory will provide the necessary equipment for 
cellular, subcellular, and molecular separation, for optical spectroscopy, and for a 
range of biochemical analyses. This laboratory will house centrifuges, 
ultracentrifuges, a variety of electrophoresis and chromatography equipment, high 
pressure liquid chromatography, liquid scintillation and gamma counters, various 
types of vis-uv spectrophotometers, and a variety of other equipment commonly 
needed for biochemical and related work. In the biochemical laboratory, the 
scientist will be able to prepare and evaluate material prior to study at an ALS 
experimental station, evaluate the same material after the beamline science has 
been completed, and carry out other aspects of a complete experimental study that 
may require not only the biochemical laboratory, but other resources of the Center. 

2. A Cell and Tissue Culture Laboratory with the equipment necessary to 
culture cells and tissues will include incubators, laminar flow hoods, a large 
sterilizer, and other equipment commonly needed for cell and tissue culture work. 
Scientists wanting to study cells or tissues that are kept in culture will be able to do 
so under the best possible circumstances, being able to keep their material in the 
proper environment within a stone's throw from the ALS experimental station. 
Among other things, this will make it possible to follow a variety of short term 
changes in cultured cells; for example, changes within a cell cycle. 

3. A Surgical Station for both small and large animal surgery will include a wash 
area, surgical tables and operating lights, animal handling area, and an operating 
microscope and associated video display. The surgical facility will make it possible 
to study cells and tissues derived from most animal sources. Often cells and 
tissues can only be studied satisfactorily over a period of minutes, up to perhaps an 
hour or two, after their removal from the animal. Without the capability of preparing 
the sample at the site, experiments on a broad range of biological material would 
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not be possible. Moreover, this facility will make it possible to carry out studies in 
which the animal is maintained under anesthesia, experimental changes 
introduced, and samples drawn periodically over time for study at an ALS 
experimental station. 

4. A Light and Electron Microscopy Laboratory for the evaluation of samples 
prior and subsequent to study at an ALS experimental station, will include a variety 
of light microscopes, as well as scanning and transmission microscopes. This 
facility is important not only to characterize and evaluate samples microscopically, 
but to provide comparative microscopic modalities for the ALS X-ray imaging 
facility, as well as to provide ancillary microscopic capabilities necessary for X-ray 
image analysis when recording media such as X-ray resists are required. 

In addition to these laboratories, there will be a laboratory for cleaning experimental 
glassware, preparing deionized and distilled water, as well as temperature controlled 
rooms. Visiting scientists will have access to LBL machine shops and microfabrication 
facilities. Office space available to the visiting scientist will be equipped with computer 
stations connected to a Life Sciences Center microcomputer, such as a microvax, 
which in turn will be connected to the LBL Vax cluster. In addition, image and data 
processing capabilities will be available for the reduction and analysis for data 
generated at AU~ experimental stations. 

Alternative Solutions Considered 

By definition the ALS Life Sciences Center must be in close proximity and have direct 
access to the ALS for optimum integration of associated research and development. 

The Light Source Building Additiol") to Building 6 is under construction with completion 
anticipated in FY 1991. Construction of a shell for a mezzanine above the ALS 
experimental area is included in the current ALS project to be made available for 
research users as unfinished open space. The location of the ALS beamlines to be 
dedicated to the Life Sciences Center determined the location of space for the Center 
on both the experimental floor and the mezzanine level of Building 6. One beamline 
will be reflected verticafly from the first floor experimental area into the mezzanine 
laboratory area. No other solution was considered for the Life Sciences Center in 
Building 6. 

The construction of a new mezzanine floor in Building 80 was selected for the 
additional laboratory space required for the Life Sciences Center because the 
Building 6 Addition, now under construction, will adjoin Building 80 providing optimum 
integration of Life Sciences activities in both buildings. 

An alternative solution to the construction of a new mezzanine in Building 80 which 
was considered was the possibility of adding a third floor to this building. It was 
determined that the mezzanine scheme was more economical than the third floor 
scheme. 

In summary, benefits of using the existing space in Buildings 6 and 80 within the ALS 
Center include: 
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• Close proximity and direct access to the Advanced Light Source for optimum 
integration of associated research and development. 

• Cost effective use of existing buildings and available utilities and services. 

• Negligible environmental impact. 

Another alternative considered was the use of the first floor of existing Building 10 for 
development of the additional laboratory space for the Life Sciences Center. Upon 
further study, it became apparent that the development of Building 80 mezzanine was 
an equally cost effective solution providing for excellent functional intergration while 
preserving the Building 10 space for future development. 

Basis of Conceptual Design for Conventional Facilities 

The conceptual design of conventional facil ities for the Life Sciences Center at the 
ALS was developed by the LBL Plant Engineering staff with the assistance of the 
following consultants. 

• Gerson-Overstreet, Architects 
• Keller and Gannon, Engineers-Architects 

Cost estimates for conventional facilities were performed by LBL's Derek Daniels, 
Professional Estimator, based upon quantity take-off from drawings and specifications 
produced by LBL and the above consultants. Estimates for Scientific Equipment listed 
in Schedules I and II were taken from vendor quotations or catalog data with 
appropriate discounts. Estimates were initially prepared in December of 1988, 
reviewed and revised as necessary in December 1989. 

Back-up data for both estimates, conventional facilities and scientific equipment, are 
included in Section 9. 

Method of Performance 

General 

A Project Manager, assigned by LBL, will be responsible for coordinating efforts of the 
project team and for reporting status relative to scope, schedule and cost for the 
duration of the project. 

DeSign 

Design program and conceptual design will be prepared by the LBL Plant Engineering 
Department based upon programmatic criteria supplied by the LBL Life Sciences 
Di rectorate. 

An Architect-Engineering firm with appropriate laboratory design experience will be 
selected for Title I and II design services and for technical oversight during 
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construction . Independent reviews of the structural design and the cost estimate will 
be arranged by LBL. 

Construction 

Construction will be accomplished by a lump-sum contract awarded after competitive 
bidding. Construction contract administration and inspection will be accomplished by 
LBL. 

Procurement 

Standard equipment and certain special facilities will be procured directly by LBL after 
competitive bidding . Otherwise procurement will be the responsibility of the 
construction contractor. 

1/19/90 
ALS·LSC:CDR 

1-5 



\ 

General 

ALS LIFE SCIENCES CENTER 

SECTION 2 

PROJECT DESCRIPTION 

This section describes project design criteria for conventional facilities construction 
within Building 80 and the Light Source Addition to Building 6 for the ALS Life 
Sciences Center. 

Conventional Facilities Design Criteria 

A. General 

1. In compliance with the 1989 LBL Long Range Development Plan and 
approved by DOE. 

2. Environmental Safety: In compliance with DOE, OSHA, State of California, 
and LBL standards. 

B. Architectural 

1. Occupancy: 32 researchers; 18 in 80, 14 in 6. 

2. Occupancy Classification 

a. ALS Building: B-2 

b. Building 80: B-2 

3. Fire Resistivity 

a. ALS Building: One hour at external walls, two hours at adjacent 
buildings, non combustible construction. 

b. Building 80 : Two hours at adjacent ALS, no hour rating and 
sprinklered otherwise. 

4. Schedule of Net Areas and Occupancy (chart follows). 

5. Code Compliance: 1988 Uniform Building Code. 

6. Handicapped Requirements: In compliance with ANSI standards. 
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SCHEDULE OF NET AREAS 

N!;lt Ar!;lg - ~!J. Ft. 

Building 80 

Biochemistry 
Microscopy Suite 
Surgery 
Cell and Tissue Culture 
Laboratory Offices 
Glassware, Dishwashing 
Cold Room 
Storage/Equipment Room 

Subtotal Building 80: 

ALS BUILDING 

First Floor' 

Laboratories-Beam Line : 

S!;lcond Floor 

Laboratories 
Laboratory Offices 
Cold Rooms 
Storage 

Subtotal Building 6: 

Subtotal All Floors: 

Total Net Usable Area: 

Gross Enclosed Areas 

Building 80: 

Building 6: 

Total Gross Enclosed: 

Lab 
Labs Offices 

1,430 
1,035 

530 
595 

400 

3,590 400 

2,200 

1,990 
1,470 

4,190 1,470 

7,780 1,870 

10,655 sq. ft . 

6,000 sq. ft. 

7,300 sq. ft. 

13,300 sq. ft. 

'Modular wall wet lab enclosures within existing building. 
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Oth!;lr 

300 
80 

310 

690 

120 
195 

315 

1,005 

Occupants 

18 

14 

32 
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C. Civil/Structural 

1. Conventional facilities are improvements within existing structures. 

2. Existing structures comply with 1988 Uniform Building Code and LBL 
"Lateral Force (Wind and Earthquake) Design Criteria," August 15, 1989. 

D. Mechanical (see Basis of Design in Section 9) 

1. Inside Design Conditions : Laboratories and administrative offices 
provided with air conditioning: 

Summer: 76°F db 
Winter: 72°F db 

2. Heating: Hot water supplied from the existing system. 

3. Air Handling Systems: Tempered 100% outside air to static pressure 
controlled variable air volume (VAV) terminal boxes for laboratory spaces. 
Fan-powered variable air volume terminal units for office spaces. Fume 
hoods incorporating face velocity controllers and variable air volume 
laboratory exhaust systems. 

4. Automatic Control System: Direct digital control (DDC) with connection to 
the existing facility automation system on site. 

5. Mechanical Cooling : Chilled water supplied from the existing system. 

6. Fire Protection: Modification of the existing fire sprinkler systems to suit the 
new layouts. 

7. Utilities Provided: 
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Compressed air 
Non-potable industrial hot and cold water 
Low conductivity water (LCW) 
Natural gas 
Treated water (Building 80 only) 
Laboratory acid waste separation and collection 

Industrial water, low conductivity water, treated water, natural gas, and 
compressed air will be extended into these areas from the existing 
systems located in the facility. 
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E. Electrical 

1. Power and Lighting : 

Large process loads - 480V 
Area lighting - 277V 
Standby generator - 300KVA (existing) 
Interior lighting - fluorescent 
Lighting level - 50 footcandles 

2. Communications: 

Integrated Communciations System (ICS) 
Closed-circuit intercom 
Local paging system 

3. Energy Monitoring and Control System (existing) 

4. Fire Alarm and Security: 
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Fire call boxes 
Fire alarm bells 
Card key door entry control 
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APPLICABLE CODES AND DESIGN REFERENCES 

Applicable requirements and recommendations in the following codes and references 
will be followed in the design. These codes, as listed, should be included in the 
construction specifications. Codes and references will be the latest editions except 
where specifically noted otherwise: 

A. Codes 

1. 10 CFR Part 435 Energy Conservation Voluntary Energy Performance 
Standards (Mandatory for Federal Buildings) 

2. 29 CFR Part 1926, Safety and Health Regulations for Construction, 
Department of Labor 

3. 29 CFR Part 1910, Occupational Safety and Health Standards, Department 
of Labor . 

4. 40 CFR Parts 264 and 265, Environmental Protection Agency 

5. National Fire Codes, National Fire Protection Association (NFPA) 

6. National Electrical Safety Code, ANSI C2 

7. National Electric Code, NFPA 70 (NEC-1990) latest edition 

8. Safety Code for Building Construction, ANSI A 10.2 

9. California Code of Regulations, Title 8, General Industrial Safety Orders, 
Construction Safety Orders 

10. California Code of Regulations, Title 19 - Public Safety, Chapter 1; Title 24, 
Part 2 - California Building Code ; and Title 24, Part 3 - California Electrical 
Code 

11 . Uniform Building Code 

12. Uniform Mechanical Code 

13. Uniform Fire Code 

14. Uniform Plumbing Code 

15. Occupational Safety and Health Act 

16. Federal, state, and local air-pollution and water-pollution control regulations 

17. AMCA Fan Test Code 
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18. NBSIR 78-1305A Test Procedures 

19. LBL Lateral Force (Wind and Earthquake) Design Criteria, August 15, 1989 

B. Design References 

1. Department of Energy General Design Criteria Manual, DOE 6430.1 A 

2. Rules and Procedures for the Design and Operation of Hazardous Research 
Equipment, LBL Pub 3001 

3. LBL Long Range Site Development Plan 

4. NBS Handbook 135, Life Cycle Cost Manual for the Federal Energy 
Management Program 

5. The ASH RAE Handbook and Product Directory: 

a. HVAC Systems and Applications Volume: 1987 
b. Fundamentals Volume : 1989 
c. Equipment Volume: 1988 
d. Refrigeration Volume: 1986 

6. Standards for Natural and Mechanical Ventilating, ASHRAE Standard 62-73 
(ANSI B194.1-1977) 

7. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA) Standards 

8. Standards and Codes of the American Society of Mechanical Engineers 
(ASME) 

9. American Water Works Association (AWWA) Standards 

10. National Environmental Balancing Bureau (NEBB) 

11. American Welding Society Handbook and Standards (AWS) 

12. Standards of the American Society for Testing and Materials (ASTM) 

13. American National Standard Specifications for Making Buildings and 
Facilities Accessible and Usable by the Physically Handicapped. ANSI 
A 117.1-1961 . REAF-1971 

14. Recommended Outdoor Design Temperatures, Northern California Golden 
Gate Chapter, ASHRAE, November 1977 
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15. Industrial Ventilation Manual by the American Conference of Governmental 
Industrial Hygienists (ACGIH) 

16. Earthquake-Resistive Construction for Mechanical Systems, Light Fixtures, 
and Ceilings, Ayres & Hayakawa, July 1972 

17. Guidelines for Seismic Restraints of Mechanical Systems and Plumbing 
Piping Systems, SMACNA, October 13, 1982 

18. Design Evaluation Guidelines for DOE Facilities Subject to Natural 
Phenomena, UCRL 15910, Draft May 1989 

19. American National Standards Institute (ANSI) Standards 

20. National Electrical Manufacturers' Association (NEMA) Standards 

21 . Institute of Electrical and Electronics Engineers (IEEE) Standards 

22. Underwriters' Laboratories, Inc. (UL) Standards and "Building Materials, Fire 
Protection Equipr1)ent, and Fire Resistive Directories" 

23. Factory Mutual Engineering Corp. (FM) Approval Guide and FM Loss 
Prevention Data 

24. Insulated Cable Engineers' Association (ICEA) Standards 

25. National Electrical Testing Association (NETA) Standards 

26. Illuminating Engineering Society (IES) Lighting Handbook 

27. Department of Energy Electrical Safety Criteria for Research and 
Development Activities, DOEIEV -0051 II , August 1979 

28. Standard for Fire Protection of DOE Electronic ComputerlData Processing 
Systems, Jan 1984 (DOE/EP-Ol08, Formerly Wash 1245-1). See paragraph 
101.4. 

29. A Building Planning Guide for Communication Wiring, International 
Business Machines Corp., G320-8059-1, March 1984 

30. American Institute of Steel Construction, Manual of Steel Construction, 
eighth edition 

31 . American Concrete Institute, ACI Manual of Concrete Practice, Parts 1 
through 5, latest edition 

32. ANSIIIES RP7 "Practice for Industrial Lighting" 

33. LBL Building Automation System Design Criteria and Design Guidelines 
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QUALITY ASSURANCE PROCEDURES FOR DESIGN, 

CONSTRUCTION, FACILITY ACCEPTANCE AND PROJECT CLOSEOUT 

Acceptable project completion requires that all safety, operational, and contract 
requirements be met. Quality assurance procedures during project development, 
design, and construction assure that all requirements will be met. The established 
system to review, inventory, and document facility construction, acceptance, and 
project closeout includes the following elements: 

• Engineering 

The LBL Plant Engineering Department assisted by selected consultants 
provides quality control and assurance measures during design and 
construction. 

The Plant Engineering Department has a multidisciplinary Design Management 
Group and a Project Management Group. Each significant project is assigned 
to a Project Manager (PM) who is responsible for cost, scope and schedule for 
the life of the project. The PM is also responsible for construction quality control 
and is assigned a staff including a Project.Engineer or Architect (PAE) and 
multidisciplinary support team, construction manager if necessary, contract 
administrator, and construction inspector. The Project Engineer/Architect is 
responsible for design and technical quality control. The work of each member 
of the PAE's support team is reviewed by the appropriate Section Leader from 
the Design Management Group. The PM develops a Project Management Plan 
which is reviewed and approved by Plant Management and DOE·SAN. 

The design and cost estimates are reviewed and a plan check carried out at 
completion of schematics and during and after Title I and Title II designs are 
completed. An independent third party plan check is made of the seismic 
design and an independent cost estimate is made by a consulting cost 
estimator at completion of Title I and Title II to compare with the AlE's cost 
estimates. Plans and specifications are also rE;lviewed by the LBL Fire 
Protection Engineer, the LBL Fire Marshal, the LBL Environment and Safety 
Hazards Control (E&SHC) Department and the LBL Construction and 
Maintenance Department at each stage of design development. When 
applicable, a consulting geotechnical firm provides appropriate geotechnical 
data and reviews the design at each stage of design and during construction . 

An internal sign-off sheet covering all LBL design disciplines, PAE, PM, Fire 
Protection Engineer, Fire Marshal, E&SHC, Plant Management, third party 
reviews, and the Client is completed at the end of Title I, Title II and Title III. (A 
sample form follows.) 

• Construction 

Contract documents are reviewed by LBL's technical staff for compliance with 
DOE and LBL design criteria. 

The Construction Inspector reviews and the Executive Architect/Engineer (if 
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any) and Plant Engineering's staff of engineers accept or reject all materials 
and workmanship in accordance with contract documents. 

A submittal control system for materials, shop drawings, test reports, and 
certifications assures that all necessary reviews for compliance with 
specifications, codes and other requirements such as provisions for the 
handicapped have been made. 

A Construction Inspector observes construction activities and reports to LBL's 
Project ArchitecVEngineer. Daily inspection reports are maintained in a file or a 
project logbook. 

A Contract Administrator reviews contract documentation for compliance with 
contract provisions. 

A Safety Engineer (from the Environment and Safety Hazards Control 
Department) and the Fire Marshal make periodic inspections of construction to 
assure compliance with codes and regulations. 

Specialty inspections in accordance with the Uniform Building Code are made 
of rebar, structural steel, welding, concrete, etc., to assure compliance with 
specifications. Appropriate testing laboratories are utilized for support as 
necessary. The NE of record is required to inspect the construction during 
appropriate times and provides interpretation of the contract ' documents 
whenever necessary. 

Changes 

Reviewed in accordance with UCLBL Construction Subcontracting Manual. 

If project contingency funds are involved, the proposed change is reviewed 
to ensure that it is due to unforeseen, uncertain, and/or unpredictable 
conditions or incomplete design. 

• Final Inspection and Acceptance 

The following items are accomplished by the Inspector and the A/E working 
together: 

• Preliminary inspection and list of incomplete work. 

• Equipment testing and operational instruction of LBL personnel. 

• Final inspection walk-through and punch list. 

• Inspection of correctional and completion work (punch list work). 

• Inventory of all operational manuals, instructions, guarantees. 

• Internal sign-off sheet: Acknowledgment of completion and acceptance of all 
work under construction contract by the LBL project team and all interested 
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parties, i.e., Fire Marshal, E&SHC, etc. 

Changes 

The LBL NE team and Executive Architect/Engineer review any proposed 
change and provide justification and an independent cost estimate. The 
subcontractor's proposed cost is evaluated relative to LBL's cost estimate, 
and a contract price is negotiated. Availability of project funds is verified. If 
all project and contract requirements are met, a Change Order is executed. 

• Project Closeout 

After final acceptance of the facility, LBL audits all charges to assure that all 
costs are in proper accounts. 

LBL sends the cost closing statement to DOE-SAN. 

Project authorization closed by DOE-SAN. 
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PROJECT REVIEW AND APPROVAL 
(Projects ~ $250K TEC) 

Project Title 

Job Number Subcontract No/PB No Documents Prepared By: 

D PRELIM (TIlTlE I) 

D SPECIFICATIONS 

D FINAL (TITLE II) D CONSTR COMPLETE (TITLE III) 

DDRAWINGS 

1. DESIGN MANAGEMENT 2. PROJECT MANAGEMENT 

Design Team Section leaders 

Proj AlE Project Manager 

Arch 

Civil 

Mech 

Elec 

Energy 

FP Engr _____ _ 

Arch 

Civil 

Mech 

Elec 

Energy 

4. Environment & Safety Hazards 
Control Dept 

5. Fire Marshal 

6. Construction and Mainlenance 
Dept 

7. Handicap Barriers Review 

8. Third Party Hazardous Material 
Review or Recommendation 
(Memo Attached) 

Date 

Date 

Date 

Date 

Date 

Inspector 

3. PURCHASING 

Contract Admin 
(Titles II & III only) 
(last to sign for Title III) 

9. Third Party Structural Review or 
Recommendation (Memo Attached) 

10. Quality Assurance 

11. Value Engineering Coordinator 

12. Client/Division Head 

13. Plant Engineering Dept 

Slgn·ofts (Tn Ie I) Indicate that project scope and cr~eria fully define Title II design requirements. 

Date 

Date 

Date 

Date 

Date 

Sign·ofts (Title II) Indicate that construction documents comply with applicable sections of DOE General DeSign Criteria 
Manual 6430.1 A and that they're complete and ready for construction. 

Sign·ofts (Tnle III) Indicate that wor1< was completed In accordance w~h construction documents. 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project ALS LIFE SCIENCES CENTER ____ Project No. 93-LBL 

Lawrence Berkeley Laboratory, Berkeley, California 

Site-wide Requirements/Assets for CATEGORY ~1 ~O ___ _ Office 

Other Projects Affecting this Category: Safety and SupPOrt Services Fac, Human Genome Lab, Chemical Dynamics Research Lab , etc. 

Unit of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category : 

B. The lQ1al existing assets in this category: 

C. Less amount of existing, substandard assets: 

D. Equals amount of existing, adequate assets: 

E. Existing adequate assets, less total requirement for this category equals excess/(deficiency) of 
adeauate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The addttional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increase/(decrease) of assets in this category due to the project: 

PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adequate assets projected for this category: 

J. IQ1al existing assets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equallQ1al excess/(deficiency) of assets projected for this category: 

315/91 
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Figure 111·5 
Facility Utilization Dala 

543,600 in SF or other unit. 

461 ,200 SF, 

375,500 SF, 

85,700 SF. 

(457,900) SF. (0 minus A) 

1,900 SF, 

0 SF, 

1,900 SF. (F minus G) 

(456,000) SF. (E plus F) 

(80,500) SF. (B plus H minus A) 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project ALS LIFE SCIENCES CENTER 

Lawrence Berkeley Laboratory, Berkeley, California 

Site-wide Requirements/Assets for CATEGORY _7:..;3~ ___ _ Liqht Lab 

Other Projects Affecting this Category: Human Genome, Chemical Dynamics Research Lab 

Unit of Measure: ...;G:::S:::F'--____ _ (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category: 

B. The 1Q1.aJ existing assets in this category: 

C. Less amount of existing, substandard assets : 

D. Equals amount of existing, adequate assets : 

E. Existing adequale assets, less total requirement for this category equals excess/(deficiency) of 
adequate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The addrtional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increasel(decrease) of assets in this category due to the project: 

PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adeauate assets projected for this category: 

J. I21aI existing assets, plus net increasel (decrease) of assets in this category due to the project, 
less total requirement, equal1Q1.aJ excess/(deficiency) of assets projected for this category: 

3/5191 
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Figure 111-5 
Facili ty Utilization Data 

Project No. 93-LBL 

, etc. 

328,500 in SF or other unit. 

283,000 SF, 

189,400 SF, 

93,600 SF. 

(234,900) SF. (D minus A) 

5 ,800 SF, 

o SF, 

5 ,800 SF. (F minus G) 

(229,100) SF. (E plus F) 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project ALS LIFE SCIENCES CENTER 

Lawrence Berkeley Laboratory, Berkeley, Calijornia 

Site-wide RequirementslAssets for CATEGORY -".4-"0 ___ _ Storaqe 

Other Projects Affecting this Category: Safety and Support, Chemical Dynamics Research Lab 

Unit of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category : 

B. The 1Q1aI existing assets in this category: 

C. Less amount of existing, substandard assets: 

D. Equals amount of existing, adequale assets: 

E. Existing adequate assets, less total requirement for this category equals excessl(deficiency) of 
adequate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The additional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increase/(decrease) of assets in this category due to the project : 

PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adequate assets projected for this category: 

J. IQ1aI existing assets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equal1Q1al excessl(deficiency) of assets projected for this category: 

315191 
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Figure 111-5 
Fadlity Utilization Data 

Project No. 93-LBL 

, etc. 

99 ,000 in SF or other unrt. 

93 ,000 SF, 

49 ,000 SF, 

44,000 SF. 

(55,000) SF. (0 minus A) 

300 SF, 

o SF, 

300 SF. (F minus G) 

(54,700) SF. (E plus F) 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project ALS LIFE SCIENCES CENTER 

Lawrence Berkeley Laboratory, Berkeley, California 

Srte-wide Requirements/Assets for CATEGORY _8"-0=-___ _ Miscellaneous 

Project No. 93-LBL 

Other Projects Affecting this Category: Safety and SUpPOrt, Human Genome, Chemical Dynamics Research Lab , etc. 

Unrt of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category: 

B. The 1Q1aj existing assets in this category : 

C. Less amount of existing, substandard assets: 

D. Equals amount of existing, adequale assets: 

E. Existing adequale assets, less total requirement for this category equals excess/(deficiency) of 
adeouate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The addrtional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increase/(decrease) of assets in this category due to the project : 

PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adeouate assets projected for this category: 

J. I2laI existing assets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equal1Q1aj excess/(deficiency) of assets projected for this category: 
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Figure HI·5 
Facility Utilization Data 

195,600 in SF or other unit. 

168,300 SF, 

106,800 SF, 

61,500 SF. 

(134,100) SF. (D minus A) 

100 SF, 

o SF, 

100 SF. (F minus G) 

(134,000) SF. (E plus F) 

(27,200) SF. (B plus H minus A) 
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ALS LIFE SCIENCES CENTER 

SECTION 3 

BASIS OF COST ESTIMATE FOR CONVENTIONAL 
FACILITIES AND SCIENTIFIC EQUIPMENT 

The cost estimate for the construction of conventional facilities improvements for the 
Life Sciences Center at Buildings 6 and 80 was prepared by LBL's Professional 
Estimator, Derek Daniels, based upon quantity take-ofts from conceptual design 
drawings and specifications developed by the LBL Plant Engineering Department 
assisted by consulting engineers and architects. Architectural drawings were 
prepared by Gerson-Overstreet, Architects and the LBL Plant Engineering Department. 
Mechanical engineering design, drawings and energy use estimates were 
accomplished by Keller and Gannon, Engineers and Architects. Electrical, civil and 
structural designs were prepared by LBL. 

Conventional Construction Cost Estimates are dated December 1989 and represent 
FY 1990 costs. Summary Cost Estimates in FY 1990 $K and "Then Year" (TY) $K for 
Conventional Facilities are .included in this section (see Tables A and B). Detailed 
cost estimates are included in Section 9. Escalation is based upon "Anticipated 
Economic Escalation Rates for DOE Construction Projects" updated August 1990, 
namely 3.1 % in FY 1990, 3.6% in FY 1991, 4.5% in FY 1992, 5.1 % in FY 1993, 5.6% in 
FY 1994 and 5.7% in FY 1995. Escalated costs are shown in TY $K in Table B. 

Cost estimates for scientific equipment in Schedule I, Special Facilities, have been 
based upon vendor quotations received in October 1988, which are included in 
Section 9 in FY 1989 $K. These prices have been escalated to FY 1990 $K in 
Schedule I. 

Cost estimates for scientific equipment in Schedule II, Standard Equipment, are based 
upon discounted catalog data which have been included in Section 9. A more 
detailed breakdown of the Standard Equipment summarized in Schedule II is also 
included in Section 9 in FY 1989 $K. These prices have been escalated to FY 1990 
$K in Schedule II. 

An ED&I Analysis for Conventional Facilities is included in Section 9. All Conventional 
Facilities estimates have been integrated into the Work Breakdown Structure for the 
entire project (see Appendix B). 

2/12/91 
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ALS LIFE SCIENCES CENTER 
SUMMARY COST ESTIMATE AND FINANCIAL SCHEDULE 

CONVENTIONAL FACILITIES 

(Amounts in Then-Year $K) 

Date NE Work Initiated: 
Date Physical Construction Starts: 
Date Construction Ends: 

2nd Qtr. FY 1993 
2nd Qtr. FY 1994 
4th Otr. FY 1995 

Financial Schedule, Conventional Facilities Only : (rounded) 

Fiscal year Obligations 

1993 
1994 
1995 

$ 489 
4,826 
2,694 

Summary of Cost Estimate: 

1.3.1 ED&I (@ about 15% of Construction) 

1.3.2 CONSTRUCTION 

Land Improvements 
Building 80 Improvements 
Building 6 Improvements 
Site Utilities 
Special Facilities (Summary Schedule I) 

1.3.3 STANDARD EQUIPMENT (Summary Schedule II) 

2/17/91 
ALS-LSC:CDR 

Contingencies at approximately 20% 

Conventional Facilities - Total Estimated Cost 

Costs 

$ 389 
2,342 
5,278 

15 
1,449 

955 
101 

1,312 

Subtotal 

$ 596 

3,832 

2,243 

6,671 

~ 

8,009 
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IMlS .." IMlS B.fMNT 

1.0 Engineering, Design & Inspection 

1.1 LBL Activities 

1.1.1 Engineering 

1.1.2 Consultants 

1.1.3 Inspection 

1.2 AlE Activities 

1.2.1 Tille I 

1.2.2 Tille II 

1.2.3 Tille III 

2.0 Construction 

2.1.1 land Improvements 

2.1.2 Buiding 80 Improvements 

2.1.3 Building 6 Improvements 

2.1.4 Site Utilities 

2.1.5 Special Fadlities·$chedule I 

3.0 Standard Equipment 

Contingency by Year 

Total BAlBO by Year 

Currant FundinQ Plan 

Clerical:AL5-UFE SCIENCES CENTER:BAI90 AlS-lSC 
2121/91 

ALS LIFE SCIENCES CENTER 

CONVENTIONAL FACILITIES 

BNBO SCHEDULE (TY$K) 

TOTAL FY 1993 
BUJGET 1 2 3 4 

°IN IO JIFI" A I"IJ J IA IS 

596 

153 nm 
19 

85 

95 95195 

In ln1159 

67 (mo 

3832 

15 

1449 

955 

101 

1312 

2243 

133811338 73/58 

800918009 4891389 

8009 489 
. 

FY 1994 FY 1995 i 

1 2 3 4 1 2 3 4 ! 

°INIO J I F I" A I"IJ J I A IS ° INIO JIF I" A 1"1 J JIAIS 

41141 35r.l5 

.....,. 19119 

42142 43/43 

0118 

0/33 0134 

15115 

14491647 01802 

95&'316 0163. 

~ 
220/220 10921109:2 

11211475 1122/1768 

863/415 402 / 865 
4826 / 2342 2694/5278 

4826 2694 _. 



ALS LIFE SCIENCES CENTER 

OBLIGATIONS AND COSTS SCHEDULE DETAIL 

DESCRIPTION 

L.BL. llcli~iliflS 
Engineering 

Consultants 

Inspection 

Subtotal 

ArchilflWEnginflflr 

Title I 

Title II 

Title III 

Subtotal 

Total ED&I 

QQOslrucliQO 

Land Improvements 

Building 80 

Building 6 

Site Utilities 

Subtotal 

SPflcial EacililiflS 

Total Construction and 
Special Facilities 

Slaodard EguipmflDl 

Subtotal 

. Contingency (20%) 

TOTAL 

2/19191 
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(FY 1990 $K) 

TABLE A 

FY 1993 

TOTAL 0 C 

129 68 68 

16 

.....aa 
214 68 68 

83 83 83 

155 155 140 

..M ..M --.0. 

292 292 223 

506 360 291 

12 

1.170 

766 

--.!l.1 

2.032 

1.043 

3.075 

1...Z.!l.Z 

5,368 360 291 

1.QZa ~ ...M 

6.447 423 341 

FY 1994 FY 1995 

0 C 0 C 

34 34 27 27 

16 16 

:iQ :iQ ~ ~ 

85 85 61 61 

0 15 

Q 2.Z Q 2.Z 

0 42 0 27 

85 127 61 88 

12 12 

1.170 540 0 630 

766 263 0 503 

--.!l.1 ..M ---
2.032 899 0 1.133 

183 183 860 860 

2.215 1.082 860 1.993 

J..a3. ~~'~-" 
. ~ .. , 

3,193 1,604 1,815 3,473 

~ -.3.1Z ~~ 
3.891 1.951 2.133 4.155 
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ALS LIFE SCIENCES CENTER 

OBLIGATIONS AND COSTS SCHEDULE DETAIL 

DESCRIPTION 

L.BL. 8~lil1iliflS 
Engineering 

Consultants 

Inspection 

Subtotal 

8[~lJilfl~ILEOg iOflfl[ 

Ti tle I 

Title II 

Title III 

Subtotal 

Total ED&I 

CoOSI[uClioo 

Land Improvements 

Building 80 

Building 6 

Site Utilities 

Subtotal 

S~fl~ial Ea~ililiflS 

Total Construction and 
Special Facilities 

Siaoda[d EQui~rnflOI 

Subtotal 

Contingency (20%) 

TOTAL 

2' 1919 1 
ALS·LSC:CDR 

TOTAL 

153 

19 

-..M 

257 

95 

177 

--2Z 

339 

596 

15 

1,449 

955 

.JQ.1 

2,520 

1,312 

3,832 

~ 

6,671 

1...3.3.li 

8,009 

(TY $K) 

TABLE B 

1.138 

FY 1993 

0 C 

77 77 

77 77 

95 95 

177 159 

--2Z -D. 

339 254 

416 331 

416 331 

....u ..M 

489 389 

1.202 1.27 

FY 1994 FY 1995 

0 C 0 C 

41 41 35 35 

19 19 

---1.2 ---1.2 .1.3. .1.3. 

102 102 78 78 

0 18 

Q. ;U Q. :H 

0 51 0 34 

102 153 78 112 

15 15 

1,449 647 0 802 

955 316 0 639 

.JQ.1 .JQ.1 ---
2,520 1,079 o 1,441 

220 220 1,092 1,092 

2,740 1,299 1,092 2,533 

1.J21. -..i.Z.5 1..J2.2 1..1.6.a 

3,963 1,927 2,292 4,413 

li6.3 ~ ~ -lifiS 

4,826 2,342 2,694 5,278 
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LBL Activities 

Engineering 

Consultants 

Inspection 

ArchitectlEngineer 

Title I 

Title II 

Title III 

QQo:;!![UQtiQO QQO![5:lQt 

Improvements to Land 

Building 80 

Building 6 

Site Uti lities 

Special Facilities 

Staodard Eauipmeot 

Subtotal 

Contingency (20%) 

TOTAL 

2/12/91 
ALS·LSC:CDR 

ALS LIFE SCIENCES CENTER 

CONVENTIONAL FACILITIES 

CONTINGENCY ANALYSIS 
(FY 1990 $K) 

Estimated Cost 
($K) 

129 

16 

69 

83 

155 

54 

12 

1,170 

766 

84 

1,043 

1..ZaZ 

5,368 

1.079 

6,447 

Contingency 
(%) ($K) 

15 19 

25 4 

25 17 

18 15 

18 28 

18 10 

25 3 

25 293 

25 192 

25 21 

20 209 

15 -2.6..a 

1,079 
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Specjal Facilities 

ALS LIFE SCIENCES CENTER 

CONVENTIONAL FACILITIES 

SCHEDULE I 
(FY 1990 $K) 

Laboratory Furniture and Standard Fume Hoods 

Building 80 

Building 6 

Cold Rooms 

Building 80 (1) 

Building 6 (2) 

Laminar Flow Hoods (3) 

Scientific Equipment .. 

Subtotal 

Digital Scanning Electron Microscope 
with Analytical Workstation 

High Resolution Microscope with 
Cryoworkstation 

Confocal Microscope 

Image Analysis Package 

Subtotal 

TOTAL 

, Included in Construction and NE Subcontracts ($397K) 

174' 

124' 

18' 

37* 

...M: 
397' 

268 

206 

89 

646 

1,043 

., Based on vendor quotes in October 1988, increased by 3.1 % to escalate to FY 1990 
$K. 

2/12/91 
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ALS LIFE SCIENCES CENTER 

CONVENTIONAL FACILITIES 

SCHEDULE II 
(FY 1990 $K) 

Standard Equipment 

Biochemistry" 

Centrifuges 
Spectrophotometers 
Balances 
Isotope Counters 
Separation Equipment 
General Laboratory Equipment 

Microscopy" 

Darkroom Equipment 
General Laboratory Equipment 

Cell and Tissue Culture" 

Incubators 
Sterilizer 
General Laboratory Equipment 

Surgical Suite" 

Operating Tables, Surgical 
Instruments and Special Lighting 

Operating Microscope and 
Video Equipment 

General Laboratory Equipment 

General Support Equipment"" 

Computation Equipment 
Equipment for Glass Washing 

and Handling 
Office Furniture 
Office Equipment 

TOTAL 

251 
189 

61 
42 

221 
303 

54 
55 

47 
38. 
54 

20 

49 
1 1 

254 

88 
37 
13 

~ 

1,067 

109 

139 

80 

392 

1,787 

" Based on FY 1989 catalog prices which have been escalated 3.1 % to FY 1990 $K 
"" See Section 9 for Detail Listing 
2/25/91 3·8 
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Based on 
1990). 

FY 1990 
FY 1991 
FY 1992 
FY 1993 
FY 1994 
FY 1995 

2/12/91 
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ALS LIFE SCIENCES CENTER 

ESCALATION ANALYSIS 

DOE "Anticipated Economic Escalation Rates" (updated August 

% 

Dec 1989 Sep 1990 9 mo @ 3.1 = 2.3 
Oct 1990 Sep 1991 12 mo @ 3.6 = 3.6 
Oct 1991 Sep 1992 12 mo @ 4.5 = 4.5 
Oct 1992 Sep 1993 12 mo @ 5.1 = 5.1 
Oct 1993 Sep 1994 12 mo @ 5.6 = 5.6 
Oct 1994 - Nov 1994 1 mo @ 5.7 = ~ 

Total Compounded Escalation 24.0 
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ALS LIFE SCIENCES CENTER 

CONSTRUCTION COST SUMMARY 

Estimate Escalate 24% to 
December 1989 Noyember 1994 

Land Improvements 12,190 15,120 

Building 80 Improvements 1,169,610 1,450,320 

Building 6 Improvements 765,820 949,620 

Site Utilities 84,350 104,590 

Special Facilities 1 .043,000 1 .293.320 

Total Estimated Construction Cost 3,074,970 3,812,970' 

'Compares to $3,832,000 when escalated on a year by year basis as shown in Table B. 

2/12/91 
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ALS LIFE SCIENCES CENTER 

ESTIMATE SUMMARY DETAIL 

Estimate Date 
Summary by D. Daniels, LBL; Prices by D. Daniels, R. Baker and K&G December 1989 

Buildings 

2 Demolition 
3 Concrete 
5 Metals 
6 Wood and Plastics 
7 Thermal/Moisture Protection 
8 DoorslWindows 
9 Finishes 

10 Specialties 
12 Furnish ings 
1 3 Special Construction 

(Beamline "Hutches") 
14 Conveying Systems 
15 Mechanical: Plumbing 

HVAC 
Fire Protection 

1 6 Electrical 

Subtotal Direct Cost 

General Conditions/Mobilize 
Estimating Contingency 

Bond 
Prime Contractor OH & Fee 

Total Estimated Construction Cost 
at November 1989 

Total Escalated Construction Cost 

Building 80 

98,640 
16,950 

134,290 
6,080 . 

10,020 
31,930 

145,960 
7,570 
2,100 

90,000 
83,000 

184,000 
5,200 

143.110 

958,850 

7% 67,120 
In PrQject Contingency 

1,025,970 
2% 20,520 

12% 123,120 

1,169,610 

to November 1994 24% 1,450,320 

2/17191 
AlS·lSC:CDR 

Building 6 

15,100 
17,850 

25,570 
227,520 

1,530 

20,000 

77,000 
152,000 

5,500 
85.750 

627,820 

43,950 
In Project Contingencv 

671,770 
13,440 
80,610 

765.820 

949,620 2,399,940 
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ALS LIFE SCIENCES CENTER 

ESTIMATE SUMMARY DETAIL (Continued) 

Improyements to Land 

Div 2 Sitework 

General Conditions/Mobilize 
Estimating Contingency 

Bond 
Prime Contractor OH & Fee 

Total Estimated Construction Cost 
at November 1989 

Total Estimated Construction Cost 
to November 1994 

Site Utilities 

Div 15 Mechanical 
Div 16 Electrical 

Subtotal Direct Cost 

General Conditions/Mobilize 
Estimating Contingency 

Bond 
Prime Contractor OH & Fee 

Total Estimated Construction Cost 
at November 1989 

Total Escalated Construction Cost 
to November 1994 

2/17/91 
ALS·LSC:CDR 

Building 80 

10,000 

7% 700 
In Project ContjooencY 

10,700 
2% 210 

12% 1,280 

24% 

12,190 

15,120 

10,000 
34,450 

44,450 

7% 3,110 
In Project Contingency 

47,560 
2% 950 

12% 5,710 

24% 

54,220 

67,230 

Building 6 

In Projecl Contingency 

5,000 
19,700 

24,700 

1,730 
In Project Contingency 

26,430 
530 

3,170 

30,130 

15,120 

37,360 104,590 
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August 1990 Update 

OEPARTK£NTAl PRICE CHANGE INDEX 

FY 1992 GUIDANCE . 
ANTICIPATED ECONOMIC ESCAlATION RATES 

DOE CONSTRUCTIOK PROJECTS 

EHEIl!iY RESEARCH FOSSil COHSERYATION/SOLAR DEfENSE PROGRAMS. fP 
fl SCftL All) HOCLEAR & GENERIL COltSTRUC TION 
YEAR INIlO ltHAMbE INDEX 1 CHAHGE INDEX 1 CHAlIGE TlIIIEX !tRANCE --
1990 1.000 NA 1.000 HA l.000 NA l.OOO ItA 

B91 1.036 3.~ 1.033 3.3 1.034 3.4 1.019 3.9 

1~92 1. G82 4.S 1.079 V; 1.078 4.3 1.(9) 5.1 

1993 1.138 5.1 1.135 5.2 1.130 4.9 1.152 5.5 

1994 . 1.201 5.6 \.199 5.6 1.190 5.3 1.215 5.4 

1995 1.269 5.7 1.268 5.7 1.255 5.5 1.280 5.3 

1996 1.342 5.7 1.341 5.7 1.324 5.5 1.349 5.4 

Based on the .ater1als and labor data contained in the Energy Supply Planning Model ind appropriate escalation 
rates forecasted by oata Resources. Incorporated, 1t would be expected Wt OOE projects confo ... to tIIose rates 
5M .. n above. DOE Order S700.3C requires tMt any local rates different fraa those above be suhllHted to the 
ICE Staff for approval, prior to their use. Additiorral advice and assistance can be obtained fraJ the 
Independent Cost Estimating Staff (FTS 896-9697). 



DEPARTMENTAL PRICE CHANGE INDEX 

AUGUST 1990 UPDATE 

HISTORICAL AND ANTICIPATED ECONOMIC ESCALATION RATES 

FOR DOE CONSTRUCTION PROJECTS 

FISCAL ENERGY RESEARCH DEFENSE PROGRAM, EP, 
YEAR AND NUCLEAR FOSSIL CONSERVATION/SOLAR & GENERAL CONSTRUCTION 

Historical 

1974 10.4 11. 3 10.7 9.6 
1975 14.5 15.4 15.3 13 . 0 
1976 6.1 6.0 5.7 5 . 2 
1977 6.2 6.3 6.0 6.0 
1978 7.1 7.3 6.8 7.3 
1979 9.1 9.6 9.1 8.9 
1980 9.7 10.1 10.7 9.7 
1981 . 9.2 9.4 9.1 8.1 
1982 6.8 6.6 6.5 6.3 
1983 3.0 2 . 6 2.9 3.1 
1984 2.4 2.2 2.4 2.4 
1985 2.1 1.9 2.0 1.6 
1986 1.3 0.6 1.3 1.1 
1987 1.9 1.8 1.8 1.8 
1988 4 . 0 4.7 4.0 3.2 
1989 4 . 2 4 . 4 4.5 3 . 2 
1990 3.1 2.4 3.0 2 . 9 

Anticipated 

1991 3.6 3.3 3.4 3.9 
1992 4.5 4.5 4.3 5.1 
1993 5.1 5.2 4.9 5.4 
1994 5.6 5.4 5.3 5.4 
1995 5.7 5.7 5.5 5.3 
1996 5.7 5.7 5.5 5.4 
1997 5.8 5.8 5.5 5.6 
1998 5.9 5.9 5.6 5.7 
1999 6.0 6.1 5.7 5.9 
2000 6.1 6.1 5.8 6.0 

Based on the materials and labor data contained in the Energy Supply Planning Model and appropriate 
escalation rates forecasted by Data Resources, Incorporated (DR I), it would be expected that DOE 
projects would generally conform to, or be less than, those rates shown above. Should a submission 
reflect a higher escalation rate, tbe rate must be derived from a locally·produced forecasting model . 
validated by the Independent Cost Estimating (ICE) Staff. Additional advice and assistance can be 
obtained from the ICE Staff (FTS 896·9697). 
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ALS LIFE SCIENCES CENTER 

SECTION 4 

BASIS OF PROJECT TIME SCHEDULE 
FOR CONVENTIONAL FACILITIES 

It is assumed that project funding will be made available for commitments by LBL on 
January 1, 1993. 

Prior to that time LBL will evaluate environmental conditions and prepare 
recommendations for NEPA documentation for DOE consideration beginning in 
November 1991 for completion by July 1992. It is anticipated that an Environmental 
Assessment (EA) will be performed with a finding of no significant impact, however the 
EA will be scheduled with sufficient contingency to permit an Environmental Impact 
Statement to be prepared if necessary before construction is scheduled. 

AlE selection will take place between January and July 1992 during which time the 
Design Program necessary for AlE fee negotiations and a Project Management Plan 
for DOE will also be completed. 

AlE fee negotiations will take place between October 1 and December 1, 1992 
contingent upon assurance by DOE-SAN that the project is in the FY 1993 budget. 

Alternative solutions including environmental considerations have been carefully 
studied in the process of developing this conceptual design, thus it is anticipated that 
the existing solution will be specified for AlE design. 

The Project Time Schedule that follows is based upon the foregoing assumptions. 
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TITLE II DESIGN 

BID AND AWARD 

TITLE III CONSTRUCTION 

LAND IMPROVEMENTS 
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BUILDING IMPROVEMENTS 

BUILDING SPECIAL 
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STANDARD EQUIPMENT 

LIGHT SOURCE SPECIAL 
RESEARCH FACILITIES 
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TIME SCHEDULE 
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ALS LIFE SCIENCES CENTER 

SECTION 5 

PROJECT DRAWINGS 

Location Plan 

Site Plan 

Building 80 - Second Floor Plan 

ALS Building - Partial First Floor Plan 

ALS Building - Partial Mezzanine Plan 

Building 80 - First and Second Floor Framing Plan 

Building 80 - Second Floor Mechanical Plan 

Building 80 - Roof Mechanical Plan 

ALS Building - Partial First Floor Mechanical Plan 

ALS Building - Partial Mezzanine Mechanical Plan 

Airflow Diagrams 

Control Diagram 

Building 6 - Single Line Diagram 

Building 80 - Single Line Diagram 
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ALS LIFE SCIENCES CENTER 

SECTION 6 

OUTLINE SPECIFICATIONS 

Division 1 GENERAL REQUIREMENTS 

01060 Regulatory Requirements 
01200 Project Meetings 
01300 Submittals 
01400 Quality Control 
01530 Barriers 

Division 2 SITE WORK 

02050 Demolition 
02500 Paving and Surfacing 

Division 3 NOT APPLICABLE 

Division 4 NOT APPLICABLE 

Division 5 METALS 

05500 Metal Fabrications 

Division 6 WOOD AND PLASTIC 

06100 Rough Carpentry 

Division 7 THERMAL AND MOISTURE PROTECTION 

07210 Building Insulation 
07900 Sealants 

Division 8 DOORS AND WINDOWS 

08001 Hollow Metal Doors and Frames 
08211 Wood Doors 
08510 Aluminum Windows 
08710 Finish Hardware 
08800 Glazing 

Division 9 FINISHES 

09250 Gypsum Wallboard 
09510 Acoustical Ceilings 
09650 Resilient Flooring 
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Division 

Division 

Division 

Division 

Division 

Division 

Division 

10 

1 1 

12 

13 

14 

15 

16 

SPECIALTIES 

10500 Miscellaneous Specialties 
10600 Modular Workstations 

EQUIPMENT 

11650 Laboratory Furniture 

NOT APPLICABLE 

SPECIAL CONSTRUCTION 

13650 Prefabricated Laboratory Modules 

CONVEYING SYSTEMS 

14240 Hydraulic Elevators 

MECHANICAL 

15010 General Provisions 
15050 Basic Materials and Methods 
15300 Fire Protection 
15400 Plumbing 
15500 Heating, Ventilating, and Air 

Conditioning Equipment 
15950 Controls 
15992 Air and Water Balancing 

ELECTRICAL 

16000 General Electrical 
16050 Basic Materials and Methods 
16400 Service and Distribution System 
16500 Lighting 
16700 Communications System 
16721 Fire Alarm System 
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DIVISION 1 - GENERAL REQUIREMENTS 

SECTION 01060 - REGULATORY REQUIREMENTS 

A. Codes and Design Standards : 

1. Codes listed in Section 2 should be included in the construction specifications; 
codes shall be latest editions except where specifically noted otherwise. 

2. Design Standards: 

a. Structural Steel: 

1) AISC Standard Specifications for the Design, Fabrication, and Erection 
of Structural Steel for Buildings. 

2) AISC Code of Standard Practice for Steel Buildings and Bridges. 

3) AWS Structural Welding Code 01.1. 

4) AISC Specification for Structural Joints Using ASTM A325 or A490 Bolts. 

5) ASTM Standards. 

6) SSPC Steel Structures Painting Council. 

b. Metal Decking 

1) Steel Deck Institute - SO I Standard #1 . 

2) AISI Specification for the Design of Light Gauge, Cold Formed, Steel 
Structural Members. 

3) American Welding Society Standards. 

SECTION 01200 - PROJECT MEETINGS 

A. Preconstruction conference. 

B. Billing meetings, at the last progress meeting each month. 

C. Periodic progress meetings, twice each month. 

D. Guarantees, bonds, and service and maintenance contracts meetings. 

2125191 
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SECTION 01300 - SUBMITTALS 

A. Schedules: 

1. Progress schedule. 

2. Proposed cash-flow schedule. 

3. Schedule of values. 

4. Submittal schedule. 

B. Products list. 

C. Shop drawings, product data, and samples. 

D. Certificates of compliance. 

SECTION 01400 - QUALITY CONTROL 

A. Testing laboratory's services. 

B. Testing agency's services. 

SECTION 01530 - BARRIERS 

A. Tree and plant protection. 

B. Barricades. 

2/25/91 
ALS-LSC:CDR 

6-4 



DIVISION 2 - SITE WORK 

SECTION 02050 - DEMOLITION 

A. Remove existing work shown to be removed and as required to install the new 
work. Protect existing facilities remaining operational during demolition work. 
Repair existing work damaged during demolition and construction. 

SECTION 02500 - PAVING AND SURFACING 

A. Replace asphalt concrete and road paving disturbed by utility trenching. Match 
existing paving. 

2/12/91 
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DIVISION 5 - METALS 

SECTION 05500 - METAL FABRICATIONS 

A. Standard Rolled Steel Sections: ASTM A36. 

B. High-Strength Bolts: ASTM A325. 

C. Anchor Bolts: ASTM A307. 

D. Welding: AWS 01.1. 

E. Non-shrink grout. 

2/12/91 
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DIVISION 6 - WOOD AND PLASTIC 

SECTION 06100 - ROUGH CARPENTRY 

A. Lumber: Douglas fir, construction grade, WCLIB No. 16, S4S. 

B. Plywood: Douglas fir, exterior and interior types. 

C. Fireproofing: Clean, odorless, paintable, non-corrosive pressure process using 
mineral salts; use on exposed lumber and plywood. 

D. Rough Hardware : Types , strengths, materials, and sizes suitable for the intended 
purposes; galvanized, cadmium- plated, or non-corrosive metal for exterior use. 

2/12/91 
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DIVISION 7 - THERMAL AND MOISTURE PROTECTION 

SECTION 07210 - BUILDING INSULATION 

A. Thermal : Inorganic glass-fiber or mineral-fiber blankets, foil-faced. 

SECTION 07900 - SEALANTS 

A. General Exterior Building Sealing: Two-component gun-grade non-sag rubber­
based elastomeric; FS TT-S-00227E, Type II, Class A. 

B. Traffic-Bearing Horizontal Surfaces: Two-part puncture-resistant polyurethane, 
durometer hardness 25 to 50 after 14 days. 

C. Interior Building Sealing, Except As Otherwise Specified : Single-component gun­
grade paintable acrylic-latex water- based; WOODMONT "Chem-Calk 600" or 
approved equal. 

D. Acoustical Sealing: Permanently plastic non-skinning paintable synthetic-polymer­
based; PRESSTITE "No. 579.64 Acoustical Sealant" or approved equal. 

E. Sanitary Sealing: FS TT-S-001543A, Class A single-component primerless 
flexible mildew-resistant silicone rubber; DOW-CORNING "Dow-Corning Silicone 
Rubber Bathtub Caulk," Catalog No. 8640, or approved equal. 

F. Sealant Backup: Compatible with sealant material. 

2/25/91 
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DIVISION 8 - DOORS AND WINDOWS 

SECTION 08001 - HOLLOW METAL DOORS AND FRAMES 

A. Interior Door Frames 

1. Steel: Cold- or hot-roiled sheet steel, 16-gauge. One- piece welded 
construction. 

2. Finish: Manufacturer's standard baked-on rust-inhibitive primer. 

SECTION 08211 - WOOD DOORS 

A. Prefinished solid-core wood veneer. 

SECTION 08510 - ALUMINUM WINDOWS 

A. Aluminum frame system with baked-on color finish, profile and color to match 
existing. 

SECTION 08710 - FINISH HARDWARE 

A. Exterior Doors: Butts, panic hardware, threshold, closer, and weatherstripping at 
head, jamb, and sill. 

B. Standard Office and Laboratory Doors: Butts, lockset, closer, 3/4-hour-rated 
hardware; polished chrome and stainless steel. 

C. Locksets: SCHLAGE, non-removable cores. 

D. Electric Latch Release : Magnetic-card-actuated, LBL standard. 

SECTION 08800 - GLAZING 

A. Float Glass: 1/4", clear. 

B. Tempered Glass: 1/4", clear. 

2/12/91 
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DIVISION 9 - FINISHES 

SECTION 09250 - GYPSUM WALLBOARD 

A. ASTM C36 standard and Type X fire-rated gypsum wallboard, SIS" thick, with 
tapered edges. 

B. Accessories: Fasteners and joint-treatment materials of standard manufacture. 

SECTION 09510 - ACOUSTICAL CEILINGS 

A. Suspension System: Exposed "T" suspension system, Roblin Products, Chicago 
Metallic Corp., or equal. 

B. Acoustical Units: 24" x 24" x 5/S" thick, lay-in mineral board, Armstrong's 
Travertone, Conwed's Natural Fissured, or equal. 

SECTION 09650 - RESILIENT FLOORING 

A. Vinyl Composition Tiles (VCT) : 12"x 12" 1/S"-thick selected from standard patterns 
and colors. 

B. Sheet Vinyl : MIPOLAM "220 Series," TARKETT "Multi-Floor," or equal. 

C. Rubber Base: 4"-high x 1/S" thick, color as selected. 

2/12/91 
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DIVISION 10 - SPECIALTIES 

SECTION 10500 - MISCELLANEOUS SPECIALTIES 

A. Fire Extinguisher Cabinets (FEC): Recessed 25" x 10-1/2" x 4"-deep view door with 
curved projection (extinguishers provided by LBL). 

B. Fire Hose Cabinets (FHC) : Recessed steel frame with full wire glass door, to house 
75 feet of 1-1/2" fire hose and fire extinguisher, fire hose rack assembly (fire extin­
guisher provided by LBL); LARSEN "HCS 3030R," MUCKLE "301 R-1" with #900-
75 hose, or approved equal. 

C. Horizontal Blinds: Aluminum 1" venetian blinds, LEVOLOR LORENTZEN "Riviera," 
HUNTER DOUGLAS "Flexalum Decor," or approved equal. 

SECTION 10600 - MODULAR WORKSTATIONS 

A. Panels shall be capable of supporting a variety of work surfaces, drawer systems, 
shelving, file units, tackboards, panel-mounted ambient light fixtures, task lights 
and various accessories. Panels shall be constructed of steel frames, hardboard 
substrate and surfaced with a fabric covering or a plastic laminate finish. Panels 
shall be nominally 2" thick and have a vertical dimension of 62", 66" and 80" . 

Power and communications cables shall be supplied to the panels through a base 
raceway. 

2/12/91 
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DIVISION 11 - EQUIPMENT 

SECTION 11650 - LABORATORY FURNITURE 

A. Laboratory Furniture 

1. Fume hoods. 

2. Metal base and wall cabinets. 

3. Manufacturers: HAMILTON, PERMALAB, or equal. 

2/12/91 
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DIVISION 13 - SPECIAL CONSTRUCTION 

SECTION 13650 - PREFABRICATED LABORATORY MODULES 

A. Interior Laboratory Modules, dimensions as shown. 

B. Construction shall be non-combustible for installation within a type II, 1 hour rated 
structure (Building 6). 

C. Structural components and design of same shall comply with both UBC and LBL 
design criteria. 

D. Modules shall be complete and self-contained except for external plumbing and 
electrical connections by others. 

1. Included: 

a. Plumbing, electrical, HVAC and fire protection to meet the operational 
requirements given in Divisions 15 and 16 of this Specification. 

b. Laboratory furniture, and interior/exterior finishes to meet the requirements 
stated within the other applicable Divisions of this specification. 

E. Installation of modules on the existing concrete floor of Building 6 shall be in 
accordance with LBL Seismic Design Criteria, and as indicated on the drawing. 

2/25/91 
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DIVISION 14 - CONVEYING SYSTEMS 

SECTION 14240 - HYDRAULIC ELEVATORS 

A. Passenger/Service Elevator: 5,000 Ibs capacity, 5 stops. 

B. Elevator car with two doors. 

C. Hoistway entrances. 

D. Signals and fixtures. 

E. Machine room and hoistway equipment. 

2/12/91 
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DIVISION 15 - MECHANICAL 

SECTION 15010 GENERAL PROVISIONS 

A. Scope : All mechanical materials and installations in strict accordance with the 
following codes: 

• Uniform Mechanical Code 1988 
• Uniform Plumbing Code 1988 
• Uniform Building Code 1988 
• NFPA 13-1989 
• NFPA 72-1989 

SECTION 15050 - BASIC MATERIALS AND METHODS 

A. Scope: Specifies pipe, fittings, valves, specialities, supports, anchors, mechanical 
identifications, and insulation. 

B. Materials: 

1. Piping : 

a. Domestic hot and cold water piping; Type L hard drawn copper with 
soldered fittings; as per ASTM B-78, B 585-74 . 

• 

b. Industrial hot and cold water piping ; Type L hard drawn copper with 
soldered fittings; as per ASTM B-78, B 585-74. 

c. Chilled and Hot Water Piping : Black steel pipe with welded or threaded 
connections, or copper with soldered fittings. 

d. Natural Gas Piping: Black steel pipe with threaded or welded connections. 

e. Compressed Air and Miscellaneous Industrial Gas Piping: Type L hard 
drawn copper with soldered fittings. 

f. Low Conductivity Water (LCW) Piping: Natural polypropylene or 
polyvinylidene fluoride (PVDF) with butt-fused joints. 

g. Fire Sprinkler Piping: Black steel pipe with threaded or grooved 
connections. 

2/12/91 6·15 
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h. Domestic Waste Piping: Cast iron service weight piping with bell-and spigot 
joints for below grade. Indoors above grade use cast-iron service weight 
piping with bell-and-spigot or hubless joints for 2-1/2-inch and larger, 
galvanized steel pipe with cast-iron drainage fittings for 2-inch pipe and 
smaller. 

i. Vent piping 2 - inch and smaller, galvanized steel or DHV copper tubing ; 3-
inch and larger, cast iron with hubless joints. 

j. Industrial Waste and Vent Piping: Polypropylene drainage (DWV) piping 
with heat fused joints. 

k. Pipe Escutcheons: Sheet steel, solid or split hinged; chrome for finished 
occupied areas, prime painted at unoccupied areas. 

2. Mechanical Insulation : 

a. Insulate all domestic and industrial hot water piping with 1-inch-thick, pre­
molded, high-density fiberglass with an all service jacket (ASJ). 

b. Insulate hot water and chilled water with pre-molded, high-density fiberglass 
with an ASJ. Thickness to be established based on temperature differences 
expected. 

c. All air conditioning supply air ductwork downstream of heating and cooling 
coils to be lined with internal thermal insulation. 

C. Execution : 

Mechanical Identification: All valves, pipe, ducting, and equipment in the ceiling 
space and mechanical rooms to be tagged and marked for identification purposes. 

SECTION 15300 - FIRE PROTECTION 

A. Scope : Ordinary Hazard Group II wet pipe sprinkler system throughout the 
building. 

B. Materials: 

1. Piping: Schedule 40 steel with 175-pound banded cast-iron threaded, or 250-
pound flanged fittings, or grooved-end, flexible couplings. 

2. Valves : UL listed and F.M. approved butterfly valves. 

3. Sprinklers: Pendant, upright, or sidewall type. 

4. Sprinkler Risers: UL-listed flow and control devices. 

2/12/91 
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SECTION 15400 - PLUMBING 

A. Fixtures: 

1. Laboratory Sinks: Stainless steel mounted in counters. 

2. Emergency Eyewash and Shower: Free standing type, provided in areas 
where chemical use is expected. 

B. Soil and Waste : Floor drains to be heavy cast iron. 

D. Plumbing Equipment: To include acid waste plumbing and neutralization systems. 

SECTION 15500 - HEATING, VENTILATING, AND AIR CONDITIONING EQUIPMENT 

A. Air-Handling Unit: Factory-fabricated penthouse rooftop-type air handler. Air­
handling system shall be matched with bag filter (85% efficient), mixing box and 
supply fan section. 

B. Low Pressure Ductwork: All supply and general exhaust ductwork shall be 
galvanized steel constructed in conformance with ASHRAE and SMACNA 
standards. 

C. Power Ventilators: V-belt drive, roof-mounted centrifugal exhauster. Motors with 
vibration isolation. Low sound levels in accordance with AMCA standard 300-67 
testing methods. 

D. Variable Air Volume Terminal Boxes: Pressure-dependent type, including chilled 
water and hot water coil section. 

E. Diffusers, Registers, and Grilles: To suit application. 

F. Fume-Hood Face Velocity Control System: Electronic-type velocity controller set to 
maintain 100 feet per minute with associated velocity sensor mounted in the fume­
hood and damper/actuator assembly installed the fume-hood exhaust duct. 

G. Laboratory Exhaust Fans : Centrifugal type, single width, single inlet, suitable for 
roof mounting. All surfaces in the air stream shall be coated for acid resistance and 
corrosion protection. 

H. Laboratory Exhaust Ductwork: Industrial grade standardized factory machine 
formed duct with longitudinal seams and flanged and gasketed connections. All 
interior surfaces of laboratory ductwork shall be coated for acid resistance and 
corrosion protection. 

2/25/91 
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SECTION 15950 - CONTROLS 

A. Scope : To include requirements for provision and installation of all temperature 
controls and associated alarm systems. Control systems shall be of the direct 
digital type (DOC) suitable for connection to the existing (BAS) facility automation 
system on site. 

SECTION 15992 - AIR AND WATER BALANCING 

A. Scope: To include requirements for balancing all air and hydronic systems. 

2/25/91 
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DIVISION 16 - ELECTRICAL 

SECTION 16000 - GENERAL ELECTRICAL 

A. Conform to applicable standards of ANSI, ASTM, CBM, ETL, ICEA, IEEE, IES, ISA, 
NEMA, NETA, NFPA and UL. 

B. Conform to rules and regulations of the California Administrative Codes including, 
but not limited to, Title 8 - Chapter 4, Subchapter 5. 

SECTION 16050 - BASIC MATERIALS AND METHODS 

A. General: Building raceways , pullboxes, outlet boxes, conductors for general low­
voltage wiring , wiring devices, supports, attachments and grounding , including 
routine insulation resistance, continuity and rotation tests. 

B. Materials 

1. Rigid, intermediate and flexible conduit and electrical metallic tubing. 

2. Secondary cable, copper 600V cables with No. 12 AWG minimum for power 
circuits and No. 14 AWG minimum for control circuits. Feeder cable sizes as 
shown on drawings. Cable for the fire alarm system is specified in the Section 
dealing with that system. 

3. Wiring devices, ivory switch handles or receptacles and stainless steel 
faceplates, including duplex outlets . 

SECTION 16400 - SERVICE AND DISTRIBUTION SYSTEM 

A. General : Dry-type transformers, panelboards, switchboards, motor control center, 
transfer switch and equipment disconnect switches. 

B. Equipment 

1. Includes main and feeder circuit breakers, transformers, lighting and power 
panel boards, switchboards, motor control centers and equipment switches. 

2. Dry-type transformers, UL-rated 220 degree C insulation, designed for 185 
degrees C ultimate temperature with 40 degree C ambient, 115 degree C 
average temperature rise and 30 degree C hot spot allowance. Provide quiet­
type transformers with a sound level not exceeding 45 decibels. Provide 
transformers with taps and earthquake motion-restrained vibration isolaters. 

3. Motor control center, copper busses, combination starters, 300 amp vertical 
buss and separate control power transformers. 

2/12/91 
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SECTION 16500 - LIGHTING 

A. General: Fluorescent lighting for indoor locations with high pressure sodium for 
exterior locations. 

B. Fixtures 

1. Fluorescent, two tube 277V, energy efficient ballast for general lighting. 

2. Fluorescent exit lights. 

C. Control 

1. Infared sensors or/connection to the EMCS. 

SECTION 16700 - COMMUNICATIONS SYSTEM 

A. General: Integrated Communication System (ICS), Energy Management and 
Control System (EMCS) and building-wide paging system. 

B. Materials 

1. Minimum conduit size, one inch. 

2. Terminal cabinets, minimum size 24 inches high by 20 inches wide by 4 inches 
deep. 

3. ICS hallway cabletray, 6 inch by 6 inch, 2 inch conduit stub into rooms. 

C. Devices 

1. Wall or ceiling mounted speakers, volume controls, amplifier and microphones. 

2. Universal Receptacle (UR) for voice and data services. 

3. Supplmental Universal Receptacle (SUR) for local area networking, point to 
point data links, alarms, etc .. 

SECTION 16721 - FIRE ALARM SYSTEM 

A. General: Manual stations, alarm bells, door holders and zone water flow switch. 

B. Materials 

1. Minimum conduit size: 3/4 inch. 

2/12/91 
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2. Wiring, solid copper conductor as follows: 

a. System 3 wiring, 600V insulation meeting NFPA 70, not less than No. 14 
AWG for audible signaling devices and No. 16 AWG for alarm initiating 
devices. 

b. MX-316 or MX-203 wiring, 300V insulation meeting HFPA 70, two twisted 
pair No. 18 AWG minimum configuration with each pair individually shielded 
for the signaling trunk and single or multiple twisted pair with an overall 
shield, not less than 18 AWG for single pair and No. 22 AWG for multiple pair 
for alarm initiating devices. 

C. Devices 

1. Control panel: Add modules to the existing Pyrotronics System 3 panel. 

2. Manual stations: Interior stations, Gamewell Model No. 21868-8 with back box 
No. 43480. 

3. Alarm bells: Pyrotronics BDC-624 polarized 24V vibrating bell. 

2/12/91 • 
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ALS LIFE SCIENCES CENTER 

SECTION 7 

ENERGY CONSERVATION 

Various energy conservation features must be evaluated during the building design 
phase. Some of the specific items to be considered are summarized as follows : 

Active Solar Energy Collection System 

An analysis must be performed 10 determine the economic feasibility of providing an 
active solar energy collection system to furnish heat energy for domestic hot water, 
space heating, or a combination of both. 

Use of Variable Air Volume (VAV) Air Distribution 

Variable Air Volume (VAV) air distribution will be utilized throughout the facility . This 
feature of the design will provide a reduction of the supply air quantity in response to a 
reduction in load, producing associated fan , cooling, and heating energy savings. 

Variable air volume fume hood exhaust systems will also be utilized. A face velocity 
control system with associated sensor in the fume hood will modulate a damper 
assembly in the exhaust outlet of each fume hood. This system will maximize energy 
conservation by minimizing the energy utilized to condition pressure controllers, which 
will regulate the quantity of supply air as required to maintain the laboratories at a 
pressure of -O.03-inches water column with respect to the adjacent corridors. 

Energy Monitoring and Control System (EMCS) and Direct Digital Control (DDC) 

The mechanical systems provided under the design will be compatible with the 
existing EMCS Facility Automation System on site. A direct digital control system must 
be utilized throughout the facility. This system will be used for both temperatu re and 
duct static pressure control. This system will allow precise temperature/static pressure 
control, permit night temperature setback, and allow interface to the site energy 
monitoring and control system (EMCS) via coaxial cable or telephone lines. 

Lighting Systems 

All areas of the building will be provided with an efficient lighting system capable of 
maintaining footcandle levels recommended in the IES Handbook. Design of the 
system shall comply with all requirements identified in California Title 24. Lighting 
controls should consider the use of two-level switching and incorporate occupancy 
sensors to eliminate unnecessary use of lighting. Given the anticipated design and 
usage of the facility, it is expected that fluorescent lighting fixtures will be used 
primarily. Consideration should be given to the use of solid state electronic ballasts for 
these fixtures. 

1/9/90 
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ALS LIFE SCIENCES CENTER 

SECTION 8 

SAFETY AND ENVIRONMENTAL CONSIDERATIONS 

Safety Considerations 

An initial safety assessment review has been completed. A Safety Analysis Document 
will be filed before the start of construction. 

Operational Safety Procedures (OSPs) are mandatory for all potentially-hazardous 
experiments. The OSPs are reviewed by the Environment and Safety Hazards Control 
Department and the appropriate subcommittee(s) of the Safety Review Committee. As 
a standard procedure of the LBL safety program, all areas are inspected for 
compliance with federal OSHA and LBL standards. 

Lawrence Berkeley Laboratory complies with DOE 5480.1 A, 29 CFR 1910 and 29 CFR 
1926. Design review of equipment and laboratory facilities and review of experimental 
procedure is expected to reduce any hazards to a "low hazard" classification. 

Environmental Considerations 

An initial environmental review has been made for this project. No adverse 
environmental impacts are expected on or Off site. The project will have no impact on 
archeology, atmosphere, climate, flora, fauna or waste. There will be no underground 
tanks. A very small increase in the number of visiting scientists is expected, but this 
was evaluated and accounted for in the Environmental Assessment for the 1-2 GeV 
Synchrotron Light Source. The project is not located in a flood plain or wet lands. 
There are no environmental issues that will require unusual design or scheduling 
considerations. 

It is anticipated that an Environmental Assessment (EA) will be performed with a 
finding of no significant impact. 

2/25/91 
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ED&I Analysis 

ALS LIFE SCIENCES CENTER 

SECTION 9 

DETAILED SUPPORTING DATA 

Basis for Architectural Design 

Basis for Mechanical Design 

HVAC Load Calculations . 

Basis for Electrical Design 

Cost Estimate Detail for Conventional Facilities 

Details of Estimate of Scientific Equipment under Schedule I, 
Special Facilities 

Details of Estimates of Scientific Equipment under Schedule II, 
Standard Equipment 

ALS - LSC:CDR 
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ALS LIFE SCIENCES CENTER 

ED&I ANALYSIS 

LBL Activities 

Engineering 

Title I (3 MM at 7.38/mo) 
Proj Arch 1 x .4 time x 3 
Proj Team 3 x .2 time x 3 

Title II (7 MM at 7.38/mo) 
Proj Arch 1 x .4 x 7 
Proj Team 3 x .2 x 7 

Title III (7.5 MM at 7.38/mo) 
Proj Arch 1 x .17 x 16 
Proj Team 3 x .10 x 16 

Inspection (9.4 MM at 7.38/mo) 
Inspectors (combo) .5 x 16 
Equipment Installation 2 x 7 

Consultants and Vendors 
Independent Seismic Reviews 
Independent Cost Estimate 
Advertisements 
Printing 

NE Activities 

(FY 1990 $K) 

12.5% of designed construction costs (2,333) 
including Special Facilities of 397 

= 
= 

= 
= 

= 
= 

= 
= 

Total Estimated ED&I 

1/9/90 
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1.8 

2.8MM 
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2.7MM 
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8.0 
1.4 

2 
5 
3 
6 

= 22 

= 52 

= 55 

= 69 

= 16 

214 

292 

506 
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ALS LIFE SCIENCES CENTER 

BASIS FOR ARCHITECTURAL DESIGN 

pemolition - Building 80 

Remove all existing partitions, ceilings and floor finishes as indicated on the drawings. 
Laboratory equipment and cabinet work to be salvaged for re-use. 

New Construction - Buildings 80 (2nd Floor) and 6 (Mezzanine) 

1. Exterior Wall System at Building 6 (existing) : New gypsum board finish over 
existing insulation. The interior separating wall (mezzanine from ALS high bay 
area) is in place. New paint finish. 

2. Exterior Wall System at Building 80 (existing): Finished inside typical. New 
finish: Darkroom - gypsum board; bathrooms - ceramic tile. New aluminum 
window in the office area to match existing. 

3. Interior Partitions at Buildings 80 and 6: New non-combustible metal studs 
finished with gypsum board, painted. Demountable partitions to structure at 
beam line laboratories. 

4. Ceilings: Building 80 - exposed; Building 6 Mezzanine suspended T-bar 
system with lay-in accoustical panels, 9 feet high. 

5. Floor Finish : Vinyl composition tile, 12" x 12" x 1/8", trimmed at walls with 
rubber base. 

6. Fume Hoods and Laboratory Furniture: New; metal base and wall cabinets. 

7. Bathrooms: Ceramic tile floor and walls; gypsum board ceiling . 

8. Building 80: Modular demountable partitions with prewired base and modular 
furniture, plus carpeting will be furnished in the "open plan" office area. 

1/17/90 
ALS·LSC:CDR 
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BASIS FOR DESIGN 

1. MECH ANICAL SYSTEMS 

A. DESIGN PARAMETERS 

Design t emperatures and heat transfer factors are taken from the 
ASHRAE Handbook of Fundamentals, 1985, Weather Data. 

• Outside Design Temperatures: 

Laboratories 

Other 

Summer 

85°F. db/65°F .wb 

80°F. db/63°F .wb 

• Inside Design Temperatures: 

Winter 

WF.db 

Laboratories and administrative offices provided with air 
conditi oning: 

Summer: 76°F db 
\'/inter: 72°F db 

Gi ven the relati vely mild climate that exists in the San 
Francisco Bay Area , control of the space relative humidity is 
not requi red . Humidity with in the conditioned spaces wi 11 
remain between 30% and 70% without the use of special systems 
or controls. 

• Heat Transfer "U" Factors: 

For purpose of preliminary calcul ations, the following 
nominal values have been used. 

Building 6 

Roof: 
\01 a 11 : 
Windows: 

Building 80 

Roof: 
Wa 11 : 
vi i ndows: 

Summer 

0.05 BTU/ft'-Hr-oF 
0.07 BTU/ft' -Hr-oF 
0.35 BTU/ft'-Hr-oF 

Summer 

0.12 BTU/ft' -Hr-oF 
0. 13 BTU/ft'-Hr-oF 
1. 06 BTU/ft' -Hr-oF 

l'/i nter 

0.05 BTU/Hr-ft' -OF 
0.07 BTU/Hr-ft' -oF 
0. 31 BTU/Hr-ft'-oF 

Hinter 

0. 12 BTU/Hr-ft '-OF 
0. 13 BTU/Hr-ft' -oF 
1.02 BTU/Hr-ft' -oF 
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When making modifications to the envelope of the existing 
building, insulation should be added to walls, and any 
modified glazing should be of double-pane type, in order 
to achieve heat transfer factors closer to those indicated 
for Building 6 above. 

B. HEATING 

Heat for both those portions of the Life Science Center to be 
located within Building 6, as well as within Building 80, will 
be supplied from the existing hot water heating system in Build­
ing 6. Under this contract the existing hot water supply and 
return mains wi 11 be tapped and new insulated branch piping 
extended to heating coils located in the variable air volume 
terminal units. The total heating load required for the Life 
Science Center is calculated to be approximately 603,100 BTUH, 
with an additional heating load of approximately 36,600 BTUH 
imposed by the ALS support area on the first floor if required. 

C. AIR CONDITIONING 

In order to comply with the inside temperatures for personnel 
comfort identified in Chapter V, Paragraph 7 of DOE 6430.1, the 
entire building areas occupied by the Life Science Center will 
be air conditioned. The system supplying the laboratory areas 
will be of the variable air volume type, utilizing terminal 
boxes located in the ceiling spaces. The variable air volume 
terminal boxes will be modulated by space pressure controllers 
which will regulate the quantity of supply air, as required to 
maintain the laboratories at a pressure of -0.03-inches water 
co 1 umn with respect to the adjacent corr i dors. I n order to 
provide the required makeup air for the fume hoods, as well as 
ensure a safe working environment, the laboratory systems will 
utilize 100 percent outside air. 

Outside air for the laboratories on the second floor of Building 
6 will be provided by the existing air handling unit supplying 
this area. Outside air for the laboratories to be located on 
the second floor of Building 80 will be supplied from a new 
penthouse-type air handling unit located on the roof of Building 
80. The air handling unit will be provided with a filter bank 
and hot water preheat coil. Disposable filters having an effi­
ciency of approximately 85% (ASHRAE 52-68) will be utilized. 
All supply air ductwork located downstream of the variable air 
volume terminal boxes will be insulated. 

Heat for these areas will be supplied by hot water coils mounted 
adjacent to the variable air volume terminal boxes. 

Cooling for these areas will be supplied by chilled water coils 
mounted adjacent to the variable air volume terminal boxes. 
Chi lled water wi 11 be provided by the existing chi lled water 
system within Building 6. The total cooling load for the Life 
Science Center is calculated to be approximately 475,000 BTUH, 
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with an additional load of approximately 80,000 BTUH required 
to condition the ALS support -area on the first floor if desired. 

Temperature control for the laboratory spaces will be maintained 
by a direct digital control (DOC) system incorporating tempera­
ture sensors in each laboratory. The DOC system will modulate 
control valves at the heating and cooling coils as required to 
maintain the desired space temperature. 

Office and support areas will be served by a system utilizing 
fan-powered variable air volume terminal units. During periods 
when heating is required, the variable air volume terminal units 
will modulate to minimum supply air quantities. Should addi­
tional heat be required, the zone temperature direct digital 
control (DOC) system will modulate open the hot water control 
valve at the associated heating coil. During periods when cool­
ing is required, the system will first utilize free outside air 
cooling whenever available. Should the outside air temperature 
rise above the inside design condition, the variable air volume 
terminal units will drive to minimum position, and the integral 
fans in the terminal units will be energized, providing return 
air to the zones. The zone temperature direct digital control 
system will then modulate the chilled water control valves at 
the variable air volume terminal units as required to maintain 
space temperature. Outside air for the office and support areas 
will be supplied from the air handling units serving the labor­
atory spaces. 

All air handling units will be provided with fan capacity con­
trol utilizing variable frequency drives. The direct digital 
control (DOC) system, with associated static pressure sensors 
located in the supply air ductwork, shall modulate the variable 
frequency drives to maintain the required duct static pressure. 

D. SPECIALIZED LABORATORY AND GENERAL EXHAUST 

Variable air volume fume hood exhaust systems will be utilized. 
A face velocity control system with associated sensor in the 
fume hood will modulate a damper assembly in the exhaust outlet 
of each fume hood within Building 6. Multiple fume hoods will 
be ganged together and ducted to exhaust plenums on the r00f. 
Each plenum will be provided with multiple exhaust fans to pro­
duce high system reliability. Given the minimal headroom within 
Building 80, only fume hoods within individual rooms will be 
ducted together. Smaller individual exhaust fans will then be 
located on the roof directly above the associated laboratory. 
Variable frequency drives will be utilized to modulate exhaust 
fan capacity to suit air flow requirements established by con­
trollers located at the fume hoods. 

A general exhaust system will also be provided for the Life 
Science Center area located within Building 6. The general 
exhaust system will be utilized to remove from the building the 
outside air that is brought in for ventilation and free cooling 
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when available. The general exhaust system will be provided 
with a variable frequency drive, such that the exhaust air quan­
tities can be adjusted as required to maintain a slight positive 
pressure in the building. Due to restricted headroom, relief 
of outside air brought into Building 80 for free cooling will 
be through rooftop barometric dampers located above the various 
spaces. 

E. MECHANICAL COOLING 

Cooling for both that portion of the Life Science Center to be 
located within Building 6, as well as on the second floor of 
Building 80, will be supplied from the existing chilled water 
system serving Building 6. Under this contract the existing 
chilled water supply and return mains will be tapped and new 
insulated branch piping extended to cooling coils located at the 
variable air volume terminal units. 

F. PLUMBING AND PROCESS PIPING SYSTEMS 

All plumbing fixtures will be provided and installed in accor­
dance with the Uniform Plumbing Code (UPC). The design of the 
plumbing system shall be in accordance with ODE Manual 6430.1A. 

Process piping systems will be provided as required. Process 
piping will be routed in the ceiling spaces of the laboratory 
areas. Process piping systems to be included are- as follows: 

Compressed air 
Non-potable industrial hot and cold water 
Low-conductivity water (LCW) 
Natura 1 gas 
Treated water 

Industrial water, low conductivity water, treated water, natural 
gas, and compressed air will be extended into these areas from 
the existing systems located in the facility. 

In order to accommodate the acid waste to be generated, labora­
tory areas will drain to small tanks and will be pumped overhead 
to acid neutralization systems. As the buildings are existing, 
this method will minimize construction costs and eliminate the 
need for a double contained piping system. 

G. FIRE PROTECTION SYSTEM 

Existing fire protection systems within the facility will be 
modified to suit the revised wall layout. 
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COMPUTED BY: BWJ 
CHECKED BY: 
DATE: 12-7-89 
REV: 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 

MECHANICAL CALCULATIONS 

INDEX 

Cooling Load Summary 

Heating Load Summary 

Building 6 Design Data 

Building 6 Cooling Loads 

Building 80 Design Data 

Building 80 Cooling Loads 

Building 6 Heating Loads 

Building 80 Heating Loads 

PROJECT: 16-199-09-1 

PAGE 

1 

3 

5 

9 

18 

23 

36 

43 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 12-7-89 
REV: 

BUILDING 6 

ROOM 

Offices (9) 

Lab (East) 
Vertical Beam 
Darkroom 
Microscope Room 
Lab 
Lab 
Lab (West) 
Corridor 

Subtotal 

BUILDING 80 

ROOM 

Microscopy 
Microscopy 
Microscopy 
Darkroom 
Biochem Lab 
Surgery 
Cell/Tissue 
Equipment Room 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 

COOLING SUMMARY 

SUPPLY D.A. 
CFM CFM 

215 (9) 15 (9) 
1,935 135 

825 825 
235 235 

40 40 
50 50 

825 825 
1,825 1,825 
1,575 1,575 

900 900 

PROJECT: 16-199-09-1 

SHEET NO. 1 OF 56 SHEETS 

COOL! NG LOAD 
BTUH 

4,570 (9) 
41,130 
15,670 
7,370 
1,270 
1,600 

15,800 
27,550 
24,820 
13.730 

148,940 + 25% 
Say 186.175 BTUH 

SUPPLY TRANSMISSION/ MAKEUP O.A. 
CFM VENT LOAD O.A. LOAD 

800 14,928 1,000 10,800 
405 8,969 
550 12,225 
800 2,073 1,000 10,800 

2,250 50,380 2,400 25,920 
775 18,759 775 8,370 

1,800 12,152 2,000 21,600 
250 5,061 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

COOLING SUMMARY (CONT.) 

BUILDING 80 (CONT.) 

Glass Wash 365 
Offices 230 
Offices 140 
Corridors 

Subtotal 

Subtotal Combined 

TOTAL COOLING LOAD 

Building 6 
Building 80 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 

COOLING SUMMARY 

8,371 
5,482 
3,598 

11.612 

153,610 

PROJECT: 16-199·09-1 

SHEET NO. 2 OF 56 SHEETS 

77,490 

231,100 + 25% 
Say 288.875 BTUH 

186,175 BTUH 
288,875 BTUH 

475,050 BTUH 
Or 39.6 Say 40 tons 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

BUILDING 6 

ROOM 

Offices (9 ) 

Lab (East) 
Vertical Beam 
Darkroom 
Microscope Room 
Lab 
Lab 
Lab (West) 

Subtotal 

BUILDING 80 

ROOM 

Microscopy 
Microscopy 
Microscopy 
Darkroom 
Biochem Lab 
Surgery 
Ce 11 /Ti ssue 
Equipment Room 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 
HEATING SUMMARY 

PROJECT: 18-199-09-1 

SHEET NO. 3 OF 56 SHEETS 

MINIMUM O.A . HEATING LOAD 
CFM CFM BTUH 

IlO (9) 15 (9) 1,500 
990 135 13,500 

1,000 1,000 39,750 
120 120 5,180 

20 20 890 
25 25 1,120 

1,000 1,000 39,640 
2,000 2,000 75,780 
1,750 1,750 69.030 

6,905 6,050 244,890 

SUPPLY TRANSMISSION/ MAKEUP O.A. 
CFM LOAD O.A. LOAD 

800 7,596 1,000 41,800 
200 9,199 15 615 
225 5,764 15 615 
800 831 1,000 41,000 

2,250 18,326 2,400 98,400 
775 2,257 775 31,775 

1,800 2,709 2,000 82,000 
125 3,468 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

HEATING SUMMARY (CONT.) 

BUILDING 80 (CONT.) 

Glass Wash 
Offices 
Off ices 
Corridors 

Subtotals 

365 
230 
140 

Subtotal Combined 

TOTAL HEATING LOAD 

Building 6 
Building 80 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 
HEATING SUMMARY 

2,249 
1,900 

912 
3.908 

59,119 

30 
30 
30 

PROJECT: 16-199-09-1 

SHEET NO. 4 OF 56 SHEETS 

1,230 
1,230 
1,230 

299,095 

358,214 STUH 

244,890 
358.214 

603,104 BTUH 
(Approx. 20 boiler HP) 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

BUILDING 80 

WEATHER DATA : 

From ASHRAE Fundamentals, 

Laboratories 
Other 

INSIDE DESIGN TEMPERATURES 

U-VALUES 

ROOF 

O.A. 
3 in. lightweight concrete 
1 in. fiberglass 
LA. 

U = 1/12 (BTU/ft2-HR-OF) 

COMPUTATION SHEET 

LBL - LIFE SCIENCES 
MECHANICAL DESIGN 

CRITERIA 

1985 Weather Data 

SUMMER 

85°F DB/65°F WB 
80°F DB/63°F WB 

Summer: 76°F 

(R) WINTER 

0.17 
2.58 
4.00 
0.92 
7.67 

0.12 

PROJECT: 16-199-09-1 

SHEET NO. 18 OF 56 SHEETS 

WINTER 

34°F DB 
34°F DB 

Winter 72°F DB 

(R) SUMMER 

0.25 
2. 58 
4.00 
0.92 
7.75 

0.12 

9-27 



COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

BUILDING 80 

O.A. 
Metal siding 
Airspace 
1-1/2-in. fiberglass 
Metal siding 
LA. 

Windows: 

COMPUTATION SHEET 

LBL - LIFE SCIENCES 
MECHANICAL DESIGN 

CRITERIA 

(R) WINTER 

0.170 
0.008 
0.680 
6.000 
0.008 
0.680 

7.600 

0.13 

Single pane with emittance 1.02 

PROJECT: 16-199-09-1 

SHEET NO. 19 OF 56 SHEETS 

(R) SUMMER 

0.250 
0.008 
0.680 
6.000 
0.008 
0.680 

7.600 

9-28 



COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

BUILDING 80 

CLTO FOR WALLS 

From ASHRAE 1985 Fundamentals 

COMPUTATION SHEET 

LBL - LIFE 
SCIENCES CENTER 

CDR 

Tables 6, 7, 8 Group G, Walls, at 1600 hours, and 
Table 9, Latitude Month May/July 

N 
NE 
E 
SE 
S 
SW 
W 
NW 

24 
26 
29 
30 
37 
63 
67 
47 

K = 1 Assume dark coloring, industrial area. 

T, = 76°F indoor design temperature 

To = 85°F outdoor design temperature 

Therefore, the corrected LLTO shall be (per ASHRAE): 

CLlO corr. = [(CLlO + LM) x K + (78-T,) + (To-85)] 
= [(CLTO + LM) x 1 + 2] 

PROJECT: 16-199-09-1 

SHEET NO. 20 OF 56 SHEETS 

o 
o 
o 
o 
1 
o 
o 
o 

9-29 



COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11·12·89 

COMPUTATION SHEET 

LBL • LIFE 
SCIENCES CENTER 

CDR 

PROJECT: 16-199·09·1 

REV: SHEET NO. 21 OF 56 SHEETS 

BUILOING 80 

CLTO 

N 24 
NE 26 
E 29 
SE 30 
S 37 
SW 63 
W 67 
NW 47 

ROOF CLTO 

1985 Fundamentals, Chapter 26, Table 5 
Roof Type 4, with suspended ceiling 
At 1600 hours 
CLTO = 43 
LM = 1 
f = 1 (no ceiling space ventilation) 
K = 1 dark color 

CLTO CORR. 

26 
28 
31 
32 
40 
65 
69 
49 

CLTO corr. = [(CLTO + LM) x K + (78-76) + (85-85)]f 
= 46 

GLASS CLTO 

Page 26.14, ASHRAE Fundamentals, at 1600 hours CLTO = 14 

9-30 



COMPUTATION SHEET 

COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 
REV: 

BUILDING 80 

MAXIMUM SHGF FOR FENESTRATION 

LBL - LIFE 
SCIENCES CENTER 

SHGF 

From Chapter 26, Table 11, MSHGK at 400N 
In TU Y 

MSGF 

N 38 
NE/NW 163 
E/W 216 
SE/SW 170 
S 109 

Assume shading coefficient of 0.80. 

ClF 

PROJECT: 16-199-09·1 

SHEET NO. 22 OF 56 SHEETS 

(MED. CONST. FOAM) 
AT 1600 

0.74 
0.26/0.42 
0.26/0.50 
0.33/0.58 
0.47 

9- 31 



COMPUTATION SHEET 

::eu 1[...-9 1 t-J!.J? go -

~ Keller & Gannon '~~ 
Engl neers -Arc hI teets 
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CHECKED BY ?, t1D 
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COMPUTATION SHEET 

-:.BJ I \;17 I 1---1 b 60 

~ Keller & Gannon 

Eng I neers -Arch Itects 

COMPUTED BY IZ~ 7:> , 1> L- L.lrl~ 'Sc...I r!: IIJ(",~ 5 PROJECT I b - I ""I c, -0 '"1 
CHECKED BY[ff:f/? 
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j " I ( .~ ' ''''' :.D",J (, I II. o f -,e. <" .... "',Z .... \ SHEET NO. ?4:- OF .J h SHEETS REV. 19 
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COMPUTED BY-=ll~~~,,--,~=-_ 
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COMPUTATION SHEET 

"60\ Y7\~6 t?~ 
l if"L:' klr/~ 'Sc..I~N'-I% 5 

~ Kaller & Gannon :?'I 

Engineers-Architect. 
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COMPUTATION SHEET 

13J I [.;;910 b. go 

~ Keller. Gannon 

Englneel1-An:hllecIS 
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I~~"AN~ >T' -'~i';' ~O~'\ ':, e ... , '. . all '.'''.''' . .... vo .. ", ... oooa. -_I.& • c:" .. 1 ".1U0f0I • -I,ll .. >T' · _ . _____ ' __ C"./ 00011 _ 

I,ll .. " . · ...... \0111' "' ... 111 

. I,ll .. >T' · t-n
- c .... c. ".CT· C:". ' ''T 

IIoo'·So. 101 ,,>T' q(.,. • .It. 5 :>':" LT •• " ... 
.. n. · e,. •• ,. T ... U • 

"ANI. OA'N_'XC'" WALLI • 100' .",~::;;?:~~?.O~::T All GI,m SQ I'"T' · ."".CTlve 06 
P""" .. .. >T' · .... , ............ T • • 

""'CToti ... ",.eTta ;';:="T~'" ~_T 
Co,'''' .. >T' · .D. , ,.n. , • .n. , , 
' to" .. >T' · DEHUMIDifiED All OUANtlfY ,.,,''''', .. C, •• · . .... -- ", ___ '.11'.". __ ,, - T .. clO' __ '" • 

~IN1UN.l HUT 

14( .... .--.... ~ .. "",. \ ( z,dlo '). '.O'L. ' ~D C"1III 0 • - t ••• ", .......... 
.... ' I." ( (' C::Y"/,., ' • D.... I u \ I ?'>. - ...... ~ . L,fo" • An .. I .•• -. ..•. .~" . ~1.".OUy\.'T .'.1' 

""''''''. Elt. · . ~ .. ~r. SU"LY All QUANTITY Addlhon,l Hul Gains · -;1 . . _ ••••. • ~. '71 "'. TDTAL . , .•. -z~ , CP"'I& 

s ..... .. "-"~ · , . , DI1 '.'O 0' •• 

"'. TOTAL I '-f ;c... c"'t •• c_o •• • e_ • • 

"'.~ ,,,',, ") , "17 I!sUITINO 'N', ~IVO CONomONI .1 
ROO_ ".IIBLE HEAT • 7~ 6? ;'0. 

......... ,.., au ........ ., .0 • . e .. ",o •• 1'10 .. _".'1 ... _"1. T1DC_' ...,.. ~ .. • •• -..,., ...... ... • LA" . . ... 0" ....... . P . , .~. 

()O, ... A" ••• • , . .. ...... 
LDO . ". " .. oc 

, 
E' , ROO_ 'H EAT • Z 

_. IT
loc " • T .0 • , ~<, ,_ .rYe • . CO.OT, '" Y, 

'nllll r,IIOil 
"'~:~~'A' 

• G. ' L' • 0." Nons 
",," 1[7 -:>.,t;.,) .... L •• "IU 7J 
1_ ~ L",." • ,,,. 

....... , ... Elt. 

W'". H .. , eo", ..... ,,-.. .. ""DO' ""L •• 

"'. TDTAL ?;>S .. ,.~ ." •. ~ , 2-.oe. ,."., ., .. ",c.. 
""PLYOUtr ., .... , LO .. , 
()O, ... All C .. • '.' L' • .. ..... , • '00. '""., "'AT .40 

• ROO_ TOTAL HUT. 7. n-r-:, 
OUTDOOI All HIAT 

... "." c .... P • II • .... 1 •• •• 

... """ .... '.' L'· ,., ." ..... 9-35 
-~- -~- - ,.~J:TA\ ouc. ouc. ." , .... AT" ,_ "'0". D.'._, .......... C_ .. _ "".'p po ........ c .... 
~T""'" ............. ""11 ,,- ........... OU •• '"'' .. D .......... 

GRA.O • '1 . 7> I _.~-:::::::::- :.~'u.;.~- ~~- ~'ooo •• "0 ., ' ... _ ., •. ., .......... c_. _,.. . ' .'co c_. 
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COMPUTATION SHEET 

130 \W1W6 60 

~ Keller. Gannon 

Englnoers- Archltects 

COMPUTED BY 12.~?:' l j?,L- L,Pi!. Sc..I ~ N'-I: 5 PROJECT lb· Ij'1 ·09 

a:H~7 CHECKED BY 
DATE 19~21 C. 0.0 

"-' AI '" L.O-"t-~ 

REV. 1t ~ - : I '"l., 0 C I\- (;,.../1 ~ I fl . .oI/ ~ '" \!:, SHEET NO. ;2. 7 o.F 5 ?;; SHEETS 

~;. Used ''' . 0/4'1Z- SOH' q (7_ 00/''11cu H 
EsII.ale tor 1,.0(:101.. TI_ I Put. Lo.d ,-OCAL. "I_ . ...". TI •• ,,,,"'fl_ 

'"'' I ... ,,~. Olt I &IN GAIN 0" 'ACTO" .TU! HOUlt 
[ H,",. " 0, ... "," 

OUilNTlTY T~"'~ . 011"' . 0.- •• , ... Do .. ". 
, 2;'1'0'" OAi · • 4-7 /t( 

"0" -;;, s 
G'm Z '0'" flY! " ... 7 &> 
G'm '" " . · D" q 
G'm '" " . · b 

OU'DO~AI. 

Glm SO" • · , 
-'1..& • I S c,."It".",,* . 9 0' ,"" ".", .. " , · ~- .. ~ c".,.o "" , 

T~" • "'N~ :T':N-:;O' 1.00' I ~ !~n 
c"' , •• 

Wall I"," "" ___ ~. "_C".,_",OIoI ' -I." .. " . • .... ____ , __ c" .. ,DOQfI" 

I." .. " . , 
....... ",." .... III 

I." "H ' · [_n~ 
C .... CIll "'.CT· c: .... : "T· 

Roo,·"," I c:r 'r '" .'0'" q b . I'Z,. '-f?i" eN 11011"11.. T"ATION • .. ". · c." , .,. T •• U • 
AI, COm 2. 'Z> ' I '0'" i4-lS

• 1.00" .02- 4 17.1 
.~ :~ "'''I~OT "';:S .,. ... CTI_ 

o f c ."",, .. .. " , · " .. •• "', .... T • 
I'.CTOfil 4c: ~- Cj "3 c.",", "H' · 'no ,.n. o . • FI, .. SO" • · " " Do -

lnllllr.IICII c." • · .. ... DEHUMIDifiED All OUANTITY -- "-__ WI· IT.,, __ " _ T .. o,, __ ' " • 

..,,'. r.:;. 
INTUNAL HUr Z~ 

1,'6C' .--- .~ . 
~EO"LI: " - . C:~"CI • 

I ••• ,~ ........ .... , -Z '=' l"::. <-r J •• 0 ••• • /" C-- I l ~ 57 _ ..... . ~T 

""''' I .. n •••.•• / "I' 'Ie.- ~ , ... ' c ... : ' •••• OUH •• , ",." 

. (Ie. · AoId,""" He" ""OS · q~~(~':'LY All 
SUI TOT'L ~. ....... ~ . . Z.,Z't 1 

t .... 'Z~, 
c:PM,& 

Sb .... • 0 ". · , . , 0'''.'00''. J 

SU,TOT.L A C _ ... - c_O & • c _ •• . ..,.~ 'ae,,, '5' ' Z 
'N' • 'YO ; AT ... "AUTUS 

ROOM IE."BLE HEAT • q )( n 
..... ~~y .... , .. ... " AD • 0 C'·o •• • TOA_'_T •• _fI". T 1CI._" 
_. 

~" ••• -","_11'01 " I ~A • . 1..0 .. "N .... , .... , 
IN''''',''' I eta c •• ' '1 p . " ... .... b LD. 

, ,00.sE."BLE .EAT. 
• ... 0'1"0. ,. - 1'.0. ,.. T~o. " 4'>< ~~ 'ROMflrvCM . CH •• T' T ••• _____ ... T ..... • 

,,"",,',"' lII:~: ~'II GIt / L. · O." NOTU 

..... ,. &> .ADPL •• ,qe:> / 1'1( 

s_ L" •• • " .. 
, ('< . 

.... "''' H .. , Go,,,, 
V.~ , ,,~ •. ... ", ... . . ' L •• 

SU' TOT.L I I' ·e 
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' 00" .AT'.' •••• f 7 
,"PPLY OUC, ....... LO" , 
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, 100" "TE.' .EA' I '1'1' 7 

ROOM TOUL .EA T • cJq 5 "1'-: 
A'I HIAT 

10",., '1 D c ... • q ""II . t I ... 1° ' .• 7 X-
~t c ... • " ' L" ,, _ ........ _TV_ _TV_ 

.... TOTAL 9-36 
~, ~, - ~ .. .,., ,. .. " &," ,_ "'0" . • In., .......... " ""_._ "".'e w, •• e'IICI", _A""'11t "t UlAII. . .. ," ,,~ " t ... _ LOll , 

~I" ~ '=::L~:';:'::::.:~I;,::~::~~·~~ooo" .... 0 ""U_, ~':" .U" ",.PL' ,_. "",.0 TOT Il .EA T • ,."". AIR COIIDITIOMIM& LOAD [STIMATI C_E'IIOOUCEO IV 'EAIIlISoSlON OF CM_IU COItPC)tiTION) 



COMPUTED BY 12. ~ b 
CHECKED BY rrcUdi:: 

COMPUTATION SHEET 
::e:u \ Vt71 ~ 61 80. 
, j?, L - L.r r'~ 'Sc... ~ Nt-If S 

~ Keller & Gannon 

Engineers- Architects 

PROJECT I b - 19 C, - 0<'\ 

DATE 7 _ 7 19U 
REV. IS . .J SHEET NO. J- {( OF:n; SHEETS 

I Puk load ' 

H.", ., 0,""00' ,n .. I A"E. 0111 I ""H GAIN 0111 ,. ... CTOIII 
QUANTITY TVoI" . OI"" . .. . ... oa O. .o, La 

Glass SOLA:." . · .0 ... 
, '0" ~ ":> ' 
''"'' 'r,-, 

G'.., SO" • · . e' 
G'", SO" • 

. '-
G'", _so ,'.._ · · Sky""" ,." . 

SOLAI & T .... NS. GAIN-WALLS' 100F 
I---"~ __ ----:::: C,.III /lQ "T .'.=-__ _ 

c,," •• 
50 FT. " ' 010 ' 010 •• "0",,"'0 ___ ~. "_C"",_lUo... " ____ _ 

.. " so,, · • _. ____ " __ C,. .. , _ " ___ _ 

.,11 50 FT.. . ..... "",. "' .... _____________ _ 

"',:;""::;"'-,--7l""' ___ -so;:'_:_:_ "':-·-zl"---· -P""T"--1---1I---,,,,j,.,.-~rlll-"~ COAC. ___ .~, 
Ib>'.s" 4<'tc, so " • <-fb '. I , 7~ . I ':>, .=----.... '. so,, · • c ... ' ,AI. , •• u • 

T .... NS. GAIN_IXel" WALLS & 100f _ ~~~~f: 
AI'Gloss •• " " ..... ,,~ "'" . ~ .[.;:-: • ., , <:":f -, "".II'':'''-''OO'''-----so::,,-:: ,,,:::: .. -::-.----.---+-+--t---iII!:»41" '.1011 10 .... ,. • "-

c.",;, so,,·· .0. ,"«- .0. . "f ~-z.'L.'t "0" 
FI.OI .. " • • 

, 
Inllllr,I IOI1 CF.... • I .. DEHUMIDifi ED Al l OUANtlTy 
~~~----~'------~~--i--~-+---tl __ 
-------::-==:-::-=------i--r---+---ll - 1"'--·'" ·11' .... __ " - 1',,0" __ " ' --- ' 

h INlllHAl HUT • 7'~~ I ___ !!<!~=. -~-""-2' .. !!""-2.~ . • '"'-"~, 

~~. ~~~2fL::~ili:~.~ '· _~±::±~~~,...,~I~=~M 1- . • ____ c •••• I"'tIOple ~I:O"I..I[ . ~ ___ t... ", ..... ". 
" .. , -e- Cs.. q ) •• 0 ... • 't 9"", 3> 
l,'''' c:: • .,TI ••.•• q'-r ~- ~ iJ5'" - . I---:-, .. _-."--=-:..:"='~' .==;-'':,,' 
"""'''''. Ele. • 

,,:.~ ,,,~, 

'00' 1E""OlE "En. 
"'~~\.., tu~~L" 
OUCT DUCT ........ 
-...T GA llO '\. ~"''' . ",CoII '\. H . P . , 
l),'."" ." '-f t'"""> .,.. q __ , . . I ., . ' .'" 

• '00' SEH"OLE ",n • 

"T~~: :'.. G •• La' . ... .... ,. ( .... L<. I ~/('/ 
L ..... "SO 

""', .. , ... Ele . 

.. " .. ,' H." Go". 
v .... T._ .. ... "". '- •• ' La · 

.. a TOTAL 

50'" ." •• 
.00» L.".T .,., 

"'''-'.LT OUCT " .... , LOTT • l)".,.,." c ••• ..' La · a. · .... 
" , "00» ,.".T ."T 

, 1000 TOTAL HEA T • 

C,," ' q 'AI: ~,',~T 1-"" '-U. 
eno • ../ L • • ,,_ a" ..... 

_""'.0 TOTAL HEAT. 

10 

'6. 1 
1(P 77<; 

I l'tc 

'/ l'f( 

57 
, Ie,., 

. , 'H 7 

" </.] 

I IX /,' 

Loa 

.. I" •• OU., ... ., .,.,. 

I J , _ t} SUPPLY All QUANTifY 
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~ .... t. {..~ .. 0 . .. ". 0 ... .. 

cn... -

• 'NT' ,YO 'AT ."""TUS 

• 

NOTIS 

9-37 

( ·502. All ~""UIlIURIRb LOAD ESTIMATE ,",'oooue,o" """"'OH o. CAJ('''' CX>OPOO.TlOH, 
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COMPUTATION SHEET 

y;,0 \ v171 tJ b, 6D 
l i? L - /..1 F/~ Sc..., e" ,."L-Il S 

(" . no L' AI '-t L. 0I't-~ 

PROJECT I b - \ 'j '1 - 0"\ 

DATE I \ -liJi /..- 19B 
REV... 12. ~ SHEET NO. i1 OF ..;;t1 SHEETS 

, S'l4 .. ", "1'17_ ,.:rh 'f"?-U"T EslliUlt 10f I Put load 

H"" " 0,,,, .. ,, 
, D. >T'" I AItEA 0" I !!UN GA'N 0" 

OUANTITV TI!:W" . DUr ,. , .. 
'''" DP 

• • . ·co 

e'm SOlA:." , , 
• ,.A' 5<:: S 

.... ''"'' /{--::J 
elm .. ", , , q 
elm .. " , , ""' oU'DO..sa AI. 

-::-~==m ____ -,,-.. ' ,,-,-._ ' __ -,-'--+--+--+--111-" '1 ....... ' ) S C'" ... Q_ , 6;;? 
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SO'A" 'IAN" .. ' . GA'N-WA'lS. '00' c,,"' , . 
lall ~ FT •• '.'''0.,,0 
.all 54 FT • • "I YO~ YI"O OOOotIt __ o ....... _C .... ' .... IUOfO "-----

1_'. ___ - ,--"" .. ,-"----
-=',.,,-----..: .. :::"-::"::-.. --'---..:'-----jf--I--+---Ii"""L. I··"''''''''T ........ ----------___ _ 
''', .. " '.' r-n··~-I·' .. CK--;;:7.000,.","-,""::5,""'" "'I'. Gl-::r--~,.,c:: ",,:C:-'q7r7 c,,--,-', 1..""2.;---+---I-:?,,.,....,:; I-C'lC7I~1 ... T , 

c: ..... .. .. T.",... __ _ 

.... , < • .. ", , c •• DUTDD •• A" TH.U • 

'IANS. D, ,,'''' . WA'lS • '.00' r?i./--q' 
~alr l~~:S ~ ~~ : ~ UHF :~~~;::,;. . , • rl~~~ ":::" \ CIt -S 
:'=Co"". =--, ___ -' .. .:.c, ,,-'-,-,---'-,--+--1----1---11 AD' , • AD' '. ' ( 0 / ::... ' AD' P 

fI'" .. " , , , ... ,v I",,,,,,,.. CPO ' ,.... _.. .. 
~~~--------'~--------~--'~-1---1--'--~--1Ino-
----------.".==--=-------1--f--+----lI- I .. ---· .. ··I,."' .. --~ - ""0" __ " '---' 

INTU HAL HUT I _-'!!!!!£!!!!.!!!!!!!!..!!C"'-'~ 
4 ,,.. q2~o ~I- , ____ c •• , 

"'--1 - "to,"1..1 . -'-- .......--"""'P'~ __ I .• " " ....... . ... . 

"' .. , 7 C S, '1', •• D ••• ' C ,?q q ~;{ ..,..... 
l • .,,, 'I 'ATTI, I .• ' .:-'" q. 7~ ro?C ...... I--,-::_"':-!!!!!!!!."~'~"~ .OAT , 

, . Ele. ' ~.. . • .• ' C_ .. 

Add,""''' H." G"os, 'U"" A" gUANilT 1 
=::=.;:::::..:::::::.------..:.=-SU.T---.TA--1.I---+-+-~I._. 1( ";--, " - ,., ,. , '9-'1<-
Sklrare so FT. • f- I I ... • z"c:>" O"'''IO OI H 

(:P" •• 

--~--------~~--------~SU~'T~DTA~.;---~/~r~~~Trlxl::" 

TS ,,:.~ ,><,,, ., , 
ROO. IEHIIBLE HEAT. , C:;> IhVL""'" INT .. LYO CONDITIONS .T .".IATUS 

tu .. "' .. " 1W .... l..y 
auc:;y DUe, ,,"' .. 
-",T ",,1'0 '\ • ~"OII . ,-01.. 'I, t M. " . , 
"', .... A.. (nC;;> ".' '-to • , ., , .... 

• • ROO. 'EHIIBLE HEA T. • LA,TlNT HEAr 

CPM' GII / I..·O ... NOTIS 

..... ,. , .... .",H" .... 
. Ele . 

.... " ... , HI" G .. " 

V'M' , ,~.. ..' ".~, U", •• ' 
... TDTA • .. ,.~ ... ~, " , 

ROO. LATEH' H' .. 

• ,"" Y OUCT .'AU.' LOI> , 
"',.... ... CPM , •• , •• , ,P , . ... 

_EFFECTIVE OOOMLATEH' HEA' 

, 000. TOTAL HEAT • 

"'''''t CPM , •• , •• , ,,_ 'PI ' . ... 

_T\liIIIN .. ""'_ &Ie TOTAL 9-38 
DUCT DUeT - _ • • _4,._, .. ,.LAA .... , .. ,\t_ ,.""" .. u.u '\ 

""AHO TOTAL HEAT • ,.,.,. 
All CONDITIONING LOAD ESTIMATE 'O"I!OOUC'. IV"""",,," O. eMO'" ex""", .. ",,", 
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fi Keller & Gennon 

Engineers-Architects 

PROJECT Ib - \9 C, - 09 

DATE \ \ rJ/ 2-- I , , 19~ 1 
• REV. 19. SHEET NO. -3 0 OF s-z.. SHEETS 

. 'sZ q so >T' q I h .. 
,n .. I ,.,,1:" OR ILl ... GA'''' OR 

QUA ... TITY 1'1:"''' 01"" . 
F,.CTOR 

G'm 10":0'" • 

G'm SO'" • 

G'm SO" ". 

Roo,· s." ~? "t so., · 4 (" . \ I 
SO n· ."-

TUNS. GAIN-IXCIPT WALLS I 100' 

All GlU$ SQ FT • · 

,-5>51lS eu n £Sh •• ,. ,,, I P"k load 

aTU/ HOUIt 

I ..., l', 'f, 

1 H"" " 0, ... ,,,, 
~, .. •• ,... D • 

,,0Al ·15'-..../ 

'000. '""' ~ 
~ . 

OUTDOOI A.I 

,AI, TH.U 

. ..,'U"lUS DIW'OINl 
...... CTI~ ...... CT'..,. _ ...... . " .... ,. 

, '. • 

GO' C' 

P"",,,,, .. ". · .~'!~;::T ..... CTIV. JtOOlI TOTAL. ....... ,. " ____ _ ~==~---~~~--------;--r--+---;I.~, 

c."". SO" • · fI", SO" • · "',,, .. ,,," e, •• • .... 
• 0. .0 • 

~~~----~~-----~~-;-___1r--+---;1 TOHN 

.. • 
DEHUMIDIFIED All OUANIIIY 

-------:-:-==-:-:-=------f-___1r_-t_-__f1 - 11 ____ •. 11' .... __ " - 1'''0. __ '''' " 
IN UI HAL HIA , ~_I_~==:!.'!!!!! _~,.!!!! M' •• '!. .. "" .~:!' = . . ______ c··o• 

:? ..... :.::',. ------~----1.-:-.:::o • ..:C:.:·.::·----f-___1r_-t_-__f1 1.... ", ......... . 
"" .. , •• 0 ••• • 

.... 
l,.,,, Z ( ,,'I • .,TS' S" 5G.- 9' 

, . Etc. • 

.."""" H,,' .,," • 
s ... " 

",.~ ''''01 

"'. TOHC 
so " • • ,. , 

"'. 'OHC 
5> ' 

ROO_ IEH"BlE HEAT • 
IU ....... ., IU ....... ., 
OUCT cue,. P ... .. 
-....T Il0l 1.. , . ......... . ... 0.. 'L .... .. . '. 

IN'''''' ." c •• • •• • ...... 
• ROOO IEH"BLE HEAT. 

'.'~:: ~'.. ..'c.· , ... ..... ,. 
C"' ....... 

. Eto. . 

... ,,"'., Hu' Go", 
y .... , ._.. SO· '''". ..,c •. 

... TOT.C 
"'.~ , .. ~. , 

'00. LA".' .fA· 
sup"" OUO "AUG' LO" , 

CIo'''''' ." e... • ..'C. . • .. , ... 
'HlC ,y, '00. LA".' "'" 

, ROOo TOTAL HEAT. 

YV'VYY' "" .,., 

StrIsiblt: en!" p .. It~ ... 1. t .• 

1161 ITOHN. 
I .• ' 

-, 
"I •• _O"'L'~ .,., . 

~. -
I, ..... _ / _ I SUPPLY All OUANTIfY 

I":> (....{::? \ ~ "., . • u. • 2. "'::> "l-
I .•• 2~) ~ 0"'.'00'''. 

er .... 

9' ~-

Z'\ \ 
5 ~\ 

IUULTING INT I LVO CONDITIONS AT A"AIATUS 

.0. 

• 

NOTIS 

,.,.,. 
AIR CONDITIONING LOAD [STUlATt ""IIC<IUC'O BY ..... ,,"'" 0. """.". """""'" """ 
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COMPUTATION SHEET 

~ \ vPl~ 6 So 
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~ Keller & Qannon '~0 
Engln .. ~-ArchIIOCI. 

PROJECT Ib - 19 ~ - 04 

DATE-_\_\l_~ " 19~ 
REV. 15_ SHEET NO. .3 I OF -::.~ SHEETS 

~;. ";(;:' ·7.c2 , ':??,. ':>. ,H'''1' 

,n .. I AIU:A 0111: 
QUANTITY 

$UN GAIN 0" 
TI:M~ 0',. .. . "ACTOIII 

Cta~~ 
SOLA:. H' · 

Glm $0" • · 

, 1. 
I.OCAL TI_ 
_TIM. 

, H"" " 0,,,,,;, 

..... 
D' 

"DA! ~C? 
II." -"7 C-. 

' & 

•• 

I Pur.: load 

"''' DP 

Glm $O~T_' · 
Glm $0" • · 

li<lh~1 $OH' · 
OUlD02,5 All 

::-'~------'::":'':'':'---'''''':--'---II--+--+--111 ~ :-~_.:: 1 __ /""== •• _" • . __ I_'S=!..._ c,., •• u_ • ~~",=-::o'~::--'~ 
I---"PT __ -::-:::I;_ '.O~T *:-__ _ 

SOL~ T .... NS. OAIH-WAlLS , 100f 

lall ",,1t([\J SQ "T • • 
CnI VDlTtL .... "IlOH • 

I,ll I("y/ $0'" A9 . ,f S _ •• ____ . __ c •• , .... . ___ _ 

_ -::;;I'"I _____ ~$O;:'_=' "'-:-' ·----·----II--+--+--1I~' ~':: •• H",WT ,. ... "' _____________ _ 

''', $0 H " I-~" c •• co 
Roo,s." ? C C./ $0 H ' <f c. '. (. I 

$OH' • ,AiW THWU • 
TUNS. OAIN-IXCfl"Y WALLS' 100F 

All Gins SQ FT • • 

~P"" '~"'OO~-----' .. =,~.T'--'.---~.---4--4--4--~I.~. 
c.','" $0 H' • 

fl." $OH ' • 
. 

""" .. ,,.. c •• • ... .. ~~~-----~~----------~~~----~--+---~I~ 
DIHUMIDlflED All QUANTITY 

______ ~==,..,.,=------_I---I--+_-_jl- ,I ___ ... ,_,T ... __ " _ T.D. __ "'* ... 
_.,. . _ . INTUNAL H'AT _ -7 _ /) / ....... ~I_-.!!=~.-!!!!!!! . .!!!!!,--'-' . • =~ . . _____ c •• , 
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COMPUTED BY: RJB 
CHECKED BY: BWJ 
DATE: 11-12-89 

COMPUTATION SHEET 

BUILDING 80 
BATHROOM CFM 

AND JANITOR'S CLOSET 

PROJECT: 16-199-09-1 

REV: SHEET NO. 55 OF 56 SHEETS 

Women's Bathroom 
135 ft2 x 9.5 ft. = 1,283 ft.' 

At 10 air changes/hour 
1,283 ft' x 10 air changes/hour x 1/60 = 214 cfm 

Men's Bathroom 
Same as women's: 214 cfm 

Janitor's Closet 
20 ft2 x 9-1/2 feet = 190 ftl 

At 10 air changes/hour 
190 ft' x 10 air changes/hour x 1/60 = 32 cfm 
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ALS LIFE SCIENCES CENTER 

BASIS FOR ELECTRICAL DESIGN 

Building 80, Life Sciences Second Floor Laboratories and Offices 

Building 80 is currently fed from two separate 480 volt feeders. These existing feeder 
loads and the new loads for the Life Sciences Laboratories will be combined and fed 
from one 800 amp 480 volt feeder from an existing transformer, Bank 305, located in 
the Advanced Light Source Substation A3. The two existing 500 MCM feeders from 
Bank 305 will be paralleled with a new set of 500 MCM for a total of 3-1 /c-500 MCM 
cables per phase. These feeders will supply a new 800 amp switchboard located in 
Building 80. All 480Y/277 volt panels and 208Y/120 volt stepdown transformers will 
be fed from this switchboard, along with a new Motor Control Center (MCC). The MCC 
will be connected to the hillwide Energy Monitoring and Control System (EMCS) and 
will provide centralized control and monitoring of all of Building 80's HVAC units and 
other mechanical loads. 

The existing power panels in Building 80 are fed from an outdated, 240 volt, delta, 
unbalanced power system. The Building 80 loads that required this voltage have 
been mainly removed so the existing transformer will be replaced with a 480-
208Y/120 volt transformer and the existing building power panels will be recircuited to 
accept a balanced power source. The few remaining 240 volt loads will have small 
boost transformers added to their 208 volt supply. 

Laboratory areas will share several 480-208Y 1120 volt, 30 kVA, stepdown 
transformers and associated 208Y/120 volt panels. A common 480Y/277 volt panel 
will be shared by all laboratories. The duplex outlets in the offices and other small 
rooms will be fed from a common 208Y/120 volt panel. 

Laboratory and office lighting will be 50 foot candles supplied by 277 volt fluorescent 
fixtures. Hallways, stairways and other areas will be 15-20 footcandles. 

A transfer switch with its own dedicated feeder will be fed from the existing 300 kVA 
standby generator located under the Building 37 cooling towers. This switch in turn 
will feed a standby panel which will be mainly used for egress and exit lighting and 
fumehood blowers. 

Speakers connected to the hill wide paging system and universal receptacles for the 
Integrated Communications System (ICS) will be provided in the laboratory and office 
areas. 

Manual call boxes and fire alarm bells will be installed in the laboratory and office 
areas and connected into the existing Building 80 fire alarm system. 

A freight/passenger elevator will be installed with fire recall, seismic safety valves and 
all the requirements for the handicapped. 

1/17/90 
ALS·LSC:CDR 
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Building 6, Life Sciences Laboratories and Offices 

The electrical loads for this area will be fed from a new 480Y/277 volt feeder that will 
be brought into a new 400 amp switchboard from transformer 304 located in the 
Advanced Light Source Substation A3. A 480Y/277 volt breaker panel will be 
available for lighting and special laboratory equipment. Each laboratory will have its 
own 480-208Y 1120 volt, 30 kVA transformer and 100 amp breaker panel. The offices 
will all be powered from a common 208Y/120 volt transformer and breaker panel. 

Laboratory and office lighting will be 50 foot candles supplied by 277 volt fluorescent 
fixtures. Hallways, stairways and other areas will be 15-20 footcandles. 

A standby power panel which will be mainly used for egress and exit lighting will be 
fed from the existing standby panel in the ALS motor control center. 

Speakers connected to the hillwide paging system and universal receptacles for the 
Integrated Communications System (ICS) will be provided in the second floor 
laboratory and office areas and the first floor beamline laboratories. 

Manual call boxes, fire alarm bells and door closers will be installed in the laboratory 
and office areas and connected into the existing Building 6 fire alarm system. 

The beamline laboratories located on the experimental hall floor of the ALS will each 
have a three phase 208Y/120 volt, 100 amp, column mounted power panel. 

Speakers connected to the hillwide paging system and universal receptacles for the 
Integrated Communications System (ICS) will be provided. 

1/17/90 
ALS-LSC:CDR 
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ESTIMATING SHEET 

COMPUTED BY .B. Johnson 
1 BI - I ife Scieoces 

CHECKED B'.' - . 

DATE 

REV 

ITEM I 
NO , 

1 

2 

3 

I 
I 

1 

2 
I 

3 

Decemb er 19 89 --- __ ~st _SlJmmar 'L 

- '~ - -- -'-' . 19 Bui l ding #6 & Bui ld i ng #80 

DESC RIPTION ESTI MATED 
OUANTITY 

BUILDING 6 

HVAC Equipment 

Plumbing and Process Piping 

Fire Protect ion 

Mechanical Subtotal (Building 6) 

BUILDING 80 

HVAC Equipment I 
Plumbin g and Process Pi in p g 1 

Fire Protection 

Mechanical Subtotal (Building 80) 

Mechanical Total 

~ Keller & Gannon 
E n9 i nee rs -A reh i teels 

1 PROJECT 16- 199- 09 
-- -

I 

SHEET NO ~ OF ~ SHEETS 

UNI T 
UNIT 

COST 

, 
I , , I 

TOTAL COST 

? 

~ 

9-83 

77,000 

5.500 

$234 ,500 

$184 ,000 

83 000 

5. 200 

$272 ,200 

$506 ,700 



COMPUTED BY .. B. JQh.ns9n . . 
CHECKED BY 

ESTIMATING SHEET 

lBl-Ljfe Scjences 

E!l Keller & Gannon 
Engineers-Architects 

PROJECT 16-199-09 I 

DATE 

REV 

December 1989 

. 19 . . 

. _ __ J:!lffiLEquip.me~ ___ _ 

ITEM 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Buildin #6 

DESCRIPTION ESTIMATED 
OUANTITY 

laboratory Exhaust Fan 2 

General Exhaust Fan 1 

Static Pressure Controlled VAV Box 
with Coils 12 

Supply Diffusers 24" x 24" 30 

Exhaust Grill 24" x 24" 2 

Su pply Duct 10,000 

General Exhaust Duct 1,800 

laboratory Exhaust Duct 3,425 

Duct Insulation @ .25 SF/SF 1,712 

Hot Water Piping with Insulation 350 

Chilled Water Piping with Insulation 200 

Seismic Bracing 1 

Controls 1 

Variable Frequency Drives 2 

Valves and Fittings 1 

Testing and Balancing 1 

Subtota 1 (HVAC) 

Tota 1 (Rounded) 

SHEET NO _ 2_ OF ~ SHEETS 

UNIT UNIT TOTAL COST 
COST 

EA 2,600 $ 5,200 

EA 1,420 1,420 

EA 1,350 16,200 

EA 200 6,000 

EA 65 130 

lb 3. 25 32,500 

lb 5.60 10,080 

lb 3.10 10,620 

SF 2.10 3,59 ~ 

LF 13.00 4,600 

LF 13.00 2,600 

JOB LS 5,500 

JOB LS 45,000 

EA 12,000 24,000 

JOB lS 3,500 

JOB LS 5,500 

$176,450 

$176,000 
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ESTIMATING SHEET 

COMPUTEO BY ._B. JQh= .. _. LBL-Life Sciences 
CHECKEO BY _ _ __ .__ _ .. ___ _ 

OATE _ . __ __ D_ecember 19 89 Plumbing & Process Piping 
REV 

ITEM 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

_________ .. ____ 19 ._ Building #6 

DESCRIPTION 

Laboratory Counter Sink wi Rough-In 

Emergency Shower 

Emergency Eyewash 

Laboratory Waste Lift Pump 

Treated Water Piping 4" CU 

Low Conductivity Water 4" CU 

Natural Gas Piping 2" Black Steel 

Industrial CH 1-1/2" CU 

Industrial HH 1" CU 

Domestic CW 1" CU 

Acid Haste Piping 4" PP 

Acid Neutralization System 

Vent Piping 2" PP 

100 Gallon Water Heater 

Recirculation Pump 10 GPM 

Seismic Bracing 

Testing 

Subtotal (Plumbing and Process) 

Tota I (Rounded) 

ESTIMATED 
OUANTITY 

15 

2 

4 

9 

305 

305 

153 

153 

305 

200 

200 

1 

125 

1 

1 

1 

1 

!! Keller & Gannon 
Engineers-Architects 

PROJECT 16-199-09 I 

SHEET NO. _3 _ OF _7_ SHEETS 

UNIT 

EA 

EA 

EA 

EA 

LF 

LF 

LF 

LF 

LF 

LF 

LF 

JOB 

LF 

EA 

EA 

JOB 

JOB 

UNIT 
COST 

850 

750 

350 

1,500 

35 

35 

12.80 

10.10 

7.40 

7.40 

16.50 

LS 

11.30 

750 

600 

LS 

LS 

TOTAL COST 

9-85 

$12,750 

1,500 

1,400 

13,500 

10,675 

10,675 

1,960 

1,550 

2,260 

1,480 • 

3,300 

7,500 

1,400 

750 

600 

3,000 

1,500 

$75,800 

$76,000 



ESTIMATING SHEET 

COMPUTED BY _ B. J 0 h n.5.-O n _ LBL-Life Sciences 
CHECKED BY _. . - - - -

DATE .Decembe r 19 89 ____ _ .£ir.EL £.t:Q t.es;t.i 0 n 
REV . __ ._. 19 - Buildin #6 

ITEM DESCRIPTION ESTIMATED 
NO OUANTITY 

1 Modification of Existing Sprinkler 
System @ 30% of complete system cost 6,850 

Subtotal 

Total (Rounded) 

I 

I 
I 

I 

I 

I 

~ Keller & Gannon 
Engineers-Architects 

PROJECT ]6-199-09 I 

SHEET NO. ~ OF ~ SHEETS 

UNIT UNIT TOTAL COST 
COST 

SF .80 $5,480 

$5,480 

$5,500 

9-86 



ESTIMATING SHEET 
~ Keller & Gannon 
Englneers·Architects 

COMPUTED BY __ .B. J_ohnson ... LBL-Life Sc iences PROJECT 16-199-09 I 
CHECKED BY . 
DATE 
REV ... 

ITEM 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

_ _ December 1989 HVAC E@iRment~ _ _ _ 
19 _ Building #80 SHEET NO.~ OF 2- SHEETS 

DESCRIPTION 

Rooftop Air Handling Unit with 
Filters, Roof Curb and Preheat Coils 

Laboratory Exhaust Fan 

Surgery Exhaust Fan 

Barometric Relief Dampers 

Toilet Exhaust Fan 

Static Pressure Controlled VAV Box 
with Coils 

Fan Powered VAV Box 

Supply Diffusers 24" x 24" 

Supply Registers 

Exhaust Grill 24" x 24" 

Supply Duct @ 1 lb/SF 

Laboratory Exhaust Duct @ .5 lb/SF 

Duct Insulation @ .25 SF/SF 

Hot Water Piping with Insul ation 

Chilled Water Piping with Insulation 

Seismic Bracing and Roof Support Steel 

Contro ls 

Variable Frequency Dri ves 

Valves and Fittings 

Testing and Balancing 

Subtotal (rNAC) 

Tota 1 (Rounded) 

ESTIMATED 
OUANTITY 

1 

4 

1 

5 

1 

8 

UNIT 

EA 

EA 

EA 

EA 

EA 

EA 

UNIT 
COST 

15,000 

1,500 

1,500 

800 

650 

5 I EA 
30 EA 

1,500 

1,750 

150 

100 

55 

4 

7 

4,500 

1,500 

1,378 

250 

200 

1 

1 

5 

1 

1 

EA 

EA 

lb 3.25 

1 b 5.60 

SF 2.10 

LF 13.00 

LF 13.00 

JOB LS 

JOB LS 

EA 8,000 

JOB 

JOB 

LS 

LS 

TOTAL COST 

9-87 

$ 15,000 

6,000 

' 1,500 

4,000 

650 

12,000 

8,750 

4,500 

400 

390 

14,950 

8,400 

2,890 

3,250 

2,600 

5,500 

45,000 

40,000 

2,800 

5.500 

$184,080 

$184,000 



ESTIMATING SHEET 

COMPUTED BY 
CHECKED BY 
DATE 

B. Jo hns.9n .. 
. - _ ... . ... _--

De.cember 19B9 
LBL-Life Sc iences 

__ ~.l ~mbing & Pr?cess Piping 
Building #80 REV 

ITEM 
NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

DESCRIPTION 

Laboratory Counter Sink wi Rough-In 

Water Closets wi Rough-In 

Urinal wi Rough-In 

Lavatory wi Rough-In 

Janitor's Sink wi Rough-In 

Emergency Eyewash 

Waste Lift Pump 

Treated Water Piping 4" CU 

Low Conductivity Water Piping 4" CU 

Natural Gas Piping 2" Black Steel 

Industrial CW 1-1/2" CU 

Industrial HW 1" CU 

Domestic CW 1" CU 

Acid Waste Piping 4" PP 

Acid Neutralization System 

Vent Piping 2" PP 

Seismic Bracing 

Testing 

Subtotal (Plumbing & Process Pipinc) 

Tota I (Rounded) 

ESTIMATED 
OUANTITY 

14 

5 

1 

4 

1 

5 

11 

305 

305 

152 

152 

305 

200 

200 

1 

125 

1 

1 

~ Keller & Gannon 
Engineers-Architects 

PROJECT 16-199-09 I 

SHEET NO -L OF ..J.... SHEETS 

UNIT 

EA 

EA 

UNIT 
COST 

800 

800 

800 

600 

EA 

EA 

EA 

EA 

800 I 
320 

EA 1,500 

• LF 

LF 

35 

35 I 
1 

LF I 12.80 I , 
LF 10.10 ! 
LF 7.40 

LF 7.40 

LF 16 . 50 

JOB LS 

LF 11. 30 

JOB LS 

JOB LS 

TOTAL COST 

9-88 

$11,200 , 

4,000 

800 

2,400 

800 

1,600 

16,500 

10,700 

10,700 

1,95l 

1,540 

2,260 

1,480 

3,300 

7,500 

1,410 

3,000 

1,500 

$82,640 

$83,000 



eSTIMATING SHEET 

COMPUTED BY .• B. Johnson LBL-Life Sciences 
CHECKEO BY 

~ Keller & Gannon 
Engineers-Architects 

PROJECT . 16-199-09 I 

DATE 
REV 

December'9B9 _ .. __ . _._Fj.r.~. _~rot~c.tJ o'-'n'--_ _ _ 

ITEM 
NO 

1 

'9 Building #80 

DESCRIPTION 

Modification of Existing Sprinkler 
System @ 30% of Complete System Cost 

Subtotal 

Total (Rounded) 

ESTIMATED 
OUANTITY 

6,560 

SHEET NO ~ OF ~ SHEETS 

UNIT 

SF 

UNIT 
COST 

.80 

TOTAL COST 

9-89 

$5,248 

$5,248 

$5,200 



1/16/90 
ALS-LSC:CDR 

ALS LIFE SCIENCES CENTER 

ELECTRICAL COST ESTIMATE 

9-90 



BUilDING BO SECOND FlOOR LIFE SCIENCES 

DATE: 1211189 
REVISED: 

ITEM DESCRIPTION 
No. 
1 Allowance for ICS telephone room in basement 
2 Relocate ICS closet on the second floor 
3 Relocate ICS closet on the first floor 
4 InstalllCS cable trays 
5 InstalllCS outlets in each room 
6 Install 480Y/2nV @ BOOA sw~chboard 
7 Modify 240v power panels to 20Bv 
8 Add boost transforml1rs to 240v loads fed from 208v 
9 Relocate transformer 220 on 2nd floor 
10 Relocate power panels 6A 1 A and 220A on 2nd floor 
11 New feeds to existing 480V power panels 6A & 2A 
12 Motor Control Center@ 300A 
13 MCC feeder from sw~chboard 
14 Size 1 starters w/circuit breaker 
15 local disconnect sw~ch 
16 Motor feeders 
17 Make electrical connections to mechanical loads 
18 Standby power transfer sw~ch 
19 Emergency panels 
20 Interior Bldg 80 power condu~s 
21 Transformers 480-208Y/120V @ 30KVA 
22 Transformers 480-208Y/120V@ 15KVA 
23 208Y/120V panel100A 42 ckt 
24 480Y/277V panel225A 42 ckt 
25 Recessed fluorescent light fIXtures - 2nd floor 
26 light switch, box, condu~ and wire - 2nd floor 
27 Recessed fluorescent light fixtures - 1 st floor ex-highbay 
28 light switch, box, condu~ and wire - 1 st floor ex-highbay 
29 Duplex receptacles,box,condu~ and wire 
30 Modify fire alarm system add floor water flow sw~ch 
31 Fire alarm bells and pull stations 
32 Fire alarm wiring 
33 Install public address speakers and wiring 
34 Provide EMCS wiring to mechanical equipment 
35 Elevator wiring and testing 
36 
37 
38 
39 

lIFSCICD.XlS Page 1 

ESTIMATED BY: R. BAKER 
CHECKED BY: 

EST. UNIT UNIT 
QUANT. COST 

0.5 lS 3,000 
1 lS 3,000 
1 lS 3,000 

144 IF 19.75 
12 EA 150 
1 EA 13,620 
6 EA 470 

10 EA 320 
1 lS 940 
2 EA 940 

180 IF 20 
1 EA 1,625 

100 IF 30 
7 EA 815 
7 EA 275 

50 IF 33 
7 EA 50 
1 EA 3,290 
1 . EA 400 

500 FT 20 
2 EA 1,725 
1 EA 1,350 
4 EA 1,500 
1 EA 2,425 

6400 SF 4 
6400 SF 0.56 
3200 SF 4 
3200 SF 0.56 
6400 SF 1.32 

1 lS 1,000 
12 lS 70 

6400 SF 0.20 
6400 SF 0.53 

1 lS 2.000 
1 lS 3,000 

TOTAL 
COST 

1,500 
3,000 
3,000 
2,844 
1,800 

13,62Q 
2,820 
3,200 

940 
1,880 
3,600 
1,625 
3,000 
5,705 
1,925 
1,650 

350 
3,290 
. 400 

10,000 
3,450 
1,350 
6,000 
2,425 

25,600 
3,584 

12,800 
1,792 
8,448 
1,000 

840 
1,280 
3,392 
2,000 
3,000 

Subtotal $143,110 

9-91 



BUILDING 6 SECOND FLOOR OFFICE AND LABORATORY IMPROVEMENTS 

DATE: 1211/89 
REVISED: 

ITEM DESCRIPTION 
No. 
1 Install 480Y/2nV @ 400A sw~chboard 
2 480 & 208V power panel condu~s 
3 Transformers 480·208Y/120V@ 30KVA 
4 208Y/120V panel100A 30 ci<t 
5 480YI277V panel225A 42 ci<t 
6 Make electrical connections to mechanical loads 
7 Standby power transier sw~ch 
8 208Y/120v panel100A 16 ckt standby power 
9 Recessed fluorescent light fixtures· 2nd floor 
10 Light switch, box, condu~ and wire· 2nd floor 
11 Duplex receptacles,box,condu~ and wire 
12 Allowance for ICS telephone room on the mezzanine 
13 InstalllCS cable trays 
14 Install ICS outlets in each room 
15 Modify fire alarm system add floor water flow sw~ch 
16 Fire alarm bells, pull stations and door closers 
17 Fire alarm wiring 
18 Install public address speakers and wiring 
19 Provide EMCS wiring to mechanical equipment 
20 
21 
22 
23 

ESTIMATED BY: R. BAKER 
CHECKED BY: 

EST. UNIT UNIT 
QUANT. COST 

1 EA 5,370 
500 FT 11 

5 EA 1725 
5 EA 1,500 
1 EA 2,425 · 
6 EA 50 
1 EA 3,290 
1 EA 800 

4300 SF 4 
4300 SF 0.56 
4300 SF 1.32 

1 LS 3000 
128 LF 19.75 
19 EA 150 

. 1 LS 1,000 
15 LS 70 

6400 SF 0.20 
4300 . SF 0.53 

1 LS 2,000 

TOTAL 
COST 

5,370 
5,500 
8,625 
7,500 
2,425 

300 
3,290 

800 
17,200 
2,408 
5,676 
3,000 
2,528 
2,850 
1,000 
1,050 
1,280 
2,279 
2,000 

Subtotal 75,081 

BEAM LINE LABORATORIES EXPERIMENTAL HALL FLOOR 

DATE: 1211/89 
REVISED: 

ITEM 
No. 

DESCRIPTION 

1 Relocate, supplement & recircu~ overhead lights 
2 Relocate & supplement speakers 
3 Duplex outlets, box,condu~ & wire 
4 Relocate 100 amp power panels w~hin Lab walls 
5 Install ICS outlets 

L1FSCICD.XLS Page 2 

ESTIMATED BY: R. BAKER 
CHECKED BY: 

EST. UNIT UNIT 
QUANT. COST 

2200 SF 2 
2200 SF 0.53 
2200 SF 1.32 

2 EA 800 
4 EA 150 

TOTAL 
COST 

4400 
1166 
2904 
1600 
600 

Subtotal $10,670 

9- 92 



BUILDING 6 SECOND FLOOR ELECTRICAL SITE UTILITIES 

DATE: 1211189 
REVISED: 

ITEM DESCRIPTION 
No. 

1 480YI277V feeder from SW-A3 to 2nd floor sw~chboard 
2 ICS cable pairs to 2nd floor closet 
3 Emergency power feeder to Bldg 6 2nd flr from Bldg 37 

BUILDING 80 ELECTRICAL SITE UTILITIES 

DATE: 1211 /89 
REVISED: 

ITEM DESCRIPTION 
No. 

1 Outside plant cable from ICS Node 2 to Bldg 80 
2 Change transformer # 342 from 240V to 208V 
3 Install condu~ and cable to 480V sw~chbd from ALS sub 
4 Emergency system wiring to Bldg 80 from Bldg 37 

L1FSCICD.XLS Page 3 

ESTIMATED BY: R. BAKER 
CHECKED BY: 

EST. UNIT UNIT 
QUANT. COST 

300 LF 39 
SO EA 50 

SOO LF 11 

TOTAL 
COST 

11 ,700 
2,500 
5,500 

Subtotal $19,700 

ESTIMATED BY: R. BAKER 
CHECKED BY: 

EST. UNIT UNIT 
QUANT. COST 

0.5 LS 6,200 
1 LS 5,850 

500 LF 40 
500 LF 11 

TOTAL 
COST 

3,100 
5,850 

20,000 
5,500 

Subtotal $34,4~ 

9-93 



ALS LIFE SCIENCES CENTER 

DETAILS OF ESTIMATE OF SCIENTIFIC 

EQUIPMENT UNDER SCHEDULE I 

SPECIAL FACILITIES 

(In FY 1989 $K)* 

"These costs have been escalated to FY 1990 $K in Schedule I. 

1/17/90 
ALS-LSC:CDR 

9-94 



TO : 

LUA6c ANAt..Y~/5 
~CJOJ<. 

Or. Thomas Hayes 
University of California 
8erkley Labs 
22 Donner Lab 
Berkley, CA 94720 

[NQU IRY NO: H/ A 

255 ' Well a.IIII". 1-11;""" • ., 
Mlddl.ton, WisconSin 53562 -269 7 
.ace} 8Jl ·6511 rW I: 310'280'l!521 

DATE: 
FOB: 

TERMS: 
EST. SHIP DATE: 

QUOTATION NO. 
Q801030 

Page 1 

October 24, 1988 
Middleton, WI 
1/ 4 of 1~ 10 / NET 30 
90 days ARO 

:: 181CA28IE:: 

[TEM QTY MODEL NUMBER ANO DESCRIPTION UN[T PRICE TOTAL PRICE 

2 

J 

5 

TN-8S02 High Performance [mage Analysis Packaqe 

TN-8S02/BAAC 51.500. 00 
Imaging Image processor system with 4 MByte 16 bi t Image 
memory (S12x512 maximum Image resolution,), lZ.S MHz M68020 
CPU with 1 MByte CPU memory, non-Interlaced color Imaging 
monitor, color control monitor, control console, mouse, one 
I.Z MByte floppy disk dr i ve, one 80 MByte fixed Winchester 
disk drive and 150 MByte tape streamer. Requires [PA8S, at 
least 3 MBytes CPU memory and printer (Customer must 
provide ZO Amp servIce at 100/115 VAC sites) 

TN-8SS0-210 5,000.00 
'IPA8S' image enhancement and analysis software for 
acquiSition, processing and storage of TN-8S0Z images and 
feature characterization of stored images. Requires 3 
M8ytes CPU memory 

TH-85Z0-214A 800.00 
Printer: 150 CPS HP 22ZSC parallel port Ink jet printer and 
one extra print head ( 115 VAC) 

TN-8S45-212/5Z5 2, 750.00 
Line grabber : 4 input, 512x480 resolut ion RS-170/ 330 video 
dig i tizer for use with one RGB or up to 4 monochrome 525 
line (60 Hz) video cameras ( .3 TN slot; FP-[I[ compatible ) 

TN-CI-SS063 850.00 
Photo tube and O.Sx relay lens assembly for RS-170 CCD 
video cameras (TN-CCI0-II0 or TN-CCI0-lll) 

TN-CCI0-111 3, ~50.00 
CCO integration camera body, RS-170 (5ZS line) with 
Internal thread 'C' mount, Integration controller, 
Interface cable kit, and liS VAC wall transformer (0.025 
Lux sensitivity; Mfg's Wnty). Requires TN-8S02 system wi th 
TN-d54S-21Z / 52S. TN-CCI0-IIFLI2 lens recommended for 
max imum field of view an TSM. 

TN-d555-290 2.000.00 
SAC Interface package including system software and seria l 
cable for software controlled movement of motorized X/ Y 
stag_ andlor fine 'Z' focusing steppi ng motors. Requ i res a 
TN-850Z/Bxxx, ICxxx. or S/Axx., one available serial port. 
TN_S605 Stage Automation Controller. and appropriate 
microscope motorization 

9-95 

51,500. 00 

5,000.00 

800.00 

2,7 50. 00 

850 .0U 

3,950. 00 

2.DUO. OC 



• 

zss 1 West aellrln. ",gn",.ty 
',4'ddleton. W,sc::onSln S.1S /52·2697 
,60S} 83H!51 1 :"'. 'lIO ,480 ·252 , 

QUOTATION NO. 
Q801030 

Page 2 

ITEM OTY MOOEL NUM8ER AND DESCRIPTION UNIT PRICE TOTAL PRICE 

8 1 

9 

10 

T~-8S9S-214 300.00 
Small console tabl. (29· x 29· x 30· ·.ioe ) 

TN-8S85-211 2.1l00.UO 
Installat i on of a iN-8S02 image processor ana one operator 
school credit 

TN-3S10-222 2.200.00 
2 MByte of addit ional CPU memory (1 VME slot) 

Tata 1 

OPTIONAL 

300.00 

2,000. 00 

2 ,200.00 

S71, 350. 00 

A. Object iv e ~eerture Automation 

T~-d555-221 2,000.00 
TSM automation program providing computer controlled 
extended focus imag. acquisition. For use with TN-XXXXXX 
ISM objective lens automation package or TN-XXXXXXXX SAC 
interface package (SAC option requires Oath stage and fine 
·Z· motorization) 

TN-8515-2B6 3,000.00 
TSM objective lens automation package for ultra-fine X/ Z 
objective movement. [nclud.S i nterface caDle and obJective 
automation baara (I VME slot). ~eQuires TSM- IE. TN-8502 
and TN-855S-221 

2 ,000. 00 

3,000.00 

Option A Total - Addt ' l 15,000. 00 

,$" 6 TarA<- 7~ 3Sc . 
l'4.,jM/o"/~rJ(JAoJ '- .! b fa 

- - - - - - - - - - ,'e:.r...... ;5 ~Oc;= 
?rl ces luoted are exclusive of transportation cnarges. Tracor Northern reserves the ri ght to 
cnoose tne appropriate air or truck freignt carrier for purchased items. Freight charges wil l 
~. pre-pa id and invoiCed separately unless othe~ise stated above. Items will be shipped FOB 
~lddleton. ~isconsin unless otner"ise stated aoov.. ApplicaOI. taxes will be invoiced unless 
dn exemptIon numO@r l~ prOYlded at tlm. of order and a current phy, i cal copy of the customer' s 
~ xemotlon certIficate 1~ on file at Tracor Nortne,"_ Quoted items include done yedr war rant y 
4nless ocnerwis@ $tated In their descrlptions. 

?r"es quoted are fi rm provlded your oraer is pl·aced 
.,tn,n 30 days from tne date of tnls quotation. The 
1ellvery t ime quoted 15 from receipt of your order. 
?ower re u lrement 5 MUST BE SPEC [F I EO 0'; all urchase 
o rder~ 1 r otner t nan z. 

BY: 

9-96 
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lJ/6J,ITAi. SCANNINtI 

"-,,,110 AN.4 t.. y ilt:A '­

~ 16C J:. 

ct..eqz.olJ M/(.~5CC~ 

WOIV<. :1TAiICAI 
QUOTATION NO. 

li /1Jotc1l= raeor ~U;S?'?!I* 
: : : ~ u . .. ,t .~ :st;I.O 

· .~ ,=,,;,:· : ·l :. ~' !U 
+:4. ~ ! ' ;~ . . 
"I.. ;" ... ~! . ': ; l 

TO: Or. Tom Hayes 
Lawrence Berkley Laboratory 
Univer5ity of California 
22 Donner Lab 
Berkley, CA 94720 

INQUIRY NO: N/A 

I TEM on MODEL NUMBER ANa OESCRIPTION 

DATE: 
FOB: 

TERMS: 
EST. SHIP DATE: 

EBQ801039 
Page I 

October 26, 1988 
Middleton, WI 
See PAYMENT TERMS Bela, 
180 days ARO 

: : 181CAOIFG:: 

UNIT PRICE TOTAL PRICE 

EB-ADEM.I(AB) 215,000.00 21S,000. UO 
Oiqital Scanninq Electron Micr05cope/Analrtical Workstation 

AUTOMATED DIGITAL ELECTRON MICROSCOPE (ADEM-) 
Accelerating Voltage: 0.1 - 30 kV in 100 volt increments 
Tungsten Fil~nt electron source: Resolution of 6.5 nm 
Magnification: lOx to 250,000x selectable via: 

- Continuous zoom 
- Preset steps 
- Two operator defined setting$ for instant recall of 

any magnification setting 
VacuWl Syst .. Fully Autoaated and Fall-Safe 

- Two-Stage Roughing pu.p with trap 
- 322 1/5 Oil Diffusion pump with wlter cooled baffle 
- Fully gauged showing actual vacuum readings of the 

5pecimen chamber, 5pecimen airlock, roughing line, 
and fore line 

Auto.ated Six Axis Speci .. n Stage 
- Joy5tick Control Module for manual and programmed 

positioning of the specimen stage 
- Speed of stage motion i5 coordinated automatically 

with magnification, e.g., slower movement at hi9her 
magnification 

- Each axis motorized and programmable 
- Computer tucentric manipulation using tilt. bank, 

and 5pin axes at any working distance 
- Int.rnal pOSition feedbaCk with all motors inside 

.thl vacuum chamber 
- Complete Coverage of 305 111m diameter sample 
- Ranges of mot ion : 

x • 155 ",. 
y • 270 ",. 
z· 90 /!III 
Tilt· -2 to 90 degrees 
Spin' 360 degree 
aank • -60 to -55 degrees 

9-97 
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ITEM QTY MODEL NUMBER AND DESCRIPTIDN 

Large VacuWl Chamber 
• Internal dImensions: 335 x 600 x 330 mm 
• Large Access Ooor (210 x 260 mm) 
• Internal chamber light interlOCked to 3 inch viewing 

port and chamber door 
Auto-at1c Spec1men Exchange Airlock 

• Large specimens (150 mm dia. x 50 mm) accepted via 
Ai rlock 

- Specimen stage tranfers the specimen between the 
Ai rlock and the beam automati cally 

I~ag. Collect1on and Scanning 
- SplIt screen for s imul t aneous viewing of different 

signals and/or magnifications 
• Signal mixing of up to four (4) different i npu~s 

s i mu 1 taneous I y 
- Reduced area raster 
- Programmable image persistence 
- Recursive Kalman frame averaging 
- "Beam-on-Demand" automatic beam blanking 

Secondary Electron Detector (E-T type) 
- Colin.ar with EDS Detector 
- Faraday cage bias variable from +400 to -100 volts 

En.rgy D1sp.rsiv. X-ray Spectrometer (EOS) 
- Automated motor,zed positioning 
- 30 mmZ Si(Li) crystal 
- 1~7 eV resolution 
- Take-off angle automatically calculated and utilized 

by QuantItative software 
- 40 degree take-off angle at analytical work i ng 

dIstance (24 mml 
Backscattered Electron Detector 

• Annular Solid StJte Quadrant design 
- High speed amplifier allows use at normal viewing 

scan speed 
• Atomic Number or Topographic contrast imaging 
- Automatically Retractable (motoriZed) 

Quant1tat1v. ~1croanalys1s 
Completely integrated analySIS software IS aware of 
all column conoitlons 

• ·One button" QuantIfication 
• High speed frame rate x-ray mapping 

Up to 16 different elements mapped SImultaneously 
• Eiqht di fferent spectral memories 
- Integrated Faraday CuP . beam ~rrent monitor 

QUOTA nON NO • 
E8Q801039 
Page 2 

UNIT PRICE TOTAL PRICE 
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(TEM QTY MODEL NUM8ER AND DESCRIPTION 

Cantral Processing Unit (CPU) 
State of tn. art MCS80Z0 3Z bTt processor 

° J :18ytes CPI) .nemory 
- OS-9 operating system 
- All soft~are written in ·C· language 

Hass Storage 
- 80 H8yte Fixed Wincnester Hard Disk 
- 1.2 H8yte 5 1/4" Floppy Disk 
- ISO M8yte Streaming Tape ArChival Device 

Pipeline Imlge Processor (PIP) 
- 16 bit images up to IDZ4 x IOZ4 pixels 
- dO ns ClOCk Soe&Q 

° - 8 M8ytes Oeaicated (mage Memory 
Digital (ilige Processing includes: 

- Digital Filters provide image smoothing. snarpening. 
edge enhancement. erosion. and dilation 
Z-U Fast Fourier Transformations 

- Dynamic Pan and Zoom 
- Gamma. Equal Area. (nverse. False Color and 

(nteractive brightness transforms 
- Overlay Graphics in a variety of colors 
- On-Screen measurements USing "mouse" pointing device 

Imlg. Recording and Daca Output 
- 2000 l ine resolution photographic CRT 
- 4 x 5 Polaroia output 
- Color ana Monocnrom. output from botn v,ewing 

monitors 
- Exposure settings stored in computer memory proviaes 

,nstant recJl1 for aifferent film types 
- 120 CPS Oat ~atrix ~rint.r 

Separac. Control Consol& and Electron Colu.n cabinets 
- May bt positioned up to 20 feet apart 

Spectm.n Hold.rs cJpaole of accepting seven one inch 
atam.Ctr mounts 

Tool/Spar. Parts Ktt 
Two (Z) Htgh Resolucton Full Color Monitors 
Mouse Pointing Oevic. 
Custo ... Training 
One (I) Sec of (nscruCCion Hanulls 
On. Year Wlrrancy 
Requ I r"",ants 

- 4.0 kVA. lIS 1AC or 230 VAC single phase 60 Hz 
service 

- Cooling water for aiffusion pump 
- Ory gas for vacuulI backfill 
- Compressed 9as for valve operation 
- (nscallation (EB-(NFIOOI) 

QUOTATION NO. 
EBQ801039 
Page 3 

UNIT PRICE TOTAL PRICE 
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QUOTATION NO • 
EBQBOI039 
Page 4 

ITEM QTY MOOEL NUMBER AND OESCRIPT ION UNIT PRICE TOTAL PRICE 

2 EB-EGM2001 1,000.00 1,000.00 
Lanthanum hexaboride ( LaB~) cathode gun assembly. 
Requires item number EB-YSM4001 

) EB-YSM4001 6 ,000. 00 6 ,000. 00 
20 l i ters/second ionization pump for gun chamber 

J EB-YSM3002 9,500.00 9 ,500. 00 
300 liters/second .ater-cooled turbomolecular vacuum pump 
(in l i eu of standard diffusion pump) 

EB-SOMIOOI 800.00 800. 00 
10 kg Mass Mover Stage. Prov ides complete coverage of a 
ISO mm diameter sample .hich is up to 190 mm in height . ith 
a mass of 10 kg or less. Stage motion is l imited to the X, 
Y. and Z a:ces 

; EB- xOM2002 7 ,300.00 7,300 .00 
Lightzelement energy disperSive X-ray spectrometer .ith 
)0 mm St(Li) crystal, lSI eV resolution, and 40· 
take-off angle at 28 mm .orking distance. In lieu of 
standard spectrometer 

EB-CMMI002 1,550.00 1,550.00 
Factory expansion of CPU memory to S MByte 

d EB-SWC2001 4,500.00 4,500.00 
Complex particle sizing _ith chemical characterization. 
Requi res at 1 east 5 ,~8yte of CPU memory 

-j EB-INFIOOI7 ,500.00 7, 500. UO 
System installation 

Tota l 1253 .15U. UO 

.rt"IIIJ S( CI'14 h tf'l't...... " & fc . Ie 
. -- -

P ~ Y MENT TERMS : 80~ due .itnin 30 days of sn ipment, · jlance due 
upon Ins t allat ion. ~ 260, " 00.-

Prlces quoted are exclusive of transportation Charges. Tracor Northern reserves the r19ht to 
enoose tne approprIate air or truck f rei ght carrier for purcnased i tems. Freight charges will 
~ e pre-paId and InvoiCed .. oarately unless otherwise stated aoove. Items will be sh i pped FOB 
~ 'd dleton. '41O;COnS l " unless ot hen.ise stated clbove. 
In ~xemDtlon nu~Oer IS prOY14~ at tIme of order and 
~x ~ptlon certIf icate IS on ftle at Tracer Nortnern. 
~ nless otne~lse stated in their descrIpt i ons. 
PrI ces quoted are firm prOVIded your order is placed 
.,tn,n 30 day5 from the date of this quotation. The 
del Ivery tIme quoted i s from rece ipt of your ardor. 
'o"or reOUlrements ,~UST 3E SPECIFIED on dll pu rchase 
oroer5 I r otner t nan li S 'lAC I 00 HZ. 

Agpl ic .ble t axes wIll be invo ic eo unless 
a cur~ent physlcal copy of cne customer ' s 

Quoted items lnc.l ude a one year warr ant)' 

PrOduct Spec lal i st 
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Carl Zeiss, Inc, 

October 19, 1988 

Quotation 134-180 

Jacob Bastacky 
Room 116 Donner Lab 
Laurence Barkeley Lab 
Berkeley, CA 94720 

• 

One Zeiss Drive 
Thomwooa, NY 10594 
914. 74701800 

CARL ZEISS HIGH RESOLUTION ELECTRON 
MICROSCOPE EM 10 CA/G60 

------------------------------------
Resolution: 
Magnification Range: 
Accelerating Voltage: 

Consisting of: 

O. Jnm point to point 
20 x to 20Q,000x 
20, 40, 60, 80 and ' lOO 

Microscope with control units 
Microscope column equipped with apertures 
and specimen cartridges for normal and 
long objective focal length. 
Viewing chamber with central beam stop 
and binocular viewing microscope 9x. 
Automatic camera system with a plate 
and sheet film camera. 
Automatic vacuum system with rotary pumps 
diffusion pump and absorption trap. 
Built-in large vacuum predessicator 
High voltage and prestabilizer units. 
Emergen y transformer, Digital focusing 
Focusing aid and darktield beam tilt 
Monostabla , guaranteeing reproducible 
magnification values better than 1.5~. 
Anticontamination device. 
Tools and 5 hairpin filaments 
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34 07 00-9905 

J4 07 45 
34 07 64-9903 
J4 56 45 
34 07 50 
96 00 33 
96 00 54 
96 00 59 
J4 56 56 
34 07 89 

34 07 00-9905 

Optigns; 

14 07 15 

EM 10 CA 

Carl Zeiss. Inc. 

One Zeiss Orlve 
Thornwooa. NY 10594 
914. 747. 1800 

60 Universal film holders 3 1/ 4 x 4" 
Anode in case (spare) 
Filament holder (spare) 
Light-tight case for film holders 
TI Coolwell S-74W Water recirculator 
2 Alcatal Pumps 
Ramote light control unit 
Oil Sist Filter 
~ 60 Tilt Goniometer comple~e, motorized 

operation 

EM 10 CA complete 
incl. installation, one 
week training, one year 
gUarantee and service 

DUTY FREE: S 154,200.00 
FOr'oolarding charges 2,200.00 

Total f.o.b. dest. $ 156 , 400.00 ~ 

cyrostage + Transfer system 
complete includes new t Y'"e 
stage with isolated center 
cone, Thermocouples and 
power supply with monitor, 
cyrotransfer container. $ 

_____ cr- === 

28,240.00 .. 
One of the following items is highly recommended with the use 
of the cyrotransfer: 

J4 07 15-8080 
J4-07 15-9007 
J4 07 19 

Adapter for Reichert KF80 
Adapter for Reichert FC4 
eyro Workstation 

S 820.00 
1,080 . 00 

12,050 . 00 ~.~---

_SeN'iDrAt.. /9', ,90. 
:'C~'- I/2.A~11' . "'" 3 ~/o 

Tor~'- :II 2ac, coo 
: .• c ~. 4EtS5,.l(; ...... "Of'_ "HI ° RCl ~~1 83o& WU.604 .0925 ffl«oot .9'4 .6I2.d29I 
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Carl Zeiss. Inc. 

ana Z .. ss OliVO 
Tho'""""'ld. NY 10594 
914. 747. lBOQ 

The price quoted includes installation and one year 
warranty on all non-expendable parts. Warranty period commences 
upon receipt ot instrument • 

validity: JO days 
Oelivery: 2 months, a.r . o. 

Terms ot Paywent: 
Buyer agrees to pay Jol ot the total purchase price 
at the time ot the signing ot this contract. An 
additional 40l ot the purchase price shall be paid by 
check upon receipt ot the instrument at the buyer's 
location and the balance (JOl) by check within JO 
days atter pertormance ot the instrument has been demonstrated 
by a Zeiss representative. 

Taxes: Carl Zeiss, Inc. prices do not include sales, use, 
excise or similar taxes. Theretore in addition to the 
price specitied the amount ot any present or tuture sales, 
use, exise or similar tax applied directly to 
the sale hereunder shall be paid by the purchaser. 

outy l'r_ I.po~tion 
Kon-Protit Institutions which are entitled to duty tree 
~mportation under Public Law 89-651, must tile with the 
Oepartment ot Commerce on Form DIB-JJ8-P prior to the arrival 
of the instrument in the United States. It your application 
for duty tree entry is denied, you will be tully responsible 
for payment ot the duty at the prevailing rate. 

Weight and Dimensions 
The EM 10 CA is shipped in six (6) crates. The gross weight is 
approximately 25J5 pounds (1150 kg) ot which the 
~eaviest and l~rgest single unit weight is lJJ8 pounds 
(607 kg) and measures 68" x 34" x 50". 

Transportation from your receiving area to the final I ~_ . . _ 
~nstallation site is the responsibility ot the buyer. 
Carl Zeiss, Inc . personnel will support you in supervising 
the physical move of the Zeiss Electron Microscope within 
your premises . 

Carl Zeiss, Inc. 

Dieter Kurz 
Hanager 
Electron Optics Division 
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CON ~OCAl- MIC.,2C~C<!),oa 

:fIt1b '" 

TO: Or. Thomas Hayes 
University of California 
Berkley Labs 

• 22 Oonner Lab 
Berkley, CA 94720 

INQUIRY NO: NIA 

255 I Welt a.lllln. H'9""'." 
",,12<11"0". W'ICon,u, 53562 · 2697 
\&011831 -6511 rw. : ')10· 280·252 1 

DATE : 
FOB: 

TERMS: 
EST. SHIP DATE: 

QUOTATION NO • 
QSOI031 
Page 

October 24, 19S5 
Middleton, WI 
1/4 of I~ 10 1 NET 30 
90 days ARO 

:: ISICA2ICE:: 

ITEM QTY HODEL NUMBER _NO DESCRIPTION UNIT PRICE TOTAL PRICE 

2 

J 

; 

, 

Confocal Tandem Scanning Reflected Light Microscope (TSM) 

TN-CI-SSOOI 27,000.00 
TSM"-IE Confocal Tandom Scanning Reflected Light Microscope. 
Stand with ultra-fine X/Z electronically controlled 
oojective movement, controller for scanning disk and 
electronic objective movement (includes interface port for 
computer control), 160 mm tube length (uses standard 
objectives), single objective hol'der (.SOO-36 RMS thread), 
epi-illumination assemoly with adjustable field and 
brightness apertures and three filter slots, three filter 
holders for 25mm filters, coaxial coarse"fine focus 
adjustment (40mm travel), 25cm x l3cm optical bench base 
with protective bas. cover, microscope dust cover, 
operator's manual, TN domestic field installation, and 
accessory kit including 50x oil objective lens, Sx 
alignment lens, microscope slide support block, alignment 
tools, and calibration slide 

TN-CI-8S00l 6,200.00 
General purpose scann,ng disk (includes cartridge) 

TN-C l-oS004 4,000.00 
Trinocular viewing assemOly including binocular observat ion 
tubes with ~djustable inter-pup i llary distance, two lOx 
widefield eyepieces, ,ertical camera port less relay lens 
assembly, selectaDle 100\ v,sual or 100~ pnoto 

TB-CI-daOOS 5S0.00 
Stage carrier bracket for reflocted/transmitted light 
(accepts condenser carrier for transmitted light option) 

TB-CI-aaOI3 • d,OOO.OO 
Rectangular stepping motor driven stage witn 4".4" travel, 
glass stage plate, oDJect holder (2.5 micron/step precision) 

T~-CI-daOI6 l,dOO.OO 
Stepp,ng motor drive for fine "Z" focusing mechanism 
,ncluding mounting hardware and caoles for intorface to 
stage automation controller (0.5 micron/step precision) 

T~-CI-8aOI7 6,500.00 
Stage automation controller (TN-860S) for joystiCk control 
of X, Y, and/or Z stepp,ng motors included in TB-CI-8S012, 
TB-CI-8S013 or TN-CI-d8016 (can be automated witn TN-8S00 
series image analyzer) 

9-104 

27,000.00 

6,200.0C 

4,000.OC 

580.00 

8,000.00 

I ,dOO .OC 

6,500.0C 



• 

[TEM QTY MODEL NUM8ER AND DESCRIPTION 

Xenon/Mereur~ EPI Illuminatjon 

8 IS-Cl-S8024 
Power supply for IS to 200W xenon 
0.5~ regulation (115/220V) 

9 IS-CI-88030 
Lamphouse, mounting adapter, bulb 
for IS0W Xenon or 200W mercury 

10 ?S-Cl-SS033 
200W mercury bulb 

II IS-C 1-88032 
150W xenon bulb 

~ 551 We" 8.1111". f"411~""'.'t' 
·,1'dClelon. 'N'SeOn'll'l 53552 ·2597 
,OOSI all ·651 1 r .... 1'0':80-25 2 1 

or mercury bulbs with 

socket and collector lens 

QUOTATION NO. 
Q801031 

Page 2 

UNIT PRICE TOTAL PRICE 

1.670.00 1,670 .00 

2,625.00 2 ,625 .00 

360.00 360.00 

335.0U 335.00 

Total SSg ,UIO .OU 

NOTE: Customer is responsible for providing appropriate 25mm 
fl1ters. 

NOTE: Custoner is responsible for providing appropriate 
objective lenses. • 

OPTIONAL 

~. lransmltted Liqht [Ilumination 

~.I TN-CI-S8034 
Substage illuminator assembly including adjustable field 
aperture, two filter holders, and protective base cover 

~.Z IS-CI-88018 
100W power supply (110/115 VAC) for tungsten halogen 

A.3 IS-CI-88128 • 
Lamphouse 

~.~ IS-CI-88021 
Collector lens for tungsten halogen source 

~.5 IS-CI-88022 
Lampsocket for 100W tungsten halogen bulb 

A.6 TS-CI-88023 
100W tungsten halogen bulb 

A.I IS-CI-d803S 
Condenser carrier (fits TS-Cl-d8008 stage carrier braCket) 

Z ,250.00 2,2S0 . \J0 

395.00 395.00 

610.00 610 .00 

220.00 22U .OO 

250.0U 2SU .OO 

20.00 20 .UO 

~OO.OO 4UO.00 
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ITEM QTY 

A.S 

MOOEL NUMBER ANO OESCRIPTION 

TS-CI-88037 

255' We" a.Uh"_ ""1M .... v 
,',Mdl.ton. 'N,sconsu' 53562'::Qi1 
, 6081831 ·651 T r .... ~ I O ·2aO ·.! 52 ' 

Achromat ,ondenser .ith s.ing-out top-lens and graduated 
aperture diapnragm; ,~.A. O.~, l.Smm '.0 

QUOTATION NO • 
QS01031 

Page 3 

UNIT PRICE TOTAL PRICE 

485.00 . 485.00 

Option A Total $4,630. UO 

S. 35mm Format Camera Dation 

8.1 

B.2 

a.3 

3 •• 

B.S 

rS-Cl-SS071 
35mm format, auto exposure via photomultiplier, spot and 
ar~a metering t auto winding. viewf i nder, 2. Sx prOj ection 
lens (UFX-III 

TS-CI-aSl,6 
Auto advance 3Smm camera back (use an UFX-II) 

ra-c I-SS0S3 
Aoapter far Juto' advance 35mm camera back (use on UFX- I I) 

iN-CI-88087 
Photo tube and relay lens assembly for Nlkon FX series 
photomicrographic systems (requires photo tube adapter) 

rN-CI-88088 
Photo tube adapter for ~Ikon FX series photomicrographi~ 
systems 

Option 8 Total 

d,015.00 

855.00 

165.00 

8~0.00 

195.00 

S,OI S.00 

85 5. 00 

165 .00 

S50.00 

195.00 

HO ,JSO .OO 

t:. PolctrOld Format Cam :ra OotlO" 

C .1 

C.2 

~ a-Cl-d807, 
.-,S· polaro'd format, Juto exposure via photomultiplier. 
spot and ared metering, viewfinder, 2.Sx projection lens 
(UFX- I I) 

rS-CI-88082 
.".5· Polaroid film holder (type 52, 53, S5 and S~ films) 

Option C Total 

~OTE : Opt,on C.l requ,res IS-CI-88087 relay lens / aoapter 

d ,2 35. 00 8 ,235 ,UG 

3~0.OO HO.uO 

58,S/S.OC 

called out 'n Opt,on S ••• 
Su~ , CT4L 32355 

lU/J ,!t:IJ/iI(Icu "- 3 6 ". S 
1J d ;;., 0 ::J 0 
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rTEM QTY HODEL NUM8ER AND DESCRIPTION 

2551 W, .. aellMe )oI";n ..... y 
Mu:SClleiOft. WI,conlln 53582·2891 
;6011) 831·8511 r ... . 9'O·~ao·252' 

QUOTATION NO • 
Q801031 
Page 4 

UNIT PRICE TOTAL PRICE 

Prices quoted are exclusive 01 transportation charges. Tracor Northern reserves the right to 
choose the appropriate air or trucx freight carrier for purchased items. Freight charges will 
be pre-paid and invoiCed separately unless otherwise stated above. Items will be shipped FOB 
Middleton, Wisconsin unless otherwise stated above. ApplicaDle taxes will be invoiced unless 
an exemption number is provided at time of order and a current physical copy of the customer's 
exemption certificate is on file at Tracor Northern. Quoted items include a one year warranty 
unless otherwise stated in their descriptions. 

Prices quoted are firm provided your order is placed 
withln 30 days from the date of this quotation. The 
delivery time quoted is from receipt of your order. 
Power requirements ~UST BE SPECIFIED on all urchase 
or ers I at er t an z. 

BY: 

Speci.a list 
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ALS LIFE SCIENCES CENTER 

DETAILS OF ESTIMATE OF SCIENTIFIC 

EQUIPMENT UNDER SCHEDULE" 

STANDARD EQUIPMENT 

(In FY 1989 $K)* 

-These costs have been escalated to FY 1990 $K in Schedule II 

1/17/90 
ALS·LSC:CDR 
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Biochemistry 

ALS LIFE SCIENCES CENTER 

Standard Equipment Detail for Schedule" 
(In FY 1989 $K) 

Preparative Ultracentrifuge (2) 

Tabletop Centrifuge (1) 

Refrigerated Centrifuge (4) 

Microfuge (2) 

Scanning Spectrophotometer (2) 

Scanning Spectrophotometer (2) 

Scanning Spectrophotometer (3) 

Balances (Various) 

Top Load Sartorius (6) 

Catur Millibal (1) 

Sartorius, Micro (1) 

Sartorius, Analytic (5) 

Assorted Ether 

Remote Platform 

Platform Scale 

Accessories 

Tables (4) 

Isotope Bench Top Liquid Scintillation Counter 

Isotope Gamma Counter System 

Separation Equipment 

Fraction Collectors (6) 

Chromatography Refrigerator 

Automatic Dilutors (4) 

Densitometer 

Electrophoresis Accessories 

16 

3 

9 

20 

3 

2 

1 

1 

4 

19 

5 

12 

32 

5 

Hi Press Liquid Chromatography (2) 

Electrophoresis (2) 

127 

2/12/91 
ALS·LSC:CDR 

14 

111 

27 

101 

4 

61 

84 

38 

59 

24 

17 

214 

1,034* 
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General Laboratory Equipment 

Water Purification Systems (7) 

Carts (12) 

Waterbaths and Circulating Waterbaths (16) 

Lyophilizer (3) 

Freezers (6) 

Sonication Equipment (2) 

Mixers, Various 

Regular Refrigerators (6) 

Special Refrigerators (2) 

Ovens (4) 

PH, Ion and Voltmeters (12) 

Pumps, Various 

Safety Equipment 

Shakers, Various 

Homogenizers (3) 

Elemental Chemical Analysis 

Flame Photometer 

Chloride Titrator 

Atomic Absorption Photometer 

Assorted Lab Glassware, Chemicals, 
Plasticware, Pipettes, etc. 

Microscopy 

Darkroom Equipment (2) 

General Laboratory Equipment 

Low Temperature Preparative Facility 

Assorted Glassware, Chemicals, 
Plasticware, Darkroom Supplies and EM 
Supplies 

2/12/91 
ALS·LSC:CDR 

294 

22 

7 

43 

39 

26 

5 

9 

6 

9 

13 

25 

5 

5 

5 

9 

37 

13 

3 

21 

29 

105 

52 

53 

22 

31 

9·"0 



Cell and Tissue Culture 

Incubators (4) 

Sterilizer (1 ) 

General Laboratory Equipment 

Assorted Glassware, Plasticware, Cell 
Culture Media and Small Equipment 

Surgical Suite 

Operating Tables, Surgical Instruments and 
Special Lighting 

Operating Table 

Surgical Instruments 

Light Sources, Theater Light Fiberoptics 

Operating Microscope and Video Equipment 

Operating Microscope 

Video Camera 

General Laboratory Equipment 

Surgical Supplies (Syringes, Garments, 
Drapes, Fluids, etc.) 

General Support Equipment 

Computational Equipment 

Microvax 

Computer Workstations (24) 

Dishwasher 

Office Furniture 

Office Equipment 

*5% added to each category for delivery, handling and installation 

2/12/91 
ALS·LSC:CDR 

135 

46 

37 

52 

77 

19 

7 

5 

7 

47 

37 

10 

1 1 

381 

247 

80 

167 

85 

36 

13 
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BECI~MAN 
UCKMAN I"'STRUMI".n. INC 
~lant'or~ IM:Jstrlai ;>ark 
P.O. 'OX 10015 

.-: • ~~ 0Il0l" 
4000 CO""~I<' 

' 0 r_, .o.QOIMU ~ 

PaloAllo. Cd. 94303 
601) CummIns (800 )742- 23~5 

'0 Cenl ... (.,. X Ray OO'":S 
Lawerenat 8 .... eley Laaor.,ory 
6erkolev. Cd. 94720 

.rT,"fIOM' Dr. SlIYen AotnmlJ1 
."" •• .,.....:."" 4.!16~4029.4463 

"f" l -:I f'" 

, i 
, I 

2 
3 
4 

MOO 5- OM PR ARATIV U TRAC N 
TYPE 70.1 T1 FIXED ANGLE ROTOR 
QUICK-SEAl TU8E ll1 FOR TYPE 70. 1 TI 
TYPE 45 TI fiXED ANGLE ROTOR 
QUICK-SEAL TU8E lIT FOR TYPE ~s Ti 

52. 115.80 5 
6 
7 
~ 
1 

10 
I I 
12 
13 

344200 
3~21M 
348179 
339160 
3~8175 
331336 
342204 
346457 
3-19490 
346134 
!~4301 
!0469~<4 

3392~7 
3~6963 
336380 
3.9702 
3~9830 
33550. 
355806 
349849 
342352 
343636 
523000 
~23400 
523"6 
523422 
523'09 
523425 
5n~29 
596077 
In64<J, 
S2!~Oa 

523'04 
523751 

SW '1 T1 SWINGING BUCKET ROTOR PACKA8E 
SW 25 SWIHGIN8 SUClET ROTOR PACJ:A8E ''''O.S" .I.. 

14 I 
IS I 
16 I 
17 I 
15 ~ 
19 4 
20 4 
21 

? ' 25 I ,6 : ,7 . 
:~ , 
:' I 
!O I 

!, I 
~:! I 

!3 1 
~~ . 
!S I 

, ~6 : 
' ;7 

\ 

523417 'I 53<110 
;971 n 

Tl-IOO TAQLETOP ULTRAC£NTRlfU6£ 
TLA-I 00.3 FIXED ANGLE ROTOR PACKAGE 
TLS-55 SWINGIN8 BUCKH ROTOR PACKAGE 

MF RM R F T 
JA-15 flX£D ANGLE ROTOR 
JA-14 FIXED AH8LE ROTOR 
JS-13. I SWI"8IHe 5UCX[T ROTOR 
J:s-7.5 SWIH8IH8 8UClET ROTOR 
SPR TADlfTOP R£fRIGrBATrO cmRlrU8r 
811-3. 7 HORIZONTAl. ROTQR 
AOAPHR fOR IS 1111 TUDES (SS4I(A) 
AOAPTER FOR 501111 TUIU (SS41(Al 
ADAPTER [OR 250 1111 CONICAl. DOTTon TUDU (9.601(Al 
MICRorUOE II } ".",, 
TYPE 13.ZfIXEDAHeLE ROTOR <'t. ~~~,.~ 
o -7 V VI "NIN TR PH T 
HIGN-SPHO PRINTER/PLOTTER 
liNETlcs/eEl SCAN AUTa-6 TRANSPORT 
PEl TIER CONTROlLER 
AUTO-6 PEl TIER CEll HOlDER 
TUI£ 8El HOlDER 
fiLM eEl HOLDER 
SEl SLITS 
en CUVETTE 
SIPP£R ACCESSORY 
P£UIER ~£All\t.T(I) now CF.ll 
rUDilM CIT fOR HtAT£D rum cnt 
BATCH SAMPlER 
DATA CAPTUR£ sorrWARf 
DATA TRANSPOR r ER 'N l o.eLE . In f. 

• '::at1l:r.:,;ed -

0'" Aoril 19. 1988 

OUOTArlON NO SfR-0239 

Iil\.I"S' lit",. 1'0 " I'IIS OUOT('IIO 

IN I<1JfU'" CO".IS~HOINCI 

... .-1 ICI 
LIST 

PRICE 
35.700.00 

6 .600.00 
570.00 

7. 100.00 
1.180.00 

8 .220.00 
7.1 50.00 

20 .560.00 
3.690.00 
3.570.00 

16 ,800.00 
2.350.00 
2.450.00 
~.500 . 00 
3,900.00 
•• 790.00 
1.100.00 

206.00 
206.00 
Ja.40 

1.980.00 
'55.00 

1'.500.00 
1.050.00 
2.400.00 
2.'00.00 
1.500.00 

520.00 
5~O. OO 
~35 . 00 
1 7~ 00 

1.800.00 
1.350.00 

370.00 
' .150.00 

780 00 
950.00 

.. ·'Cl 
DISCOUNTED 

PQICE 
;23 .203.00 

5 .2 14.00 
530. 10 

5,609.00 
1.097 40 
6,~93.80 
5 6 48 SQ 

18.504.00 
3 .690.00 
3 571l 00 

13, 440.00 
1.927.00 
1.360.00 
3.600.00 
3,120.00 
~,~06.80 
1.012.00 

200.88 
200.88 
~ 

1-:623.60 
373. ' Q 

I! ,3'0.00 
,392.50 

2.0 40 00 
2 .04 0 00 
1.275.00 

4 40 2.1) '1 
4 ~ ~ . ~C 
~04 ~L~ 
I ~') ~ .. 

1,S30.0U 
1. 147 S,) 

292.3C 
3.527 So; 

663.GO 
37 J 00 

\~I--~------~----------------~~~~~~~------~----~-------­.. c._ ... , ....... " . ..c 

"Os ..... ,all .cC' ... ~u.c. _, ....... 0"'" O. 11..0'" 0"" 
', .. , 1.0.:~~.. 0"'" '110M •• el'" 0' oao," 

, 0.. . ' lil~: / ') '' '.1'1:' : 

" .. t ... _, ·J, .. ... . . ~ ; ,. , ... :. -.I , ·-, ..... \ ... , .J.~ 

• .......... J" · ·f . .......... . ~, ....... , 

1_ -~-l_ C_ 

.. - ..... 09" uIllM'PI ,"'UIII'9 ' 99F'!!o!F!t8U e 
... ~- .-.. __ ..... _ ....... -- ._. -~ .. -" '. , ...... . . . _ .. _. _ ........ __ ...... _-,-- -,-..... ,-... ~ ... -........... " ... . . ,-.----.~ .-.... -_ .. - .'._-,_.- -_ ....... ... ' " . ' .. _. _ ... _----._ ... _ .. .. ......... - ", .... _ ....... __ . ... . _.- ... -_ ...... _ ..... _ ... . _--. ,.-... -.... .... ~ .•... " ... . ... . -... _ .. _ .. _._ .. _. __ . , ......... _ ..... -... .... _ .. .. -. -_ .. - .... --_ .. ---- --... - .......... , ._ .. , ---_ .. -
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BECI'<MAN 
BECKMAN lNSTAUMINTS. INC 

Stanford IndUstrial P .... 
0.0.6ox IDOlS 

.~ .oS ... 1. 0IIt0UtS 
.t.NQ CO*l'~/IIICI 

'0 '"" 1oOOIItI.. .... 
PaloAllo, ca. 94303 
6011 CUmmins (600 )742- 2345 

0'" April 19, I 988 

TO, Center for X Ray Ogtles 
Lawerence eerkel~ Labcratay 
B .... ellrf, ca. 94720 OUOTAnON NO SFR-0239 

.Il TTlNTION: 

you~ IIIIIJ1'lJIIlNCI NO . 

Or. St8Yel'l Rotllman 
486- 4029,4463 

Pl1A31 AE'l1l1 TO THIS OUOTE NO 

IN ~UTVAe. CORRESPONDENCE 

38 
39 

51 
52 
53 
54 
55 
56 

I 
I 
I 

314173 
123000 
39835 

598976 

l'l.O~" , 10; 

...D-
";>(,110.'2.'5 

1.050,00 
1.600,00 

465,00 
670,00 
670,00 
730,00 
750,00 

23.500.00 
1.500,00 

750,00 
17.200,00 

~'i7ij-RAoiliii'!iOTi:n.E 48.970,00 
K ftPLC D£lECTOR - UIII'lI'1A,IOO' .... " •• DI 3.750,00 
RD 171 RADIOISOTOPE HPLC DEHCTOR - BETA 12.500,00 
6EHELIHE" TAfE £LECTRQp!fORf3IS SYSTEM ""m 6.350,00 
MOpn pHI .. 7J pH "£lEB 1.650,00 
pH HECTRODE. EPOXY BODY. TEST TUBE Silt 105,00 
pH HECTRODE CABLE 24,50 

I, Priced per EISA Conlroct numbers 8S-00f -93456 and 
8S-00f -93783 and Hallonal AI:aIunt number Sfl~-I~O:;21 

2, Prices good through Juna 23, 1988 

IICU'UI ,,,,UUIIIIC.,.. ,OIl(: 

6,992.00 
892.50 

1.360.00 
395.25 
569.50 
569.50 
620.50 
637 SO 

20.680.00 
1.320.00 

660.00 
IS 824.00 
45.542.20 

3.450.00 
11.500,00 
6,350,00 
1.303,50 

82,95 
19,36 

..-OPOOI&l. '011 .CCI~T"NC' WITMIN to OAfS 0' ... ov, 0"," 

SHI",'NT: ~.Q.-~.r:I. 0",'1'l1li0" IIfCIII'T 0' 01110111 
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ALS LIFE SCIENCES CENTER 

Standard Equipment Detail for Schedule II 
(In FY 1990 $K) 

Computation Equipment 

12 Scientist Workstations 
6 Visitor Workstations 
6 Clerical Workstations 

24 Total 7.15K per station 172 

2 Microvax or equivalent (Center 
Computer Network plus Data 
Reduction and Storage) 

Subtotal 

Equipment for Glasswashing and Handling 

Washer/Dryer 
Distiller 
Autoclave 
Glassware and Racks 

Subtotal 

Office Furniture and Equipment 

19 FTE's plus 6 Visitors 
25 Workstations 

Standard Desk (1.469) 
Table 
Chairs 
File Cabinet (5 drawer) 
Bookcases 
Chalkboard 
Tackboard 
Standard Coat Rack 

Xerox Machine 
Fax Machine 

Subtotal 

Total General Support Equipment 

2/25/91 
ALS·LSC:CDR 

(1 ) 
(1 ) 
(2) 
(2) 
(2) 
(1 ) 
(1 ) 
(1 ) 

25 at 1.5K 

41 Keach 82 

17.4 
15.0 
40.0 
15.6 

0.36 
0.174 
0.276 
0.36 
0.144 
0.075 
0.03 
0.05 

37.5 

10.0 
3.0 

254 

88 

392 
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APPENDIX B 

proiect Cost Estimate petails 

The cost estimate for the Ufe Sciences Center was developed in FY1990 dollars, and then 

escalated to obtain the total estimated cost (TEC). The total cost for the project is $25.05M 

in FY1990 dollars; in actual year (escalated) dollars for a three year project schedule 

(FY1993-FY1995) the Total Estimated Cost is $30.70M. The FY1990 cost estimate detail 

information is presented in this Appendix. These cost estimate details are organized into a 

Work Breakdown Structure (WBS) format that presents a complete compilation of all the 

work elements in the construction project. 

The detailed WBS was developed to insure that all elements of the Ufe Sciences Center 

project were evaluated for the deSign, and then appropriately included in the cost estimate. 

It defines the scope of the project in terms of the work to be done, and provides a structure 

for collecting costs in an organized fashion. WBS Level 1, the item with a one-digit code, is 

the entire project. Level 2 breaks the project down into the major categories of Project 

Management and Administration (1 .1), Special Research Facilities (1.2), Conventional 

Facilities (1 .3), and Contingencies (1.4). Lower levels of the WBS subdivide the project 

into ever smaller detail. For example, at Level 3, the special research facilities are 

subdivided into engineering, design, and inspection (EDI, 1.2.1). Wiggler Facility (1 .2.3). 

and Undulator Facility (1 .2.3) . The WBS and costs, summarized to level 4, are shown in 

Table B.1, page B-S. The lowest level WBS elements, as well as the summary cost entries, 

are shown in the "Cost Estimate Report, Summary by WBS Rollup Levels", Table B.2 pages 

B-6 through B-14. The "Cost Estimate Detail Usting" data is included in Table B.3, pages 

B-15 through B-42, and includes the detail cost entry data sheet for each of the lowest WBS 

levels of the project. The contingency analysis summary is presented in Table B.4, pages 

B-43 through B-44. 

The cost estimate includes all construction costs to be incurred after project approval. 

Project scope Includes the special research facilities, conventional facilities, EDI, project 

management and administration, and contingencies. The estimate does not include R&D 

activities, preoperational and/or operating costs for any of the equipment or facilities. A 

project schedule was developed that assumes there will be accompanying research program 

funds to allow for research and development costs, as well as equipment testing, 

commissioning, and operation activity. 

8-1 
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Basis for the Cost Estimate 
Special Research Facilities: Many of the wiggler and undulator facility cost estimate 

details were derived directly from the latest cost estimate developed and reviewed in 

November 1989 for the Advanced Light Source (ALS)_ All of this material was recently 

developed and assembled (October 1989) by the ALS staff for their DOE Project review in 

November 1989_ The appropriate WBS elements and cost data for specific insertion devices 

and beam line portions of the Life Sciences Center were extracted directly from this ALS data 

base, and are included here as the current representation of the estimated cost of such 

devices. This ALS data base, then, forms the basis for the current Life Sciences Center 

estimate for the Wiggler and Undulator insertion devices, their beamline 'front ends', and 

their respective branchlines and monochromator systems. 

The general philosophy of this estimate is the same as that used in the ALS costing : current 

cost estimates are based on optical systems that have actually been fully designed. This 

means that the size, shape, radii of curvature, construction materials, and fabrication 

tolerances for all optical components were fixed as was the floor layout including the 

positions of all components. The original ALS cost estimates were developed with this design 

detail definition and are appropriate to use as the basis for comparable Life Sciences Center 

element costs_ 

The same philosophy was followed for the experimental stations, so that from an optical 

point of view, the systems were fully defined and scoped. The experimental stations are 

defined to be the parts downstream of the monochromator exit slit for the undulator line, and 

the parts downstream of the mirror that delivers light to the sample in the case of the 

wiggler beamlines. The costs of these experimental stations were obtained, partly from 

direct experience in cases where individuals in the group had direct relevant and recent 

information, and partly from others in the community who had current and relevant direct 

cost information to offer. Several members of the LBL Center for X-Ray Optics were 

particularly knowledgeable about the computing and hard x-ray optical systems. 

Conventional Facilities: For the conventional facilities improvements at Buildings 6 

and 80, the estimate was prepared by LBL's professional estimator, Derek Daniels, based on 

quantity take-ofts from conceptual design drawings and specifications developed by the LBL 

Plant Engineering Department assisted by consulting engineers and architects. The 

mechanical systems (e.g. HVAC, plumbing and process piping, and fire protection) elements 

of the estimate for Buildings 6 and 80 were furnished by Keller & Gannon Engineering­

Architect Firm. Conventional Construction costs are dated December 1989 and represent 

FY1990 current costs. The conventional facilities data is included in the WBS and cost 

estimate data base in these Appendix B tables, but is described and presented in considerably 

more detail in Appendix A. 
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Cost estimates for the scientific equipment associated with the conventional construction are 

shown In Appendix A Section 9_ Those items listed in Schedule-I (WBS 1_3_2_5, 'Special 

Facilities') were based on vendor quotations received in October 1988 and have been 

escalated to reflect current prices in FY1990 dollars; those items included in Schedule-II 

(WBS 1_3_3, 'Standard Equipment') were estimated based on discounted catalog data which is 

included in Appendix A_ A more detailed breakdown of the Standard Equipment summarized 

in Schedule-II is also included in Section 9 of that appendix_ 

EDI: The portions of the overall cost estimate required for Engineering, Design, and 

Inspection (EDI) activities were developed in both the conventional construction and special 

research facilities categories_ The conventional facilities EDI includes both the cost of the 

Architecht/Engineer (AE) scope of work and the LBL Plant Engineering activities_ These 

cost details are again discussed in Appendix A_ The EDI for the special research facilities 

was estimated in a manner consistent with the original ALS detail cost estimate procedures_ 

Contingency: A contingency cost is included in the estimate to reflect the technical and 

cost uncertainties associated with each of the individual systems_ These contingencies 

reflect past experiences on similar systems_ The Contingency Analysis summary is shown 

in Table B.4. The contingency is grouped into two main categories: 1.4.1 - Special 

Research Facilities and Project Management/Administration (3,830K$), and 1.4.2 -

Conventional Facilities (l ,079K$) . 

The 'Special Research Facilities' contingency was developed by examining work category 

levels as low as WBS levelS. The data for "% Contingency" and "K$ Contingency" at these 

levels is indicated on Table B.4. The individual per centage estimates ranged from 20% to 

30% depending on the state of the design and the estimated overall uncertainty of the cost 

estimate. For those elements that were developed directly from the ALS cost data base, the 

same contingency per centage is used as in the ALS estimate. (e.g. Wiggler and Undulator, 

Beamline frontends, and EDI ; 2S%). For the elements that include ALS type 

monochromators, (e.g. Crystallography branchline and Spectroscopy branch line etc.) the 

contingency is also estimated at 25%. The end station elements that are defined to be the 

special experimental equipment parts downstream of the monochromator exit slit for the 

undulator line, and the parts downstre .1 of the mirror thiil delivers light to the sample in 

the case of the wiggler beamlines have a contingency of 30%. The WBS category for Project 

Management and Administration carries a contingency of 20%_ The resulting 'overall 

effective contingency' for the special research facilities is approximately 26%. 
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The 'Conventional Facilities' contingency ranges from 15 to 25%, as indicated in Table 9.4. 

For the EDI categories, the contingencies are 15% and 18% for L9L and NE 'EDI' 

respectively, and for consultants and inspection categories the estimated contingency is 

25%, The Building 6 and Building 80 costs carry an overall contingency per centage of 

25% with the special facilities having 20% and the standard equipment having 15%. The 

resulting 'overall effective contingency' for the conventional facilities is 20%. 

The total project contingency of 4,909K$ represents an 'overall effective contingency' of 

24.3% for all project construction costs. 



Table B.l 
Cosl Estimate Summary 

1.. Life Sciences Center 

1.1. Project Management & Admin istration 

1.2. Special Research Facilities 

1.2.1 Engineering, Design, & Inspection 

1.2.1.1 
1.2.1 .2 

1.2.2 

1.2.2.1 
1.2.2.2 
1.2.2.3 
1.2.2.4. 

1.2.3 

1.2.3.1 
1.2.3.2 
1.2.3.3 

EDI, Wiggler Facility 
EDI, Undulator Facility 

Wiggler Facility 

Wiggler 
Wiggler Beamline Frontend 
Diffraction Fac ility 
Spectroscopy/Microprobe Facil ity 

Undu'lator Facili ty 

Undulator 
Undulator Beamline Frontend 
Soft X·ray Imaging Facility 

1.3. Conventional Facilit ies 

1.3.1 Engineering, Design, & Inspection 

1,3.2 Construction 
1.3.2.1 
1.3.2.2 
1.3.2.3 
1.3.2.4 
1.3.2.5 

1.3.3 
1.3.3.1 
1.3.3.2 
1.3.3.3 
1.3.3.4 
1.3.3.5 

Improvements to Land 
Building 80 Improvements 
Building 6 Improvements 
Site Utilities 
Special F aci lities 

Standard Equipment 
Biochemistry 
Microscopy 
Cell and Tissue Culture 
Surgical Suite 
General Support Equipment 

1.4. Contingency 

1.4.1 Special Research Facilit ies & Proj Mgt 
1.4.2 Conventional Facil ities 

liIe: ·LSC(fy91) Table 8·1 page 1 

All costs shown in FY1990 K$ 

2,175 
1,564 

1,102 
597 

1,767 
2,069 

1,047 
514 

2,517 

12 
1,170 

766 
84 

1,043 

1,067 
109 
139 
80 

392 

3 ,739 

5 ,536 

4,077 

506 

3 ,075 

1,787 

3 ,83.0 
1,079 

25 ,050 

1,422 

13 ,352 

5,368 

4,909 

4:53 PM 1/22/91 
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\.Iork 8reakdown 
Structure' 

.. . 

.. .. 
1.1 
1.2 

.. . .. 
1.2.' 

•• • ••• 
1.2 . 1.1 

.. . .... 
1.2.1.1. 1 
1.2.1.1.2 

1.2. 1.1.3 
1.2.1.1.4 

•• • ••• 
1.2 . 1.2 

.. . ..... 
1.2.1.2.1 
1.2 . 1.2.2 
1.2 . 1.2 . 3 

•• • •• 
1.2.2 

•• • ••• 
1.2 . 2. 1 

.. . ..... 
1.2.2.1.1 

.. . ...... 
1.2.2. 1.1.1 
1.2.2.1.1.2 
1.2.2 . 1. 1.3 
1.2.2.1.1.4 
1.2.2.1 . 1.5 
1.2.2.1.1.6 
1.2.2. 1. 1. 1 
1.2.2.1.1.8 

Table 9.2 

Cost Estimate Report 
Summary of Material and labor 

by Rollup levels 

D.scription 

life Sciences Center 

project Management & Administration 
Special R.search Facilities 

Engineering and Design 

EDI, wiggl.r Facility 

EDI, Wiggler 
EDI, Wiggler 8eamline Frontend 
EDI, Diffraction Facility 
EDI, SptCtroscopy/Mircroprobe Facility 

EDI, Undulator Facility 

EDI, Undulator 
EDI, UnduLator Seamline Frontend 
EDI, Soft X-ray Imaging Facility 

Wiggl.r Facility 

wiggl.r (1,113.6) 

Magnetic Structur. 

Magnetic Material 
Model Pol. , Pol. ASSembly 
Pole Assentllies 
End Pole Assemblies 
Sacking 8._ 
Magnet Structure Assembly 
Magnetic Measurements: Mechanical 
Ma;netic Measurements: Electrical 

394 . 6 
13.2 

156. 1 
50.0 
32.1 
19. 2 

6. 3 
11.2 

601.0 
198.9 
613.9 
160.5 

465 . 1 
160.4 
931.9 

683.6 

9 · 6 

MateriaL & labor TotaL KS 

25,050.0 

',422 _0 
13,351.5 

3,738.6 

2,174.5 

1,564.1 

5,535 .5 

1,101.5 
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Work Ireakdown 
Structure' 

•• • •••• 
1.2.2 . 1.2 

•• • ••••• 
1.2 . 2.1.2.1 
1.2.2.1.2.2 
1.2.2.1.2.3 

•• • •••• 
1.2.2.1.3 

•• • ••••• 
1.2.2.1.3.1 
1.2.2.1.3.2 
1.2 .2.1.3.3 
1.2.2.1.3.4 

•• • •••• 
1.2.2.1.4 
1.2.2.1.5 

•• • ••••• 
1.2.2.1.5.1 
1.2.2.1.5.2 

.. . .... 
1.2.2 . 1.6 

•• • ••• 
1.2.2.2 

..... -
1.2.2.2.1 

•• • ••••• 
1.2.2. 2. 1.1 
1.2.2.2.1.2 
1.2 .2.2.1.3 
1.2.2.2.1.4 
1.2.2.2. 1.5 
1.2.2.2.1.6 
1.2.2 .2.1.7 
1.2.2.2. 1.8 

I. • •••• 

1.2.2.2.2 

Description 

Support & Drive Systems 

Support Syst~ Fabrication 
Drive SY1t~ Fabrication 

Cost Est imate Report 
Summary of Material and Labor 

by Rollup ·Levels 

local Ttq)erature Control Fabricat ion 

Vacl.Alft System 

VacUI.III Cherrbers 
Pumping Syst~ & Instrumentat ion 
Support Structure 
Vacuum of agnostics 

Control Sy.tM 
Magnetic Measurements 

Mignetfc Measur~nts: Mechanical 
Magnetic Measurements: Electr ica l 

InstaUation 

wIggler 8eamllne Frontend 

Frontend Mechanical Systems 

Fixed Aperture 
PIPM ., 
Front End Photon Shutter 
Fut Valve 
Personnel Safety Shut. 
Front End Vacuum System 
SpLitting Mirror SYlt~ 
Front Erd Mechlnle.l Installation 

front End Controls: Electronics/Vacuum p--

54.1 
101.9 

7.7 

65.2 
36.9 
14.2 
29.6 

22.6 
34.5 

12.4 
47.6 
41.6 
22.3 
28.4 
55 .4 

166.6 
33.4 

163.9 

146 .0 

25 .6 
57.2 

25.0 

408.0 

116.1 

8·7 

"ater ia l & labor Total KS 

597.3 
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work 'rllkc;b.n 
Structure' 

" •••••• 
1.2 . 2. 2.2. 1 
1.2.2.2.2 .2 
1. 2. 2.2.2. ] 
1. 2.2.2 .2 .4 
1.2 .2.2.2.5 
1. 2.2. 2.2.6 

.. ••••• 
1.d.2. ] 
1.2 .2 .2 .4 
1. 2.2.2 .5 

.. • ••• 
1. 2. 2.] 

.. • •••• 
1. 2.2 .].1 

.. • ••••• 
1.2 . 2.] .1.1 

.. • •••••• 
1.2 .2. ] . 1.1. 1 
1.2 . 2. 3.1. 1.2 
1.2 .2. ] . 1. 1.] 
1.2.2 . ] . 1. 1.4 
1.2 .2.] . 1. 1.5 
1.2 . 2. ] . 1. 1.6 
1. 2.2.3.1.1.7 

.. •••••• 
1. 2.2.]. 1. 2 

.. ••••••• 
1. 2.2.]. 1. 2.1 
1. 2.2 .] . 1. 2.2 
1. 2.2 .]. 1. 2.3 

.. •••••• 
1.2 . 2. ] . 1.3 
1. 2.2. ] . 1.4 
1.2. 2. ] . 1.5 

Cos t E;. timate Report 

Summar y of Hateria l and l abor 
by Ro l lup Leve ls 

Description 

f ixed Aperture Cont rol s 
P8PM .1 Controls 
Photon Shutter controls 
f •• t V.lvI Control s 
Personnel Sa fety Shutter Controls 
Vecuu. Syst~ Control s 

front End Safety Systems 
Front end Uti li ti es 
Front End Meeh/ Elec t Sys tem Integration 

Di ffraction Facil it y 

Crystallography Branchlin. 

Branch Line M~h.n f c:. 1 Sys tems 

"IV Bea. Oe f ining Apertures 85.6 
Verticil Da f lect ion "irrors 250 .4 
MonochrOflll tor 365.0 
Be .. Line Di agnostics 39 .8 
Branch Lint Vacuun Sys tem 67.7 
Branch Line Mechan ical Installa t ion 28.2 
Defin ing Slit. 90. 0 

Branch Line Electrical Systems 

Photon Transport Controts , Diagnosti cs 119.2 
Honochrom.tor Controls 5] . 7 
8ranch Line electr ical Install at i on 15 . 1 

8ranc:h Line S.t. ty Sys tem. 
8ranc:h Lint Util i ties 
8ranc:h Line Hech/Elect Syst em 
lntegntlon 

8 ·8 

Materi, l & Labor Tot al KS 

8. 7 
35 . 5 
24 .6 
22 .2 
20 .6 
4. ] 

22. 2 
26. 4 
24 . 2 

1,767 . 4 

1, ln .O 

926.9 

188. 2 

9.8 
24 .9 
22 .0 
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lJork .r .. k~ 
Structure' 

•• • •••• 
1.2.2.3 . 2 
1.2.2.3.3 

.. . ... 
1.2 . 2.4 

•• • •••• 
1.2 . 2.4.1 

•• • ••••• 
1.2.2.4.1.1 

.. . ..... . 
1.2.2.4.1.1.1 
1.2.2.4.1.1.2 
, .2.2.4.1.1.3 

•• • ••••••• 
1. 2. 2.4.1.1.3.1 

1.2.2.4.1.1.3.2 

•• • •••••• 
1.2.2.4 . 1.1.4 
1.2 . 2.4 . 1.1.5 
1.2.2.4.1.1.6 
1.2.2.4.1.1.7 

•• • ••••• 
1.2.2.4.1.2 

•• • •••••• 
1.2.2.4.1.2.1 
1.2.2.4.1.2.2 
1.2.2 .4. 1.2 . 3 

•• • ••••• 
1. 2.2.4.1.3 
1. 2. 2.4.1.4 

1.2. 2.4.1.5 

•• • •••• 
1.2.2.4.2 
1.2.2.4.3 

Cost Estimate Report 
Summary of Material and labor 

by Rollup Levels 

cHer'pelon 

Cryttillography Station 

s..ll Angle Scattering ~t.t;on 

Spectro.copy/MicroprObe Facility 

Spectroscopy/Microprobe 8ranch line 

Branch line Mechan ical Systems 

"IV Be .. Defining Apertures 
VertiCIL Deflection Mirrors (Ml&2) 

Monochromator. 

High a..olution Ooubl. Crys tal 
MonochrOft'lltor 

Pre-Monochromator Multilayer System 

Branch Line Diagnos tics 
Branch line Vec:1.U1II Systenl 
Branch Line Mechanical Installation 
Defining Slits 

Branch Lint Electrical Systems 

Photon Trn.lport Controls' Diagnos tics 
Monochr~tor Control, 

Branch Line Electrical Instaltation 

Branch Line Safety Systems 
Branch Line utilities 

Branch Line Mech/Elect System 

Inte-gration 

Spectroscopy Stat ion 
Microprobe Stat i on 

365.0 

390.0 

85 . 6 
250.4 
755.0 

39.8 
67 . 7 
28 . 2 
90.0 

119.2 
53.7 
15 .1 

1,316.9 

188.2 

9.8 
24.9 
22.0 

453.6 
141. 7 

1,562 . 0 

239.4 
267.7 

B·9 

Mat erial & Labor Total KS 

2. 069.2 



Page No. 5 
01123/91 

work Breakdown 
Structure • 

•• • •• 
1.2.3 

•• • ••• 
1.2.3.1 

•• • •••• 
1.2.3.1.1 

•• • ••••• 
1.2.3 . 1.1 . 1 
1.2.3.1.1.2 
1.2.3. 1. 1.3 
1.2 . 3. 1. to 4 
1.2 .3. 1. 1. 5 
1.2.3.1.1.6 
1.2 .3.1.1.7 
1.2 .3.1. 1.8 

•• • •••• 
1.2.3.1.2 

•• • ••••• 
1.2.3. 1.2 . 1 
1.2 .3.1.2 .2 
1.2 .3. 1.2 . 3 

1.2.3 . 1.3 

•• • ••••• 
1.2.3.1.3 . 1 
1.2.3.1.3.2 
1.2.3.1.3.3 
1.2 .3. 1.3 .4 

•• • •••• 
1.2.3.1.4 
1.2 . 3. 1.5 

•• • ••••• 
1.2.3.1.5 . 1 
1.2.3.1.5.2 

•• • •••• 
1.2.3.1.6 

c .. crfpt fon 

\Jrd.Il,tor Fec:illty 

Undu t.tor (U3 .9) 

M.gnetlc Structur. 

M,gnet fc M.terl,l 
Model Pol. , Pol. Assembl y 
Pol. Ass_lies 
End Pol. Assembl ies 
Beeklng ae .. 
Magnet Structur. Assembly 

Cost Es timate Report 
Summary of Mater ia l and labor 

by Rollup Lev.ls 

Magnetic Measurement: Mechanical 
Magnetic Measurements : Electri cal 

Support , Driv. Systems 

Support System Fabr icat ion 
Drive System Fabricat ion 
l ocal T.mperature Cont ro l 

Vacuutl Systerl 

VeelUl Chillberl 
p~tne Sylt_ , lnatrlmtntat ion 
Support Structur. 
Vecl..Ul Ol..,-.oet ici 

Control SYltlfl 
M.;net Ic M .. surement 

M.gnet ic Me.surements : Mechanical 
M.gnetlc Me.surem.nts : Electr ical 

lnat.ltatlon 

8 · 10 

Mate rial & Labor Total KS 

4, 077 .4 

1, 046 .7 

615.8 

193 . 1 
3.9 

291 . 1 
35.7 
40.4 
33 .8 
6.3 

11 . 2 

163 .9 

54 . 1 
101 .9 

7. 7 

155 . 7 

74.9 
36.9 
14 .2 
29 .6 

25 .6 
57.2 

22 .6 
34 .5 

28 .2 
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01/23/91 

1J0ric Hrealccb.n 
Structure • 

•• • ••• 
1.2.3.2 

•• • •••• 
1.2.3.2.1 

•• • ••••• 
1.2.3.2.1.1 
1.2 .3.2.1.2 
1.2.3.2.1.3 
1.2.3.2 . 1.4 
1.2.3 .2.1.5 
1.2.3. 2. 1.6 
1.2.3.2.1.7 
1.2.3.2.1.8 

•• • •••• 
1.2.3.2 .2 

.. . ..... 
1.2.3.2.2.1 
1.2.3.2.2.2 
1.2 .3.2.2.3 
1.2.3.2.2.4 
1.2.3.2.2.5 
1.2.3.2.2.6 
1.2 .3. 2.2.7 

•• • •••• 
1.2.3.2.3 
1.2.3.2.4 
1.2.3.2.5 

.. . ... 
1.2.3.3 

•• • •••• 
1.2.3.3.1 

•• • ••••• 
1.2.3.3.1.1 

•• • •••••• 
1.2 .3.3.1.1.1 
1.2.3.3.1.1.2 
1.2.3 .3.1.1 .3 

Cost Estimate Report 
Summary of Haterial and Labor 

by Rollup levels 

DHc:rtption 

Front End Mechanical Systems 

FIxed Apertur. 
PIPM ., 

Front End Photon Shutter 
Fau Valve 
Personnel Safety Shut. 
PH,," .2 
Front End Vacuum Syst~ 
front End Mechanical Installation 

front End Controls! Electroni cs, Vacuum 
p""," 

fixed Apertur. Control s 
PB,," ., Controls 
Photon Shutter Controls 
fast Valve Controls 
Personnel Safety Shutter Controls 
PBPM .2 Controls 
Vacuum System Controls 

front End Safety Systems 
front End Utilities 
front End Mech/Elect System Integration 

Soft X-ray INGling fac H ity 

Main Branchlint 

'rlnCh Line Mechanical Systems 

Be .. Def ini ng Apertures 
MonochrClNltor 
BrlnCh Line Dla;nostfcs 

85.6 
474.Z 
39.8 

B· 11 

Haterial , labor Total KS 

513.8 

289.0 

12.4 
47.6 
41.6 
22.3 
28.4 
47.6 
55.4 
33.4 

151. 7 

8.7 
35.5 
24.6 
22.2 
20.6 
35.5 
4.3 

22.2 
26.4 
24.2 

2.516.7 

1.020.5 

696.7 
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\lork Sr •• kdown 
Structur. , 

1.2.3.3.1.1.' 
1.2.3.3.1.1.5 

•• • ••••• 
1.2.3 .3.1.2 

•• • •••••• 
1.2 .3.3. 1.2. 1 
1.2 .3 .3. 1.2. 2 
1.2.3.3.1.2 .3 

•• • ••••• 
1.2 .3.3.1.3 
1.2.3.3.1.' 
1.2.3.3.1.5 

•• • •••• 
1.2.3.3.2 
1.2.3.3.3 
1.2.3 .3.' 

•• •• 
1.3 

••• 
1.3 . 1 

•• • ••• 
1.3 . 1.1 

•• • •••• 
1.3.1.1.1 
1.3.1.1 . 2 
1.3 .1 . 1.3 

•• • ••• 
1.3.1.2 

•• • •••• 
1.3.1.2.1 
1.3 . 1.2.2 
1.3.1.2.3 

•• • •• 
1.3.2 

Cost Estimate R~rt 
Summary of Material and labor 

by Rollup leve ls 

D.lCrfptfon 

Srench Line VICIAIII System 
Srench Line Mechanie.l Installation 

Srench l ine Electr ical Systems 

Photon Transport Controls & Diagnosticss 
Monochrometor Controls 
Sranch line Electrical Insta llat ion 

Sranch Line S.fety Systems 
Srench line Utilities 
'ranch Line Mech/Eleet System 
Integration 

Main Seanning Mieroseope Station 
RID Seanning Microscope Station 
Ditfr.etion Imaging Station 

CotNentiONl fle i lities 

Engineering, Design & Inspect ion 

LSL Aetivit ies 

Eng'","rfng 
Conaul tints 
I napec: t f on 

AlE Aetivltl.s 

Title I 
TI tl. II 
Tltl. III 

ConventlONl Construction 

67. 7 
29.2 

197.9 
53.7 
1S.1 

8 - 12 

Mat erial & Labor Tot al KS 

266.8 

9.8 
24 .9 
22.0 

603.7 
493 . 5 
399.0 

5,367.7 

506.0 

214 .0 

129.0 
16.0 
69.0 

292.0 

83.0 
155 .0 
54 .0 

3,074 . 7 



Page No. 8 

01/23/91 

work .re.kdown 

Structure" 

•• • ••• 
1.3.2.1 
1.3.2 .2 

•• • •••• 
1.3.2.2.1 
1.3.2 .2. 2 
1.3.2.2.3 
1.3.2.2.5 
1.3.2. 2.6 
1.3.2.2.7 
1.3.2.2.8 
1.3.2.2 .9 
1.3.2.2.10 
1.3 .2.2.12 
1.3.2.2. 14 
1.3.2.2.15 
1.3 .2. 2.16 

•• • ••• 
1.3.2.3 

•• • •••• 
1.3.2.3.1 
1.3.2.3 .5 
1.3.2.3.6 
1.3.2.3.8 
1.3.2.3.9 
1.3.2.3.10 
1.3.2.3 . 13 
1.3.2.3 . 15 
1.3.2.3. 16 

•• • ••• 
1.3.2.4 

•• • •••• 
1.3.2.4.1 
1.3.2.4.15 
1.3.2.4. 16 

•• • ••• 
1.3.2.5 

•• • •••• 
1.3.2.5.1 
1.3.2.5.2 

DHcrlptlon 

l.ov~tI to land 
But ldlng 50 I~royen.nts 

GeMrel Req .. ';rements 

Sitework 
Concrete 
Meul. 
Carpentry 

Cost Estimate Report 
Summary of Material and Labor 

by Rollup Lavel. 

Tha~l and Moisture Protection 

Doors, Windows' Glass 
Finishe. 
SpechltlH 

Furnishing. 

Conveying Systems 

Mechanical work 

Electric.l Work 

Building 6 Improvements 

GeMrel Requi rements 

Heul. 
Carpentry 

Doors, windows' Glass 

Finishes 

Specialties 
Special Conuructlon 

Mechanical Work 

Electrlc.l York 

Siu UttlltlH 

General Rtq.li rements 

Mechanic.l 
Electric.l 

Specfat Facilities 

Lab Furnftur. , Standard FI.InI Hoods 

Cold ROOfIII 

8 -13 

Material & Labor Tota l k$ 

12 . 1 
1,169.6 

210 . 7 
98.6 
16.9 

134.2 
6.0 

10.0 
31.9 

145.9 
7.5 
2.1 

90.0 
272.2 
'43.1 

765.8 

138 .0 
15 . 1 
17.8 
25 .5 

227.5 
1.5 

20.0 
234.5 
85 .7 

84 .3 

15.2 
15.0 
54.1 

1,042.8 

298. 0 
54.9 



Plge No. 9 
01/23/91 

\Jork .r .. kdown 
Structure' 

1.3.2.5.3 
1.3.2.5.4 

..... _-
1.3.2.5.4.1 

1.3.2.5.4.2 

1.3.2.5 .4.3 
, .3.2 .5,4 . 4 

•• • •• 
1.3.3 

•• • ••• 
1.3.3. I 
1.3.3.2 
1.3 .3.3 
1.3.3.4 
1.3 .3.5 

•• •• 
1.4 

•• • •• 
1.4. I 

1.4.2 

O"crfptton 

l.fNr FlOllf Hoodl (3) 

Scientific Equtpme~t 

Cost Estimate Report 
Summery of Material and labor 

by Rollup levels 

Ofeltal Scanning Elctrn Microscpe 
w/WOrkatltn 
HIR .. Electron Microscope w/Cryo 
Workstltlon 
Confocil Microscope 
Im.ee ~ly.is Package 

Stardard Equipment 

Bloch_iltry 
Mlcro.copy 
CeU and Tissue Culture 
Surglclt Suite 
Cenerll Support Equ ipment 

Cont tngenc:y. 

Special Research Flcilities and 
Mlnlgement 
Convent f one l F ae It it f es 

268.0 

206.0 

89.0 
83.0 

43.9 
646.0 

B· 1 4 

Material & labor Total KS 

1,787.0 

1,067.0 
109.0 
139 .0 
80.0 

392.0 

4,908.6 

3,829.6 

1,079.0 
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Table B.3 

Plge No . 
01 /22/91 

Technica l Components Co.t est i~t. 

UN ITM UNIT ". UNI T COST TOTAL L •• HRSI TOTAL CRAFT CRAFT TOUL ISC + 
Nil OESeR I PTI ON IlEAl UNITS COS T BASIS Ise leI UHfS UNIT HRS ccoe RATE LABOR KS LABOR Ie' 

•• was: 1. 1 Pro ject M.n.gement & Admi nis trati on 
1 PROJECT OIRECTOI 0 0.00 EU 0.0 1 5300 .0 5300 loA 40. 35 213 .9 213.9 
2 CLE.ICAL SUPPOIT 0 0. 00 0.0 1 5300 .0 5300 loA 40.35 213.9 213.9 
3 PROJECT MANAGER 0 0.00 0.0 1 2650 .0 2650 .E 54.50 144 . 4 144.4 
4 Proj Cony Fee C.M. 0 0.00 0.0 1 2200 .0 2200 PEN 42 .00 92 .4 92.4 
5 QA/S. fety Officer 0 0.00 0.0 1 2650 .0 2650 ME 54. 50 144 . 4 144 . 4 
6 ~t i • • & Expent .. (12%) 1 106050.00 106. 0 0 0.0 0 0. 00 0. 0 106.0 
7 Incremental Ind i rect. 1 270000.00 270.0 0 0.0 0 0.00 0.0 270.0 
a Addlt fOl"ll I eSl" Sl4JPQrt lot 1 75200 . 00 eu ~ .2 1 4'l10 .0 4010 M 40.35 161.8 ' 237.0 

• • S!.btotat •• 
451.2 22110 970.8 " 22.0 

•• was : 1.2 . 1.1.1 EDI, Wiggl er 
1 PAELIM & GENERAL EMGNEERG 0 0.00 0.0 1 1800.0 1800 ME 54.50 98.1 98. 1 
2 MAG STRUCTURe ENG INEER ING 0 0.00 0. 0 1 1800. 0 1800 ME 54. 50 98.1 98 . 1 
3 0 0.00 0. 0 1 200. 0 200 EE 52.60 10. 5 10 .5 
4 ENGI NEERING SUPPORT 0 0.00 0.0 1 800.0 800 .E 54.50 43. 6 43 .6 
5 SUPPORT/ DRI VE SYSTEM ENGR 0 0.00 0.0 1 800.0 . 800 .E 54.50 43.6 43.6 
6 0 0.00 0. 0 1 800.0 800 EE 52.60 42.1 42. 1 
7 VACUUM SYSTEM ENG INEER ING 0 0.00 0. 0 1 400.0 400 I4E 54.50 21.8 21. 8 
8 ENGl . QUR ING FABR ICATION 0 0.00 0.0 1 1800. 0 1800 I4E 54.50 98.1 98. 1 
9 ENGINEE~IHG SUPPlS & EXP LOT I 45000.00 EU 45.0 0 0. 0 0 0.00 0.0 45 .0 

10 Ackl h fona l ES&K SUpport 1 9000.00 eu 9.0 1 1673 .0 1673 .E 54 .50 91.2 100.2 
•• S!.btot ll •• 

54.0 10073 547. 1 601.1 

· · WS: 1. 2 . 1.1 . 2 ED I , Wiggl e r Seamline Frontend 
1 Mech Eng ineering 0 0.00 EU 0.0 1 800.0 800 "' 

54. 50 43.6 43 .6 
2 Mee:h Des ign 0 0.00 EU 0.0 1 600. 0 600 lID 39.20 23. 5 23 .5 
3 Mee:h Dri fting 0 0.00 EU 0.0 1 600.0 600 ., 39. 20 23. 5 23 .5 
4 Mee:h Shopt (l nspectlor'l) 0 0.00 EU 0.0 1 120 .0 120.5 37.10 4. 5 4.5 
5 Mee:h Tech (lnspecti or'l) 0 0.00 EU 0.0 1 160 .0 160 IOU 35 .80 5. 7 5.7 
6 Elee: . Eng ineer ing 0 0.00 EU 0. 0 1 400.0 400 EE 52. 60 21.0 21.0 
7 El ee: . Coord i nat f or'l 0 0.00 EU 0.0 1 400.0 400 EC 38.00 15.2 15.2 
a Elte Shops ( Inspect ion) 0 0.00 EU 0.0 1 160.0 160 ES 29.80 4.8 4.8 
9 Supplies & Expen.e. 1 24000 . 00 EU 24 .0 0 0.0 0 0. 00 0.0 24 . 0 

10 Ackllt i onal ESIH Support 1 4800 .00 eu 4.8 1 520.0 520 I4E 54. 50 28.3 33.1 
• • S!.btot l l .. 

28.8 3760 170. 2 199 .0 

• • wes ; 1.2 . 1. 1. 3 EDI , Di ff ract ion Faci l ity 
1 8r.nch llne ED I 0 0.00 0.0 0 0.0 0 0.00 0. 0 0.0 
2 Mech Eng ineering 0 0.00 0.0 1 1600. 0 1600 ME 54 .50 87. 2 87.2 
3 Mech Des ign 0 0.00 0.0 1 1200. 0 1200 lID 39.20 47.0 47.0 
4 Mech Dr.ftlng 0 0.00 0.0 1 1200.0 1200 Mf 39.20 47.0 47.0 
5 Mee:h Shope (l nspec t for'l ) 0 0.00 0.0 1 240. 0 240 . 5 37.10 8. 9 8.9 
6 Mech Tech (I nspection) 0 0.00 0.0 1 320. 0 320 IOU 35 .80 11 .5 11.5 
7 Ute . Eng i nHr ing 0 0.00 0.0 1 800.0 800 EE 52.60 42. 1 42. 1 
8 Elee: . Coordlnetlon 0 0.00 0.0 1 800.0 800 EC 38 .00 30 .4 30.4 
9 Elte. Shope (lnspectn) 0 0.00 0.0 1 320. 0 320 E5 29.80 9.5 9.5 

10 Supplies & ExptnlH lot 1 48000.00 eu 48.0 0 0.0 0 0.00 0.0 48 .0 
11 0 0.00 0. 0 0 0.0 0 0.00 0.0 0.0 
12 Erd Sut l on EOI 1 180000. 00 t\J 180 .0 0 0.0 0 0. 00 0. 0 180.0 
13 Acklf tiONI I ES&M ~rt 1 45600 .00 tu 45.6 1 1040.0 1040 I4E 54. 50 56. 7 102.3 

•• S!.btoul •• 
273 .6 ~20 340. 3 613.9 

•• WI: 1.2 . 1.1.4 EDI, Spectroscopy/ Mircroprobt Fac il i ty 
1 Branchlint ED I 0 0.00 0. 0 0 0.0 0 0.00 0. 0 0.0 
2 Mee:h Eng i nHrlng 0 0.00 0.0 1 2000.0 2000 I4E 54.50 109 .0 109 .0 
3 Mtch Design 0 0.00 0.0 1 2000.0 2000 lID 39.20 78.4 78 .4 
4 Mech Drif t ing 0 0.00 0.0 1 2000.0 2000 M' 39.20 78.4 78.4 
5 · Meeh $h. (I nspection) 0 0.00 0.0 1 300.0 300.1 37. 10 11 . 1 11 .1 
6 Mee:h Ttch (Inapect fon) 0 0.00 0.0 1 400.0 400 !OJ 35 .80 14 . 3 14 .3 
7 Elee. Engineering 0 0.00 0.0 1 1000.0 1000 EI 52.60 52.6 52 .6 
8 Elee: . Coordination 0 0.00 0.0 1 1000.0 1000 EC 38.00 38. 0 38.0 
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P.g. No. 2 
01122191 

Techn ical Components Coat E. timet. 

IT" IfN UNIT ... WilT COST TOTAL LaR HISI TOTAL CRAFT CRAfT TOTAL Ise + 
Nil DESCRlPTlOM IlEAS UNITS COSY BASIS Ise lS UNTS ""IT HiltS CCl'JE RATE LASOR IC.S LABOR KS 

9 ELee . Shope (lrwpectn) a 0.00 0.0 1 400. 0 400 ES 29.80 11.9 11.9 
10 ~l f •• & EJCpena .. lot 1 60000 . 00 eu 60.0 a 0.0 a 0.00 0.0 60.0 
11 a 0.00 0. 0 a 0.0 a 0.00 0.0 0.0 
12 End st.t fon EDI 1 180000 . 00 eo 180 .0 a 0.0 a 0. 00 0.0 180.0 
13 Addtt ionel ls&H Support 1 48000 . 00 eu 44.0 1 1445.0 1445 ME 54. 50 78.8 126.8 

.. SubtoUl -
288. 0 10545 4n . 5 760.5 

•• WS: 1.2.1 .2.1 EOI, UnciA.tor 
1 PREL IM' GENERAL ENGMEERG a 0.00 0.0 1 1500.0 1500 ME 54 .50 81.8 81.8 
2 MAG STRUCTURE (MGllIEERING a 0.00 0.0 1 1200.0 1200 ME 54 .50 65.4 65.4 
3 a 0.00 0.0 1 200.0 200 EE 52.60 10. 5 10.5 
4 ENGINEERING SUPPORT a 0.00 0.0 1 500.0 500 ME 54. 50 27.2 27. 2 
5 SUPPOI1IDR1 VE SYSTEM ElIGi a 0.00 0.0 1 500.0 500 ME 54 .50 27.2 27.2 
6 a 0.00 0.0 1 400 .0 400 EE 52 .60 21.0 21.0 
7 VACUUM SYSTEM ENGINEERING a 0.00 0.0 1 400.0 400 HE 54.50 21.8 21.8 
e ENGl . DUR ING FAaRICAT ION a 0.00 0. 0 1 1800 .0 1800 ME 54. 50 98. 1 98. 1 
9 ENGINEERING SUPPlS , EXP LOT 1 ]5000 ,00 EU 35 .0 a 0.0 a 0.00 0.0 35 .0 

10 Additional ESIM Support 1 7000 .00 eo 7.0 1 1296.0 1296 HE 54. 50 70 . 6 n .6 
.. SubtoU l •• 

42.0 T796 423 . 7 465. 7 

•• was: 1.2. 1.2 .2 ED t . Undul at or 8ea!nl ine Frontend 
1 Mech ene'''"'!'' a 0. 00 EU 0.0 1 800.0 800 ME 54. 50 43.6 43.6 
2 N«:h D • • l gn a 0.00 EU 0. 0 1 600 .0 600 .., 39.20 23. 5 23 .5 
3 JMeh Draf t ing a 0.00 EU 0.0 1 400.0 400 III' 39.20 15. 7 15 . 7 
4 Mech Shope ( Inspection) a 0.00 EU 0.0 1 120.0 120 os 37 .10 4.5 4.5 
S Nech Tech ('ntpect ton ) a 0.00 EU 0. 0 1 160.0 160 III 35 .80 5.7 5.7 
6 Elee: . engineer i ng a 0.00 EU 0.0 1 160.0 160 EE 52.60 8.4 8.4 
7 Elte . Coordh .. t lon a 0.00 EU 0.0 1 160 .0 160 EC 38.00 6. 1 6.1 
8 Ute Shopl (lnlpKtlon) a 0.00 EU 0.0 1 80.0 80 ES 29.80 2.4 2.4 
9 S~l f • • , Expena" 1 24000 . 00 EU 24.0 a 0.0 a 0. 00 0. 0 24.0 

10 Add iti onal ESIN Support 1 4800.00 eu ' .8 1 400. 0 400 M! 54.50 21.8 26.6 
•• S""t otal •• 

28.8 2880 131.7 160.5 

• • was : 1.2.1 . 2 . 3 ED I , Soft X-ray Imagi ng Fec: ility 
, Brancht lne EOI a 0.00 0.0 a 0.0 a 0.00 0.0 0.0 
2 Hech Engl,..rlng a 0.00 0.0 1 1600.0 1600 ME 54 .50 87.2 87.2 
3 Mech D • • lgn a 0.00 0.0 1 1200 .0 1200 .., 39 .20 47.0 47.0 
4 Hech Dra f ting a 0.00 0.0 1 1200.0 1200 HF 39 .20 47.0 47.0 
5 Meeh $h. (lnlpKtfon) a 0.00 0.0 1 240.0 240 HS 37. 10 8.9 8.9 
6 Mec:h hch (InspKt lon) a 0.00 0.0 1 320 .0 320 III 35 .80 11.5 11.5 
7 El ee . Eng f,..r i ng a 0.00 0.0 1 800. 0 800 EE 52.60 42. 1 42. 1 
8 Elte . Coordinati on a 0.00 0.0 1 800 .0 800 EC 38.00 30. 4 30 .4 
9 Elee . Sh. (lnlpKtn) a 0.00 0.0 1 320 .0 320 ES 29.80 9.5 9.5 

10 S~ll .. , Expenl" lot 1 48000 . 00 eu 44.0 a 0.0 a 0. 00 0. 0 44.0 
11 a 0.00 0.0 a 0.0 a 0.00 0. 0 0. 0 
12 Erd Stat Ion EOI 1 450000 . 00 eu 450.0 a 0.0 a 0.00 0.0 450 .0 
13 Add i t i onal Es&M Suppor t 1 99600 .00 eu 99.6 1 1040. 0 1040 ME 54 .50 56. 7 156.3 

• • Slobtotat •• 
597.6 7520 340.3 937.9 

•• was : 1.2 . 2 . 1. 1. 1 "a;net le Mat . r i. l 
1 MOFE Block. •• 1820 197.59 YO 359.6 a 0.0 a 0.00 0.0 359.6 
2 Gaug .. /F I. ld Co l l ./Holdr. tot 1 300. 00 EU 0.3 1 160.0 160 NT 26. 10 '.2 4.5 
3 ".. .. urenwnt Pr~ a 0.00 0.0 1 20.0 20 EM 29.80 0.6 0. 6 

• a 0.00 0.0 1 20. 0 20 EE 52.60 1.1 1. 1 
5 M ... urement. LOT 1 100.00 EU 0.1 0 0.0 a 0.00 0.0 0. 1 
6 3-AxI. H.C. M • •• a 0. 00 0.0 220 0.4 79 EM 29 .80 2.' 2.4 
7 1-Axh H. C. H ... a 0. 00 0.0 1600 0.2 384 EM 29.80 11.4 11.4 
8 Surf.ce M •• aur...nt. a 0.00 0.0 1820 0.2 328 EM 29.80 9.8 9.8 
9 Superv l alon a 0.00 0.0 1 100. 0 100 EE 52.60 5.3 5.3 

•• S""totat •• 
360 .0 1091 34.6 394.7 
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•• WlS: 1.2.2.1.1 . 2 Model Pole & Pole Assembly ,/, - \ . 

, Ndf •• lock. 0 0.00 0.0 24 4.0 96 OS 37. '0 3.6 3.6 
2 Telt 'Ixtur. & "a.-bly •• , 100.00 eu O. , , 320.0 320 NT 26.10 ' .4 8.5 
3 Model Meuur...,U 0 0.00 0.0 , 40.0 40 Eo 29.80 '-2 1.2 

•• kbtoul .. 
O. , 456 13. , 13.2 

.. WS: 1.2.2 . 1.1.3 Pol. Asurrtll in 
1 YMedt"" ',r-aw •• 90 28'-00 A85 25.3 0 0.0 0 0.00 0. 0 25.3 
2 Keepers •• 90 456.00 A82 4'-0 0 0.0 0 0.00 0.0 4'-0 
] Keeper InaptCtton lot , 1000.00 EU . '-0 90 0.2 , ... 37. '0 0.7 '-7 
4 Containers .. 90 lO .OO EU 2.7 0 0.0 0 0.00 0.0 2.7 
5 All.,. f hitur" .. 4 50 .00 A82 0.2 • 60.0 240 .. 37. '0 '.9 9.1 
6 Au.IV .. 90 10 .00 ... 82 0.9 90 20. 0 1800,. 37. '0 66.8 67.7 
7 Pol. A'ienbly Mount, •• 6 350.00 CP 2. , 6 32.0 '92 .. 37. '0 7. , 9.2 

•• Sl.btotat •• 
73.2 2250 83.5 ' 56.7 

•• WS: 1.2.2. 1. 1.4 End Pole Assemblies 
1 End Pole lCeeper. LOT , 100.00 EU 0.' 8 '2.0 96 .. 37. '0 3.6 3.7 
2 Ndf. Block Cutting 0 0.00 0.0 96 4.0 l84 oS 37. '0 14.2 14.2 
1 " •• eMbly • Keeper. 0 0.00 0.0 8 '6.0 '28 lOA 37. '0 4.7 4.7 
4 Rotttor 0 0.00 0.0 8 32.0 256 .. 37. '0 9.5 9.5 
5 Rotator Block Cutting 0 0.00 0.0 2. • • 0 96 os 37.10 3.6 3.6 
6 A. __ Ie . Iota tor 0 0.00 0.0 8 •• 0 32 lOA 37. '0 '.2 1.2 
7 Rotator lint.,. .. 8 100.00 EU 0.8 8 8.0 64 .. 37. '0 2.' 3.2 
8 Manu.L Rotltr Orv (Optnl) .. 8 500.00 CP '.0 8 '6.0 128 fill 37. '0 4.7 8.7 
9 0 0.00 0.0 8 ' . 0 32 lOA 37. '0 '-2 1.2 

•• Sl.CtoUl •• 
4.9 '2'6 45. , 50. 0 

•• WS: 1.2 .2.1.1 . 5 Becki ng Seams 
, .lCking ..... (2) LBS ' 0500 0.Z8 CP 2.9 2 230.0 460 .. 37. '0 17. , 20.0 
2 0 0.00 0.0 2 '6.0 3Z 05 37. '0 '-Z 1.2 
3 BIcking .... H.at Tr.at~t .. 2 3000.00 EU 6.0 0 0.0 0 0.00 0.0 6.0 
4 flexlbl. 'foh 0 0.00 0.0 , '6.0 '6 lOA 37. '0 0.6 0.6 
55t1f_ lot 1 ' 00.00 EU O. , , 40. 0 40 .. 37. '0 1.5 1.6 
6 Pol. Shl.ldl lot , 500.00 EU 0.5 0 0.0 0 0.00 0.0 0.5 
7 Pol . Shl.ldl LOT 6 50.00 EU 0.3 0 0.0 0 0.00 0.0 0.3 
e . tgging Hardwar. lot , 2000.00 EU 2.0 0 0.0 0 0.00 0.0 2.0 

•• Slbtot.l •• 
''-8 54a 20.3 32.2 

•• \lEIS : 1.2.2 .1 .1.6 Magnet Structur. Assembly 
1 KHptr Inltallation Tool 0 0.00 0.0 , 2'-0 2' .. 37. '0 0.8 0.8 
2 Keeper Pol. Mount A&&embl •• 6 '00 .00 EU 0.6 6 36.0 216 Mol 37. '0 8.0 8.6 
3 End Pol. AI • .nbly 0 0.00 0.0 • '2. 0 4a .. 37. '0 1.8 1.8 
4 Pol. Mount/Back .. A.ly 0 0.00 0.0 , 2'.0 24 .. 37. '0 0.9 0.9 
5 Pol. Mount/lcka .. Alay •• 6 100.00 EU 0.6 6 2'.0 '44 lOA 37. '0 5.3 5.9 
6 fldJc:lalhlng lot , 100.00 EU O. , Z '6.0 32 lOA 37. '0 l.Z 1.3 

•• Sfi)total •• 
'-3 4a5 '8.0 '9.3 

.. was: 1.2.2.1.1.1 Magnet ic Measurements: Mechanical 
1 Coil & Probe Mount. 0 0.00 0.0 , 40.0 40 oT 26.'0 1.0 1.0 
2 AII.aly Section S.tt..p 0 0.00 0.0 '2 '2.0 '44 lOA 37.'0 5.3 5.3 

•• Slbtoul .. 
0.0 '84 6.4 6.4 

•• waS: 1.2 . 2 . 1.1.8 Magnet ic Measur.ments: electrical 
, S.tt..p A • • .mbly Stet lona 0 0.00 0.0 , '6.0 '6 EE 52.60 0.8 0.8 
2 0 0.00 0.0 '2 '.0 4aES 29 .80 '-4 1.4 
3 Data Acqulr.: A.lY Stetna 0 0.00 0.0 '2 3.0 36 EE 5Z .6O '-9 1.9 

• 0 0.00 0.0 '2 8.0 96 ES 29.80 2.9 2.9 
5 OIU Anl lysil:AllY Stetl"ll 0 0. 00 0.0 , 80.0 80 EE 52 .60 '.2 4.2 
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.. ~tot.l -
0.0 276 11.2 lL2 

.... s: 1.2. 2.1.2. t suppor t · Sys teM fabrication 
1 ~rt Sylt. A .... lbly •• 1 40000.00 EU 40 .0 0 0.0 0 0.00 0.0 40 .0 
2 A •• oct,ted p.rtl lot 1 2355.00 EU 2.4 1 66. 0 66 ... 37.10 2.4 4.8 
] MflC.ll~ lot 1 500.00 EU 0.5 1 50. 0 50 ... 37. 10 1.9 2.4 
4 Aulllbly lot 1 75.00 EU 0.1 1 la7. 0 187 NA 37.10 6.9 7.0 

•• SlA:Itotal -
42.9 303 11.2 54 .2 

•• WlS: 1.2.2.1.2.2 Orlv. sYltem Fabriea tl on 
1 Roll.r ScreM A •• .-bly .. ' a 3~OO . OO EU 2a.0 0 0.0 0 0.00 0.0 28 .0 
2 Spt"no Syst. •• 1 4104 . 00 CP 4.1 8 30.0 240 ... 37.10 8.9 13 .0 
3 8",11"11 Syn_ lot 1 3120.00 EU 3. 1 1 225.0 225 ... 37.10 a .3 11.5 
4 Sprocket/Chlln Syet_ lot 1 1759. 00 CP l.a 1 90.0 90 ... 37. 10 3.3 5.1 
5 ee.r lox & Mtg. •• 1 1000.00 EU 1.0 1 38.0 38'" 37.10 1.4 2.4 
t. Encoder Syst_ lot 1 4607.00 C, 4.6 1 40 .0 40 ... 37. 10 1.5 6.1 
7 Motor Mounting .rlCk.t e. 1 25 .00 C, 0.0 1 38.0 38 ... 37.10 1.4 1.4 
8 fan SYlt_ lot 1 10.00 CP 0.1 1 38.0 38 ... 37. 10 1.4 1.5 
9 MhcIUeneout lot 1 950.00 EU 0.9 1 230.0 230 ... 37. 10 •• 5 9.5 

10 ..... _ty lot 1 300.00 EU 0.3 1 397.0 397 ... 37.10 14.7 15 .0 
11 Roller Screw Klnem.te ~t •• 8 500.00 eu 4.0 1 120.0 120 HM 37.10 4 .5 8.5 

•• S\.btot., •• 
47.9 1456 54.0 102. 0 

•• WS : 1.2.2.1.2.3 loclt Tfft~r.tur. Cont rol Fabrieation 
1 Fr ... , Curtain lot 1 1300.00 EU 1.3 100.0 100 ... 37. 10 3.7 5.0 
2 Blower' Dryer SYlte. lot 1 1050. 00 EU 1.1 30 .0 30 ... 37.10 1.1 2.2 
3 MI,eelleneous lot 1 50. 00 EU 0.1 15 .0 15 ... 37.10 0.6 0.6 

•• Subtotel .. 
2.4 145 5.4 7.8 

•• WIIS: 1.2.2 . 1.3.1 VICLUII Charrbers 
1 VKULII Chlll"Oer " (2 CIt) 0 0.00 0.0 0 0.0 0 0.00 0.0 ·0. 0 
2 Mlterill 11>0 1600 2.21 vo 3. 5 0 0.0 0 0.00 0. 0 3.5 
3 Fabrieltlon 0 0.00 0.0 2 180 .0 360 NC 53.10 19.1 19. t 
4 0 0 .00 0.0 2 140 .0 280 ... 37. 10 10.4 10 .4 
5 Fabricate Hang" lot 1 2000.00 EU 2.0 1 120.0 120 ... 37. 10 4.5 6 .5 
6 Feb Flange Tranaltlons lot 1 500.00 EU 0.5 6 20.0 120 ... 37.10 4.5 5. 0 
7 Ass_Ie/Test 0 0.00 0.0 1 320.0 320 ... 37. 10 11.9 11.9 

a Systea Au..,l y 0 0.00 0.0 1 80 .0 80 ... 37.10 3. 0 3.0 
9 UHV Blkeout 0 0.00 0.0 1 160.0 160 ... 37. 10 5.9 5. 9 

•• SI.b!ot.1 •• 
6.0 1440 59. 2 65 .2 

•• 'll8S: 1.2.2 . 1.3. 2 Pumping Syltems , Instrur.ntltlon 
1 Photon Stop/TSP ~ .. 1 20000.00 EU 20.0 0 0.0 0 0.00 0.0 20. 0 
2 Ion ~/TSP COIIbfnetfon •• 3 4397.00 CP 13.2 0 0.0 0 0.00 0 .0 13.2 
3 90 dot Elbow to .,.., •• 3 530 .00 CP 1.6 0 0.0 0 0.00 0.0 1.6 
4 !tIght Angle Vilv. •• 2 a76.00 C, I . • 0 0.0 0 0.00 0. 0 I. • 
5 View Port •• 2 206.00 C, 0.4 0 0.0 0 0.00 0.0 0.4 

•• SlJ)totll .. 
36.9 0 0.0 36.9 

•• WS: 1.2.2.1.3.3 Support S!rueture 
1 VKlAII ChMber Support lot 1 2000 .00 EU 2.0 1 160.0 160 ... 37. 10 5.9 7.9 
2 Ion P~ S"4lPOrts •• 3 200.00 EU 0.6 3 20. 0 60 ... 37. 10 2.2 2.8 
3 lnateilitfon Fixture •• 1 500.00 E 0. 5 1 80. 0 80 ... 37.10 3.0 3.5 

•• SlJ)toul •• 
3. 1 300 11.1 14 .2 

.. WS: 1.2 .2.1.3.4 Vaeuu. Ollgnostlcs 
, 10 Controller ••• 1 755 .00 C. o.a 1 2.0 2E1 29.80 0. 1 D •• 
2 Degl' MoIiJle •• 1 150.00 C. 0.1 0 0.0 0 0 .00 0.0 0. 1 
3 Secord 10 Mo6JI. •• 1 75 .00 C. 0. 1 0 0.0 0 0.00 0.0 0.1 
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It Proc", Control ...... l. •• , 350.00 c. 0.3 0 0.0 0 0.00 0.0 0.3 
5 Rack ~t t. , 50.00 CP O. , I 1.0 lES 29.80 0. 0 O. , 
6 • ..ot. 1/0 Modul. t. 1 30 .00 C. 0.0 , ~ r · .• . 0.0 ..• . . 0 0.00 0.0 0.0 
7 DUll COI"IV«tron ~l. •• 1 400 , 00 CP 0.4 0 0.0 ~ 0. 00 0.0 0.4 
a UHV Electro.ettr Modul. •• 1 400.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
9 IE££·488 Interfac. •• , 360.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 

'0 Nude Ion Gouge e. 1 311 .00 C. 0.3 , 1.0 I NS 37. '0 0.0 0.3 
" JG Cable: 50 , .. t .. , 195 . 00 CP 0.2 I 1.0 'ES 29.80 0.0 0.2 
, 2 COI"IWCt ron Gauge .. 1 '39.00 C. 0.1 1 1.0 1 NS 37. '0 0.0 0.2 
13 Conveetron Cable: 50 t ... .. , 210.00 CP 0.2 1 1.0 'ES 29.80 0.0 0.2 
14 IG Comector .. , 10 .00 EU O.Q ! ,!i 1.0 1 NS 37.' 0 0.0 0.0 
1S tG Cabl. l"ttrfK' •• 1 50.00 EU 0.1 4.0 4ES 29.80 0.1 0.2 
16 ton Pulp Controller e. 3 1943.00 CP 5.8 3 2.0 6ES 29.80 0.2 6.0 
17 ICI"I PUPf) Cabl, t. 3 223.00 CP 0.7 3 4.0 12 ES 29.80 0.4 1.0 
18 Ion ~ Cable Interfacl .. 3 100.00 EU 0.3 3 4.0 12 ES 29 .80 0.4 0.7 
19 1£££-488 Inttrface •• 3 498.00 C, 1.5 0 0.0 0 0.00 0.0 1.5 
20 ILC Crete et 1 1000 ,00 EU 1.0 1 40.0 40 ES 29 .80 1.2 2.2 
21 IlC .. 5 1000.00 EU 5.0 , 40.0 40 ES 29.80 1.2 6.2 
22 subli.-tlon Controller .. , 2000.00 CP 2.0 , 4.0 4 ES 29.80 0. 1 2.1 
23 Sr.bllmltlon MwI: .. , 2000.00 EU 2.0 , 80 .0 80ES 29.80 2.4 4.4 
24 fll.."t Cabl .. st. , 500.00 EU 0.5 1 40.0 40 ES 29.80 '.2 1.7 

lIP. S~tot.l .. 
22.3 246 7.4 29.6 

•• WlS: 1. 2. 2.1.4 Control System 
1 Motor MHln •• 1 1565 .00 \IQ 1.6 0 ,0.0 0 0.00 0.0 1.6 
2 0 0.00 0.0 0 0.0 0 0. 00 0.0 0.0 
] fM ln .. 1 200.00 \IQ 0.2 0 0.0 0 0. 00 0.0 0.2 
4 M'Un Ori .... r •• 1 3321.00 VO 3.3 . 0 0.0 0 0.00 0. 0 3.3 
5 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
6 Controll.r 100010 •• 1 n6.00 va 0.8 0 0.0 0 0.00 0.0 0.8 
7 M.th 009 •• 1 158.00 \IQ 0.2 0 0.0 0 0.00 0.0 0.2 
8 Indexer/Cont . et 1 652 . 20 \IQ 0.7 0 0.0 0 0.00 0.0 0.7 
9 Card C.g. •• 1 614.00 VQ 0.6 0 .. 0.0 0 0.00 0.0 0.6 

10 P. S. pso512 •• 1 275.oo\IQ 0.3 0 0.0 0 0.00 0.0 0.3 
11 UPS t. 1 350 .00 EU 0.3 0 0.0 0 0.00 0.0 0.3 
12 Redl ion Cont. Readout •• 5 176.00 EU 0.9 0 0.0 0 0. 00 0. 0 0.9 
1] final Inst.ll.tion lo. 1 3000.00 EU 3.0 1 80 .0 80EI 29.80 2.4 5.4 
14 final Test 0 0. 00 0.0 1 40 .0 40 EM 29.80 1. 2 1.2 
15 Shop Inst.ll.tion lo. , 2000.00 EU 2.0 1 40 .0 40 EI 29.80 1.2 3.2 
16 Shop feat 0 0. 00 0.0 1 40.0 40 EM 29 .80 1.2 1.2 
17 lLC •• 3 1000.00 EU 3.0 3 8.0 24 EM 29 .80 0. 7 3.7 
18 ILC Cr.t. •• 1 1000.00 EU 1.0 , 40.0 40 E1 29.80 1.2 2.2 

•• Subtot.l .. 
'7.8 264 7.9 25.7 

•• waS : 1.2.2 . 1 . 5 . 1 Magnet ic M@8surements : Me<hanlcal 
1 Coft & Probe Mou"IU 0 0.00 0.0 , 40.0 40 "" 35.80 1.4 1.4 
2 Aueftt)ly Section Stt~ 0 0.00 0.0 12 12.0 , .. lOA 37.'0 5.3 5.3 
] Coil. t. 2 '05 .00 ... 0.2 2 120 .0 240 "" 35 .80 8.6 8.8 
4 Gap Spacers 0 0. 00 0.0 , 24.0 24 "" 35 .80 0.9 0.9 
5 10 $et~ lo. 1 315 . 00 eu 0.3 , 160.0 160 lOA 37.10 5.9 6.3 

•• S!.btoUI •• 
0. 5 605 22.2 22.7 

•• was : 1.2.2 . 1.5.2 Magnet ic Measurements: electrical 
1 S.t~ A •• ~ly Sections 0 0. 00 0.0 1 16.0 '6 EE 52 .60 0.8 0.8 
2 0 0. 00 0.0 '2 4.0 411 ES 2'1 .80 1.4 1.4 
] Oata Acqufr.:AllY Section 0 0.00 0.0 '2 3.0 36 EE 52 .60 1.9 1.9 
4 0 0. 00 0.0 '2 8.0 96ES 29.80 2.9 2.9 
5 o.t. AnalYlfl:AslY Sectna 0 0. 00 0.0 , 80.0 80EE 52 .60 4.2 4.2 
6 Callbr.t. Null CoIL 0 0.00 0.0 , 20.0 20 EE 52 .60 1.1 1.1 
7 0 0.00 0.0 , 20.0 20 ES 29.80 0.6 0.6 
8 Coda Softw.re CoIL P.ramt 0 0.00 0.0 1 8.0 8 C, 52 .60 0.4 0.4 
9 0 0.00 0.0 1 8.0 8 EE 52.60 0.4 0.4 

10 10 $.t~ : Electronic 0 0.00 0.0 1 16.0 '6 EE 52.60 0.8 0.8 
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II 0 0.00 0.0 40.0 40 ES 29.80 1.2 1.2 
12 10 $.tl4': £tlCtr tcll 

, 
0 0. 00 0.0 40.0 40 ES 29.80 1.2 1.2 

13 10: Ottl Acqul'ltlon 0 0.00 0.0 40.0 40 EE 52 .60 2. I 2. 1 
14 0 0.00 0.0 240.0 240 ES 29.80 7.2 7.2 
" 10: D.tl Anllysfl 0 0.00 0.0 40. 0 40 EE 52.60 2.1 2.1 
16 Olt. Prepetltlon 0 0.00 0.0 80.0 80 ES 29.80 2.4 2.4 
17 Q/C V.rffle.clon 0 0.00 0.0 20.0 20 EE . 52.60 1.1 1.1 

" 
0 0.00 0.0 20.0 20 ES 29.80 0.6 0.6 

19 Shut~.torJge 0 0.00 0.0 20. 0 20 EE 52.60 1.1 1.1 
20 0 0.00 0.0 40.0 40 ES 29.80 1.2 1.2 

•• ~tot.l -
0.0 928 34 .6 34 .6 

•• ~S: 1.2.2.1.6 Instillation 
1 Pt.r. & Truck to sft, 10' 1 525.00 eu 0.5 80.0 80NA 37.10 3.0 3.5 
2 Rigger" Work 0 0.00 0.0 50.0 50 leo 64 .70 3.2 3.2 
3 $<Irwy , 011,.--. 0 0. 00 0.0 46.0 46 I NT 64.70 3.0 3.0 
4 IrwtlUltlon 10' 1 315.00 eu 0.3 100.0 100 un 64 . 70 6.5 6.8 
5 VIC1.NI HooItl.4l/~ 10' 1 105.00 eu 0.1 40. 0 40 INT 64.70 2.6 2.7 
6 a,tnet,'t Te.p etrl HOUIg 0 0.00 0.0 40.0 40 IMT 64 .70 2.6 2.6 
7 M'ae,llaneow. 0 0.00 0.0 50 .0 50 Ifill 64.70 3.2 3.2 

•• S~tot.l •• 
0.9 406 24.1 ; .0 

•• was: 1.2. 2. 2.1.1 Fbtd Aperture 
1 w.ter coold .tIaorbr .. sri) •• 1 500. 00 eu 0.5 1 120. 0 120 '$ 37. 10 4.5 5.0 
2 .tlztng flxturt./too ling •• 1 200.00eu 0.2 1 20.0 20 '$ 37. 10 0. 7 0.9 
3 .... stlIIIbl. 0 0.00 0.0 I 80. 0 8010$ 37.10 3.0 3.0 
4 SUrvey/cll fbrltton 0 0.00 0.0 I 16.0 16 NS 37.10 0.6 0.6 
5 Vee . check. & bekeout •• 1 50 .00 eu 0.1 I 80.0 80NS 37.10 3.0 3.0 

•• $!.&ItoCll •• 
0.' 316 11. 7 12 .5 

•• IJIS: 1.2.2.2.1 .2 PBPM ., 
1 Photon IPtI $yst_ •• 2 1500.00 086 3.0 2 160.0 320 •• 37. 10 11.9 14 . 9 
2 Vee ..... ch.a.r •• 1 6000.00 eu 6.0 0 0.0 0 0.00 0.0 6.0 
J 1· ... 1. trlnlUn IfItChaniu •• 2 2500.00 eu 5.0 2 40.0 80 ,$ 37.10 3.0 8.0 
4 Asatn'Ol. •• 2 500 .00 eu 1.0 2 60.0 120 'S 37.10 4. 5 5.5 
5 Tank Mounting H.r~r. •• 6 200.00 eu 1.2 6 4.0 24 14$ 37. 10 0.9 2.1 
6 Survey/calibration 0 0.00 0.0 I 32 .0 32 '$ 37. 10 1.2 1.2 
7 ~r' post •• 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
a aakeout & leak checks •• 1 l00 .00eu O. I , 80 .0 80 ,$ 37.10 3.0 3. 1 
9 Pr.-Installatlon 10 0.00 0.0 1 80.0 80 '$ 37. 10 3.0 3.0 

10 lOW hardware , connctions .a 1 300.00..., 0.3 1 20 .0 20 14$ 37. 10 0. 7 1.0 
.. S~t~tal •• 

19.6 756 25.0 47.6 

•• WS: t .2. 2.2. t . J front End Photon Shutt.r 
1 Th.r..l ablorber bl~ 10' 1350.00 eu 1.4 2 61.0 136 "S 37. 10 5.0 6.4 
2 VeelUl eh .... r 10' 6700.00 eu 6. 7 1 320.0 320 _. 37. 10 11.9 18 .6 
3 Knuckl. a •• .-bly 10' 250.00 OIl 0.2 I 99.0 99 '$ 37.10 3. 7 3.9 
4 fl .... l Alutlly/I,..tllatfon lot 1600.00 eu 1.6 , 254.0 254.S 37. 10 9.4 11.0 
5 ~rt po.t •• 200.00eu 0. 2 1 40.0 40 MS 37.10 1.5 1.7 

•• Subtotal·· 
10. 1 849 31.5 41.6 

•• WlS: 1.2.2.2.1. 4 f •• t V.l .... 
1 Modlfltd fa.t Shutt.r •• 20000 .00 IU 20.0 0 0.0 0 0.00 0.0 20.0 
2 A •• .-bl. & Teat •• 100 .00 eu 0.1 I 60 .0 60 ,$ 37.10 2. 2 2.3 

•• SubtoUl •• 
20.1 60 2.2 22.3 

•• WS: 1.2. 2.2. 1.5 P.rsernel S.fllty Shyt. 
1 Llad Phr.glr •• 1 550.00 eu 0.6 52.0 52 MS 37.10 1.9 2.5 
2 Veeu.a Syst_ •• 1 5075.00 OIl 5.1 190.0 190 MS 37. 10 7.0 12.1 
J Actuator N.rdwlr. •• I 2700.00 Al7 2.7 80.0 80MS 37.10 3.0 5.7 
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4 A •• e.bl, & T .. t •• 2400. 00 eu 2.4 156.0 156 H$ . 37.1 0 5.8 8.2 
•• S4.btotal -

10.7 478 17.7 28.5 
' . •• WlS: 1.2.2.2. 1.6 Front End Vacuua Syste. 

1 .,llow A .. tllbly •• 2 2200.00 A86 4.4 0 0.0 0 . 0.00 0.0 4.4 
2 ,- UKV Iiolation V.lvI •• 1 10000. 00 cp 10.0 0 0.0 0 0.00 0.0 10.0 
3 ,- UHV Isol.tlon Valv. •• 2 13000.00 cp 26.0 0 0.0 0 0.00 0.0 26.0 
4 ,- Pipe TN/Spool •• 2 1500.00 eu 3.0 0 0.0 0 . 0.00 0.0 3.0 
5 Spool Support POit .. 1 500 .00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
6 Shl,ler. wall Tr.".ltfon •• 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
7 "flC UHV H.rdwer. lot 1 2500.00 eu 2.5 1 40.0 40 H$ 37.10 1.5 4.0 
a •• keout/l •• k check lot 1 500.00 eu 0.5 1 60. 0 60 OS 37. 10 3.0 3.5 
9 S ••• IEM to conflat •• 1 300 . 00 cp 0.3 1 4.0 4 o' 37.10 0. 1 0.4 

10 Survey/calibration 0 0.00 0.0 2 16.0 32 O' 37.10 1.2 1.Z 
•• SLiJtoul -

49. 7 156 5.8 55.5 

•• WS : 1.2.2. 2.1.7 Splitting Mi rror Sys te. 
1 Fab/procur. ~h perts lot 1 52200.00 eu 52.2 1116.0 1116 "5 37. 10 41.4 93.6 
2 Feb/procur. ,lee' entrls lot 1 16700.00 eu 16.7 40.0 40 HS 37. 10 1.5 18.2 
3 0 0.00 0.0 90.0 90£1 Z9.60 2.7 2. 7 
4 Fab/procur. \lK ch..o.r lot 1 15350 .00 eu 15 .3 100 .0 100 .. 37. 10 3.7 19. 1 
5 Vee ~,a'Q" .~ .• tc. lot 1 16850.00 eu 16.9 16.0 16 OS 37.10 0.6 17.4 
6 0 0.00 0.0 16.0 16 E1 Z9 .60 0. ' 0.5 
7 AlleMbte, bekeout ,telt lot 1 500.00 eu 0.5 232. 0 23z' .. 37.10 8.6 9.1 
8 IMuttatfon lot 1 600.00 eu 0.6 100.0 100 III 35.60 3.6 4.2 
9 0 0.00 0. 0 20.0 20 OS 37. 10 0.7 0. 7 

10 0 0.00 0. 0 20.0 20 EI Z9.60 0.6 0.6 
11 0 0.00 0.0 20.0 20 EM Z9.60 0.6 0.6 

•• S!.btotal •• 
102.2 1770 64.5 166. 7 

•• WS: , .2.2.2.1 .8 Front End Mechanical Inlul lation 
, All emble/leak check lot 3 500.00 eu 1.5 3 16.0 48111 35 .60 1.7 3.2 
2 Transport/let·up lot 4 200.00 eu 0.8 4 32 .0 128 III 35 .60 4.6 5.4 
1 Unlltr f t/_Ilc hardware lot 1 500.00 eu 0. 5 1 40.0 40 III 35 .60 1.4 1.9 
4 Toot. " "iIe lot 1 500.00 "" 0. 5 1 40.0 40 "S 37.10 1.5 2.0 
5 " iIe. MaChine Ihop lot 1 500.00 eu 0.5 1 40.0 40 "S 37.1 0 1.5 2. 0 
6 L .. d ShtUdfng lnatattatn tot 1 3000.00 eu 3.0 1 60.0 60111 35 .60 2.9 5.9 
7 Shielding Wtll ~ifieatn lot 1 500.00 eu 0. 5 1 100.0 100 III 35 .60 3.6 4.1 
8 F.E. Support Rtll •• 1 500.00 ... 0.5 1 120 .0 120 OS 37.10 4.5 5.0 
9 Survty " AU grment lot 1 200.00 "" 0. 2 1 . 103 .0 103 OS 37.10 3.8 4.0 

•• S!.btoul •• 
8.0 699 25.4 33.4 

•• WS: 1.2.2 .2.2. 1 Fixed Aperture Con trols 
1 Yacuu. f..othru •• 1 250.00 tu 0.2 8.0 8111 35.60 0.3 0.5 
2 Electr<atttr •• 1 2795.00 cp 2.8 8.0 8£1 Z9.60 0. 2 3.0 
1 Eurocard Crat. •• 1 600. 00 "" 0.8 16.0 16 £I Z9 .60 0.5 1.3 
4 (LC •• 1 1000.00 eu 1.0 16.0 16 £I Z9.60 0.5 1.5 
5 Cabl .. lot 1 300.00 "" 0.3 16.0 16 ES Z9 .60 0.5 0.8 
6 (MtaUat lon 0 0.00 0.0 40.0 40 ES Z9 .60 1.2 1.2 
7 rtlt 0 0.00 0.0 16.0 16 EM Z9.60 0. 5 0.5 

•• S!.btotal •• 
5.1 120 3.6 8.8 

•• WS: 1.2.2.2.2 .2 PBP" '1 Control s 
1 Ion P~ 110/LS •• 1 4750.00 cp 4.8 1 16.0 16 OS 37.10 0.6 5.3 
2 Ion p~ PS •• 1 2000.00 ep 2.0 1 16.0 16 ES Z9 .60 0.5 2.5 
lila. Power Supply •• 1 500 .00 ... 0.5 1 8.0 8£1 Z9.60 0.2 0.7 
4 Yac~ f..othru •• 5 250.00 eu 1.2 5 2.0 10 o' 37.10 0.4 1.6 
5 lLe & SBlC •• 2 1400. 00 eu 2.8 2 16.0 32 ES Z9.60 1.0 3.8 
6 Etectr<atttr •• 4 16~.00 IU 6.8 4 4.0 16 ES Z9.60 0.5 7.3 
7 Eurocard Cratt •• 1 800 .00 tu o.a 1 16.0 16 EI Z9.60 0.5 1.3 
a Motor Cont rolltr •• 1 2400.00 IU 2.4 I 16. 0 16 £I Z9 .60 0.5 2.9 
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IlEAS UNITS COST BASIS Ise KS UNTS UNIT HRS COOE RATE LABOR 1(' , \.~ 
LABOR KS 

9 Wlter T.-p ControllJ r .. 
" 

1915 . 00 cp 2.0 1 16.0 16 IIJ 35.80 0.6 2,5 
10 Cibt .. 

, 
10' 1 5oo.ooeu 0.5 1 16.0 16 ES 29 ,80 0,5 1.0 

11 l,.tlll.t ~ iW' 0 ,0,00 0,0 1 40.0 40 U 29,80 1.2 1.2 
12 THt 0 0.00 0.0 1 40.0 40 EM 29.80 1.2 1.2 
13 Flow switch II 2 400.00..., o.a 2 4.0 allJ 35.80 0.3 1.1 
14 Ion Gtugt II 1 3000.00 eu 3. 0 1 a .o au 29.80 0. 2 3.2 

.. Slmtottl -
27.6 25a a.o 35.6 

•• WlS: 1.2.2.2.2.3 Photon Shutter Control. 
1 Jon PwIp 400 lIs II 1 9900. 00 ep 9.9 1 a.o 811J 35.80 0.3 10.2 
2 Jon ~ PI II 1 1975.00 cp 2.0 1 a.o a ES 29.80 0.2 2.2 
3 Ion Gtugt II 1 3000.00 eu 3. 0' 1 a.o 8U 29.80 0.2 3.2 
4 ILC & sax II 1 1400.00 eu 1.4 1 16.0 16 ES 29.80 0.5 1.9 
5 Poeltlon Indh:.tor. st. 1 SOO.COw 0.5 1 16.0 16 U 29.80 0.5 1.0 
6 Atr Solenofdl II 4. 500.00 ... 2.0 4 a.o 32 IIJ 35.80 1.1 3.1 
7 Air Pres. Interlock II 1 500,OO.u 0.5 1 16.0 16 IIJ 35.80 0.6 1.1 
a Inat,U,tion 0 0.00 0.0 1 40.0 40 ES 29.80 1.2 1.2 
9 THt 0 U.OO 0.0 1 24.0 24 EM 29.80 0. 7 0.7 

•• S\.btout •• 
19.3 168 5.3 24.6 

•• was: 1.2.2.2.2 •• Fist Velve Controls 
1 Ion GIUQII II 3 3000.00 eu 9.0 3 a.o 24 U 29.80 0.7 9.7 
2 Trigger Unit .1 1 5000 . 00 eu 5.0 1 80. 0 80U 29.80 2.4 7.4 
J IlC II 1 1000.00 eu 1.0 1 16. 0 16 ES 29.80 0.5 1.5 
4 Eurocard Crlt. II 1 500.00 eu o.a 1 16. 0 16 ES 29.80 0.5 1.3 
5 l,.,.t,U,tlon O. 0.00 0.0 1 40 .0 40 ES 29 .80 1.2 1.2 
6 THt O. 0.00 0.0 1 40.0 40 EM 29.80 1.2 1.2 

•• S!.btot,l •• 
15 .a 216 6.4 22 .2 

•• waS: 1.2 .2.2.2. 5 P,rIOfY\el' Safety 'Shutter Controls 
1 Ion PUI1) 200 l/' •• 1 5900 .00 'P 5.9 1 a . o allJ :11.80 0.3 6.2 
2 Ion Puop PS .1 1 W75 .00 'P 2. 0 1 a .o a ES 29.80 0.2 2.2 
1 Ion G.uge II 1 3000.00 .. 3.0 1 a .o a ES 29.80 0.2 3.2 
4 Ilt & sax II 1 1400.00 .. 1.4 1 16.0 16 ES 29.80 0.5 1.9 
5 Pa.ition Indicators st. 1 500 .00 ... 0.5 1 16.0 16 ES 29.1!O 0.5 1.0 
6 Ai,. Solenoids .1 4 500.00 ... 2.0 4 a .o 32 IIJ 35.80 1.1 3.1 
7 Ai,. Presa Interlock .. 1 5oo.00eu 0.5 1 16.0 16 IIJ 35.80 0.6 1.1 
a Installation 0 0.00 0. 0 1 40 .0 40 ES 29.80 1.2 1.2 
9 Test 0 0.00 0.0 1 24 .0 24 EM 29.80 0.7 0.7 

•• S...ototal •• 
15.3 168 5.3 20 .6 

•• was: 1.2.2.2.2.6 Vacuu. Syst~ Controla 
a X· cornec:t II 1 270.00 'P 0.3 1 24 .0 24 U 29.80 0.7 1.0 
1 Cabl. Sat 10' 3 100.00 .. 0.3 3 4.0 12 U 29.80 0.4 0. 7 
] .elay block, II 1 580.00 'P 0.6 1 24 .0 24 ES 29.80 0.7 1.3 
4 41 Chan Opto·t,ol.tor .1 1 700.00 'P 0.7 1 24. 0 24 ES 29.80 0. 7 1.4 

.. Sl.btotal •• 
1.a 84 2.5 4.4 

•• waS: 1.2.2.2.] Front ENt 'Safety Syst_ 
1 Ilt & SIX II 2 1400.00 ... 2.a 0 0.0 0 0.00 0.0 2.a 
2 Eurocard Crate II 1 800 .00 ... o.a 0 0.0 0 0.00 0.0 0.8 
] Key Plntl el 1 ]00 .00 cp 0.3 0 0. 0 0 0. 00 0.0 0.3 
4 Monitor lightS P~l II 6 250 .00 'P 1.5 0 0. 0 0 0.00 0.0 1.5 
5 Push lutton Plntl .1 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
6 Irllker Panel el 1 250.00 'P 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cabl" 10' 1 100.00 ... 0.1 0 0.0 0 0.00 0.0 0.1 
a Wiring Aa • .mbly 0 0.00 0.0 1 80. 0 80U 29.80 2.4 2.4 
9 PllC redtatlon .onftor It laO 11.00 cp 1.1 0 0.0 0 0.00 0. 0 1.1 

10 PllC Camec MY PS II 1 1000. 00 au 1. 0 0 0. 0 0 0.00 0.0 1.0 
11 PliC Monltorfng Card II 1 2700.00 'P 2.7 0 0.0 0 0.00 0.0 2.7 
12 Plie Other Electronics 10' 1 . 3000.00 ... 3.0 1 20.0 20 ES 29.80 0.6 3.6 
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13 Plie ',..tlllation O.S ,: al\ " " 29~ iil ' 
., 

lot 1 800.00 eu S.O 0.2 1.0 
14 PLIe Inlullatlon •• 100 1.00 eu 0.1 1. S.O ' SEI 29.80 . • 0.2 0.3 
15 Sylt_ THt 0 0.00 0.0 1 80.0 80 EO 29.80 2.4 2.4 
16 VI~ C ... r. & lent •• 1 800.00 cp O.S O. 0.0 0 0.00 . ... 0.0 0.8 
11 video Monttor •• 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
18 Coax: ,_r. to ..,lto,. .. 1 50,00 eu 0.1 I 2.0 2 EI 29.80 0.1 O. I 
19 video Connector. e. 2 5.00 eu 0.0 2 0.5 lES 29.80 0.0 0.0 
20 P~'ock. & .'ac hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 

•• $U)total -
" to' 

!, 16.~. ". 199 5.9 22.3 
., " 

•• WlS: 1.2 .2.2.4 Front End Utilities 
1 f.E. ~tfc .trvlc. lot 1 2000.00 ... 2;0 I 120.0 120 III 35 .80 4.3 6.3 
2 F,E . lCW •• rwl,. lot I 2000.00 eu 2.0 1 120.0 120 JIIJ 35.80 4.3 6.3 
3 Cabl, trlYS, conduit, etc lot 1 2000. 00 eu 2.0 1 120.0 . 120 P£ 36.10 4.3 6.3 
4 Unl.trut & .f.e hardware lot I 1000.00 eu 1.0 1 40.0 40 "5 37. 10 1.5 2.5 
5 DOIoblt ILtc rack •• I 1200. 00 eu 1.2 1 16.0 16 ES 29.80 

" 
0.5 1.7 

6 .. ponel 3 ph 30A •• I 50.00 ep O. I 1 0.5 DEI 29.80 0.0 0. 1 
7 Ir.,k.r pw'IiIl .. 2 200.00 cp 0.4 2 4.0 SEI 29 .80 0.2 0.6 
a PlUl Strip •• 2 20.00 eu 0.0 2 1.0 2E1 29.80 O. I 0.1 
9 lack F ..... .. 2 50 . 00 cp 0.1 2 1.0 2 ES 29.80 O. I 0.2 

10 X'COf'I"I block. & fr ..... .. I 500.00 cp 0.5 I 24.0 24 EI 29.80 0.7 1.2 
l' "'IY block. , f,. ... .. I 500. 00 ep 0.5 I 24.0 24 EI 29.80 0.7 1.2 

•• SlJ)toul •• 
9.S 476 16.7 26 .5 

•• WS: 1.2.2.2.5 Front End Mech/Elect Systell Integration 
1 Controll Checkout/Debug 0 0.00 0.0 7 16.0 112 "T 26.10 2.9 2.9 
2 0 0.00 0.0 7 16.0 112 EO 29.80 3.3 3.3 
3 0 0.00 0.0 7 16. 0 112 CP 52.60 5.9 5.9 
4 0 0.00 0.0 7 16.0 112 EI 29.80 3.3 3.3 
S S.f.ty SYlt .. Check/Debug 0 0.00 0.0 4 S.O 32 NT 26.10 O.S 0.8 
6 0 0.00 0.0 4 '8.0 32 EO 29.80 1.0 1.0 
7 0 0.00 0.0 4 S.O 32 EI 29.80 1.0 1.0 
8 V.eUUl SYlt .. Checkl 0 0.00 0.0 4 16.0 64 NT 26.10 1. 7 1.7 
9 0 0.00 ',' 0.0 4 16.0 64 EO 29.80 1.9 1.9 

10 Nlac. H.r~r. lot 1 1000.00 tu 1.0 I 40.0 40 "S 37.1 0 1.5 2.5 
•• Sl.btotal .. 

1.0 712 23 .3 24.3 

•• WS : 1.2 .2.1.1.1.1 H&V Beam Def ining Aperture • 
1 Vacu.A Ch..o.r .. 1 12000.00 >lJ7 12.0 0 0.0 0 0.00 0.0 12 .0 
2 loughing v.lv. •• 1 750.00 ep O.S a 0.0 0 0. 00 0.0 0.8 
1 link Support Po.ta .. I 1000.00 tu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Tank Mounting Struts .. 6 200.00 ... 1.2 6 20.0 120 OS 37.10 4.5 5.7 
5 BrenG borber AllY e. 4 500.00 ... 2. 0 4 100.0 400 OS 37.10 14.S 16.8 
6 Br.llng , Tooling nlttur. u I 100.00eu 0.1 2 40.0 80 OS 37.10 3.0 3. 1 
7 UHV Mounting H.rdwar. lot 4 500.00"" Z.O 4 20.0 80 os 37.10 3.0 5.0 
8 .. Uow AI..aly •• 4 2000.00 tu S.O 0 0.0 a 0.00 0.0 8.0 
9 Stepper/Encoder Poaltfone •• 4 2500.00 ... 10.0 0 0.0 0 0.00 0.0 10.0 

10 flanges/.lac UHV h.rdwar. tot 10 500.00 ... 5.0 0 0.0 0 0.00 0.0 5.0 
11 lCW Herdware .. 2 300.00 ... 0.6 0 0.0 0 0.00 0.0 0.6 
12 Au.l. UHV I..aYlt_ .. 4 100.00 ... 0.4 4 20.0 80 os 37. 10 3.0 3.4 
11 SurvtY & C.llbr.tfon 0 0.00 0.0 4 16. 0 64 OS 37. 10 2.4 2.4 
" P~ & l •• kcheck lot I 50.00 tu O. I I 40.0 40 "5 37. 10 1.5 1.5 
15 .ekout lot 1 50.00 ... 0.1 I 80.0 80 OS 37.10 3.0 3.0 
16 AI • .-bl. Po.ltloner. e. 4 50 .00 ... O.Z 4 20. 0 80 OS 37.10 3.0 3.2 
17 "lie. AII.nbly Herdw.r. lot 1 1000.00 tu 1.0 I 40.0 40 OS 37.10 1.5 2.5 
18 Pre-l,..t.Ultfon checkout 0 0.00 0.0 I 40.0 40 OS 37.10 1.5 1.5 
19 Prep for transport.tion lot 1 50 .00 to O. I I S.O S OS 37.10 0.3 0.3 

•• s!JJtoul •• 
,44.4 l11Z 41.1 85.7 

•• was: 1.2.2.3.1.1.2 V.rtleal Deflecti on "Irror. 
1 Procur-.nt lot 2 56000 .00 ... 112.0 2 60.0 120 .. 17. 10 4.5 116.5 
2 fabrle.tlon lot 2 9900 .00 eu 19.5 2 1220.0 2440 OS 37.10 90. 5 110.3 
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.. 1.85 : 1.2.2 .3. 1.2 .3 'rend'! Line Electr ica l Inst illa t i on ' ~ ~ " . ...~ . 
, >\ ' 

1 Reck ... Tr tys lot 1 3450 .00 CP 3 .S 1 ' 80.0 
l¢, 

80 EI 29 .1iO ' . 2. 4 5 .• 
2 Ion Pu.p Interconnect. It 600 1. 00 tu 0.6 1 16.0 16 EI 29.80 0.5 1.1 
3 Ion ~ Interconnect It 600 2.00 eu 1. 2 1 32 .0 32 EI 29 .80 1.0 2.2 
4 I"trlck/Actuat r (ntrennet ft 400 3 . 00 eu 1. 2 1 40. 0 40 EI ,29.80 1.2 2.4 
5 Poatt fon Contr's Intrcone ft 800 2.50 .u 2.0 • , 1 "j ~ o 40 EI 29.80 1.2 3.2 
6 Optic,' ct • .nlna I"t rcone ft 200 1.00 eu \-"~ 0.2 ' " ' 1 10.0 10 EI ' 29.80 0.3 0.5 

.. $~total -
• • 6 21. 6.5 15. 1 

•• was: 1.2.2.3.1.3 Branch l ine Safety System. ~"; , "·-: ,.1, ' 

1 ILt , SIX e. 1 1400 .00 eu U ' 0 0.0 0 0.00 0.0 1.4 
2 Eurocl rd Cr.t . •• 1 800.00 eu 0 0.0 0 0.00 "0.0 0.8 
3 Key 'MItt •• 1 300.00 cp 0.3 0 0 .0 0 0.00 • .-0.0 0. 3 
4 Mon i tor Llghta Penel •• 6 250.00 cp 1.5 0 0.0 0 0.00 ' 0.0 1.5 
5 Puth Button Penel •• 1 250 .00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
6 8r.,k,r Ptntl .0 , 1 250 .00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cabl,. lot 1 100 . 00 IU 0. 1 If ",)c. 0 .0 ' '0 0.00 0. 0 0. 1 
a Wi r i ng A •• ~ly 0 0.00 0.0 1 80.0 80ES 29.80 2.4 2.4 
9 Syste_ r"t 0 0.00 0.0 ' 1 80 .0 80 EM 29 .80 2. 4 2.4 

10 Padl ock ... Mhc. Hardware 10< 1 500.00 eu 0. 5" 0 0.0 0 0.00 0.0 0.5 *. s..ctout •• 
5. 1 160 4 •• , 9. 9 

•• was ; 1.2 .2.3.1.4 Sranch l ine Uti li ties 
1 P~t le Service lot 1 1500.00 eu 1.5 1 120 .0 120 III 35 .80 4.3 5.8 
2 LCW Service 10' 1 1500 , 00 eu 1. 5 1 120 .0 120 III 35.80 4.3 5 .• 
] Cabl . Tr.ys, Condu i t, etc lot 1 2000.00 eu ' ,.0 1 '''': ''120'. 0 ' 1~0 PE 36.10 4.3 6.3 
4 Unl tt ttut/lllfsc . Herdwar. 10' 1 1000.00 IU 1.0 1 40 .0 40 MS 37.10 1.' 2.5 
5 Dul. Uee . h e ll: •• 1 1200 .00 cp 1.2 0 16.0 o ES 29.80 0.0 1.2 
6 SA ponel 3 PH 30A e. 1 50 .00 CP O. " 1 0.5 o U s 0.00 0.0 0. 1 
7 I r.aker Panel •• 2 200.00 CP 0.4 , 2 4.0 8 ES 29.80 0. 2 0.6 
II Plug St r i p •• 2 20.00 eu 0. 0 2 1.0 2ES 29.80 0. 1 0.1 
9 Rick Fans .. 2 50.00 eu 0. 1 2 1.0 2 ES 29.80 0.' 0.2 

10 X'corn blocks' frlfTlt .. 1 500.00 cp 0.5 1 24 .0 24 ES 29.80 0.7 1.2 
" ~.l .y blx. , f reme .. 1 500.00 cp 0.5 1 24 .0 24 ES 29.80 0. 7 1.2 

.. Subt otel • • 

••• 460 16. 2 25.0 

•• was: 1.2. 2. 3.1.5 Iranch Line "een/e lec t Syst~ Integrat ion 
1 Control . Checkout/ Debug 0 0.00 0. 0 6 16. 0 96 HT 26. 10 2 .5 ' 2.5 
2 0 0. 00 0.0 6 16. 0 96 EM 29.80 2.9 2. 9 
3 0 0.00 0.0 6 16.0 960 52.60 5.0 5 .0 
4 0 0.00 0.0 6 16.0 96E1 29.80 2.9 " 2.9 
5 S.f'tr Sys tems Checkout 0 0 .00 0.0 ' 4 8.0 32 MT 26. 10 0.8 0 •• 
6 0 0.00 0.0 4 •• 0 32 EM 29.80 1.0 1.0 
7 0 0. 00 0.0 4 • • 0 32 EI 29.80 1.0 1.0 
II v. cuu. SYl ta. Check. 0 0.00 0.0 4 16.0 64", Z6.10 1.7 1.7 
9 0 0.00 0 .0 4 16.0 64 EH 29.80 1. 9 1.9 

10 MI.e . H. rdwar. lot 1 1000 . 00 .... 1. 0 1 40 .0 40 "$ 37. 10 1.5 2.5 
•• S!.btotat .. 

1. 0 64S 21.1 , 22 . 1 

•• 145 : 1.2. 2.3.2 Crystallography Stat ion 
1 Huber Gon lo.eter 1 89250.,00 89 .2 0 0.0 0 0.00 0.0 89.2 
2 Huber Table wt-.nf pul.tn 1 21000.00 21. 0 0 0.0 0 0.00 0. 0 21.0 
3 Mf c roVA)( cCIq:II.Iu r S)'S CM 1 42000.00 42 .0 0 0.0 0 0.00 0.0 42.0 
4 D.t. Itor." & .rch lvi ng 1 26250.00 26. 2 0 0. 0 0 0.00 0.0 26.2 
5 Electronics & inter fac •• 1 31500 .00 31 . 5 0 0.0 0 0.00 0. 0 31.5 
6 Hutch 1 26250. 00 26. 2 0 0.0 0 0.00 0.0 Z6.2 
7 INgl plat. ICInWf' 1 162750.00 162 .8 0 0.0 0 0.00 0.0 162 .• 
II Softw. r. 1 54600 .00 ' 54 .6 ' 0 0.0 0 0.00 0.0 54.6 

• • S!.btotat •• 
453.6 0 0. 0 453 .6 
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•• WI: 1.2.2.3.3 s.U Angle Seatt lr ing St.t i on 
1 ScQt"" C.U tI/efWrft Ctrl 1 ;2600.00 
2 HI/lo pres.ure/tllP e. U 1 8400 . 00 
3 S.-pl. rot.tlon fixture 1 10500.00 
4 Multlpl (llhlf! 63t"tol' -,.; , 52500.00 
5 O.tICtO" .ltctronfc. : ) ,: ' 1 :5 1!i00.00 
6 PlUMbi""Nfr~, vDC : .te. 1 26250.00 

•• Subtottl I!,' ,. 
L 

•• WI: 1.2.2'. 4.1.1. 1 HIV leOfll Defining Apertur .. 
1 VK\UI Ch .... ~r •• , '·2000.00 A.87 
2 laughing Valve •• 1 750.00 cp 
1 Tank S"4JPOrt PasU ell 1 1000.00 eu 
4 Tn MoIIItl,.. St rutl.a 6 200.00 au 
5 .razld Abaort.r A .. y e. 4 500.00 au 
6 ar.zlng I Tooling Fixture e. ~ 100 . 00 ell 

7 UHV Mou'Itfng HarWare lot 4 500.00 au 
a •• llow A .. lIJIbly •• 4 2000.00 eu 
9 St~r/£nc:oder Posltlont ea 4 2500.00 au 

10 n.,. .. /."c UHV h.rdwar. lot 10 500 .00: au 
11 LQI H"'~!lro -;- .. 2 300. 00 au 
12 1I .. ...ml. UHV '~Y'tl!fr"" I, 100. 00 au 
13 SUrvey & Cal ibr,tfOl'" 0 0.00 
14 r~ I. lelkchflCk lot l : 50.00 au 
1~ 8,kout lot 1 50.00 au 
Hi AuMble POltttoners" 4 50.00 eu 
17 fiUIe. "ullllbLy H.rdwur. lot .. 1 1000.00 I'U 

18 Pr.· fMtall.t l on checkout a 0.00 
19 Prep for trensport.tl c," lot 1 " 50 . 00 au 

•• S~tot'L -

•• IJBS: 1.2 . 2 . 4.1.1.2 
1 Proeur..nt 
2 Fwfc.t fon 
3 As,eMbl. & T~st 
4 l ... taU.tlon 

•• S.btotal •• 

h vertfcal 'Oeflection Minors ( '1&2) 
lot l ' 56000 .00 tu 
lot ~. , 9900.00 tu 
lot ·', 1 ~50.00 tu 
lot \ .G.. 1 50.00 tu 

TOTAL LSI( 
ISC (' UHTS 

12.6 0 
8.4 0 

10. 5 0 
52 .5 0 
31 . 5 0 
26. 2 0 

141.8 

12 .0 
0.8 
1.0 
1.2 
2.0 
O. I 
2.0 
8.0 

10.0 
5.0 
0.6 
0.4 
0.0 
O. I 
O. I 
0.2 
1.0 
0.0 
O. I 

44.4 

56.0 
9.9 
0. 7 
O. I 

66.6 

o 
o 
o 
6 
4 
2 
4 
o 
o 
o 
o 
4 
4 
I 
I 
4 
I 
I 
I 

I 
I 
I 
I 

•• waS : 1.2.2.4.1.1 .3. 1 High Resolution Oouble Cryst.l Monocn romator 
1 DOIobl. Crystal Monochrmtr ea 1 365000.00 eu 365 . 0 0 

•• SLbtot.l •• 
365 .0 

Pre'Monochromator Multilayer Syst ~~ •• WiS : 1. 2.2.4 . 1. ' .3.2 
1 Multilayer Sy.tel 

•• S,btota' -
U ' ' : 390000.00 au 390 . 0 

•• was: 1.2.2.4. 1. 1.4 
1 Diagnostic " 
2 Ohgnoetfc 12 
3 Dfagnoe.tte n 

•• S...etot,l •• 

Branch Line Diagnostic • 
•• 1 noo. OO eu 
fa 1· 6700 .00 au 
•• l ' 6l 00.00 eu 

•• WlS: 1.2.2 .4- .1 . 1.5 Branch Line VacW1l Systen 
1 4- UHV lIolatlon V.lve ea 4 9460.00 cp 
2 6»cf Spools ea 4 500 . 00 cp 
1 6- cf .allow Aneri:lly ( a, 6 2000.00 A86 
4 Spool S~rt PoaU .. 4 ( 500 . 00 tu 
5 Mise UHV H.rdw,re lot 1 2500 . 00 au 
6 8.keout , L .. k check lot 1 2500.00 tu 

390.0 

7.7 
6.7 
6.7 

21. I 

17.8 
2.0 

12.0 
2.0 
2. 5 
2. 5 

o 

o 
o 
o 
o 
I 
1 

HItS/ 
UNIT 

0.0 
0. 0 
0.0 
0.0 
0 .0 
0.0 

0.0 
0.0 
0. 0 

20.0 
100.0 
40.0 
20.0 
0.0 
0. 0 
0.0 
0.0 

20 .0 
16.0 
40.0 
SO .O 
20 .0 
40.0 
40.0 
8.0 

60. 0 
1220.0 
292.0 

8.0 

0.0 

0. 0 

208.0 
148. 0 
148.0 

0.0 
0.0 
0.0 
0. 0 

120.0 
120 .0 

8·26 

TOTAL CRAFT CRAFT TOTAL ISC .. 
HRS cctlE UTE LASOR KI LASCA lei 

o 
o 
o 
o 
o 
o 
o 

o 
o 
o 

120 itS 
400 "S 

SO os 
SO os 
o 
o 
o 
o 

SO os 
64 os 
40 filS 
SO os 
SO OS 
40 NS 
40 NS 
8 os 

1112 

60 OS 
1220 HS 
292 os 

8 os 

15SO 

o 

o 

o 

o 

208 "S 
148 OS 
143 H$ 

504 

o 
o 
o 
o 

120 "S 
120 OS 

0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 

0.00 
0.00 
0.00 

37. 10 
37.10 
37.10 
37.10 
0.00 
0. 00 
0.00 
0. 00 

37. 10 
37. 10 
37.10 
37. 10 
37.10 
37. 10 
37. 10 
37.10 

37. 10 
37.10 
37. 10 
37.10 

0.00 

0. 00 

37. 10 
37. 10 
37.10 

0.00 
0. 00 
0.00 
0.00 

37. 10 
37. 10 

0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0. 0 
0.0 
4.5 

14.8 
3.0 
3.0 
0.0 
0.0 
0.0 
0.0 
3.0 
2.4 
1.5 
3.0 
3.0 
1.5 
1.5 
0.3 

41.3 

2. 2 
45.3 
10.8 
0.3 

58.6 

0.0 

0.0 

0.0 

0.0 

7.7 
5. 5 
5. 5 

18.7 

0.0 
0.0 
0.0 
0.0 
4.5 
4.5 

12 .6 
8.4 

10 .5 
52.5 
31.5 
26. 2 

141.a 

12.0 
0.8 
1.0 
5. 7 

16 .8 
3. I 
5.0 
8.0 

10.0 
5.0 
0.6 
3.4 
2.4 
1.5 
3.0 
3.2 
2.5 
1.5 
0.3 

85 . 7 

58.2 
55.2 
11 .5 
0.3 

125.2 

365.0 

365.0 

390.0 

390.0 

15.4 
12 .2 
12.2 

39.8 

".8 
2.0 

12 .0 
2.0 
7.0 
7.0 
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TKhnlcal C~.tI COlt EstitlllU 

lUI ITM ""IT 
IlEAl 

, .. UNIT COST I rOTAl LBI HI$/_ ... TOTAL. CRAFT CRAFT ',tOTAL ISC + 
r.oST BltSIS .• , . isc KS UNTS '· UNIT : , HRS COOE RAl~ t\ ~ A'B ()R (S ~· LABOR KS NSI DESCJ:IPTIOM UNITS 

•• S!.btoUl - ;. ' i' j " ., , , ~ ,. '.~ 

,. _5" .5 . 

•• ".S: 1.2.2.4 . 1. 1.6 
1 AI • .-bl./L •• k ChKk 
2 Trwwport , Ittl4) 

Branch Line Mechanic.l 
lot 1 

:'1.0 :1: .•. · 
lnaullat ion ·-( 
1.00 1000 (' o~ 

3 Unltltrut , Mlac. H.rdw.r 
4 Mlac. Mtc:h ... fc.l ..ork 
5 Mlac. Meehlne Ihop 
6 L.ad Shi.ldng Inst.ll.tn 
7 Sl4'POrt IItl 
S ""'- & AlI..-.' 

•• S!.btoul -

lot 3 200.00 eu 
lot 1 500.00 eu 
lot 1 500 . 00 eu 
lot 1 500 . 00eu 
lot 1 1000.00 eo 
•• I 500 . 00 eo 
lot 1 200.00eu 

•• was: 1.2.2 . 4. 1.1. 7 
1 D.f l nlng Slltl 

•• Subtot.l •• 

O.tlnff\li 51 its 
tI 2 45000.00 eu 

.. 6 

I.' r 

, ~-4 
O.~. 
0. 5 
0.5 
1.0 

,0_5 · 
. 0. 2 
1 ~ .. 

: ·3.S 

90.0 

90 :0 

•• waS: 1.2.2.4.1.2.1 Photon Trnasport Control. , Diagno$t ·ie. 
1 Ion PI.II'9 Controls/Cables lot 1 53600.00 CP 53 .6 
2 Ion Gtug.I/Controll lot 1 12700.00 eo 12.7 
3 Interlocks' Aetlators lot 1 5400.00 eu 5.4 
4 Pa.itloning Control I lot 1 22800 . 00 IU 22 .8 
5 Optlc.l Cl .... lng Controls lot 1 10000. 00 eu lQ .O 
6 8e .. Positioning Controls •• 1 2100.00 tu 2. 1 
7 IiUle. H.rdw.r. lot 1 5000. 00 tu 5. 0 

•• Subtot.l •• 

•• was: 1.2.2.4.1.2.2 Monochromator Control. 
1 Prog,......,l LOIJIc: CntrUr lot 1 8500.00 eu 
2 0 0.00 ,." 
3 Branch Lint D.yie. S.r .... r e. 1 7800. 00 c:p 
4 Network Interhc. lot 1 5000.00 eu 
5 Displ.y/Control Station II , 13000. 00 eu 
6 TV Dlapl.., Controls eI 1 5900. 00 au 
7 24YOC Distribution lot 1 4000.00 tu 

•• Subtotal·· 

•• waS: 1.2.2.4.1.2.3 Sranch Lin. Electric.l Installation 
1 lack, , Tr.ys lot 1 3450.00 CP 
2 Ion PI.II'9 I nttreomec ts f t 600 1. 00 tu 
3 Ion G.Iuie Inttrcomect 1t 600 2. 00 tu 
4 Intrlek/Ac:tlatr Intrcmct ft 400 3.00 tu 
S Peeltfon contrls lntreme 1t 800 2.50 tu 
6 Optlc.t Cle .... lng lntreme It 200 1.00 tu 

•• Subtot.l •• 

•• waS: 1.2.2 . 4.1.3 
1 I LC , SSX 
2 Euroc:.rd Cr.t. 
3 K.y P.,.,., 
4 Monitor light' P.,.,.l 
5 Push Sutton Panel 

Branch Line S.t.ty Sylttme 
•• 1 1400.00 tu 
•• 1 800.00 eu 
•• 1 300.00 ep 
•• 6 250.00 cp 
II 1 250.00 cp 

111.6 

J.5 
0.0 
7.S, . 
5.0 

13.0 
5.9 
4.0 

44.2 

3.5 
0.6 
1.2 
1.2 
2.0 
0.2 

S.6 

'1 
3 
I 
I 
I 
I 
h­
I 

0 

o· 
4 
S 

14 
S 
I 
I 
I 

I 
I" 
I ' 
I 
I 
I 
I 

o 
O· 
o 
o 
o 

C {1l"" oi I : . ~ . 
' "l·,Z40 .... · ""tI \ ~ .a: ..... · J I' ;"" 8 . 9 

. ... :.. J-4! ' t ·· ' 7.1 'I 

~.'>" r~ I; - .'1'". 

120.0 120 fitS 1'!It :- l7'. 10" 4. 5 
32.0 96""<'·. 35:50 · 3.4 
50.0 ao,.., . , 35.50 • ·I ~ ·. 2.9 
40.0 40 "I 37.10' 11: 1. 5 

1.5 
1.4 

· 4. 5 

40.0 40 "S 37. 10 
40 .0 40 III 35 .50 

' 120.0.' ,'.iJ.- 120 KS ' ; 37. 10; · 
131.0 . , 131 ItS · '37! .. 10· · 4.9 

.:, .' 
0.0 , 

S.O . ' 
S.O 
2.0 
S.O 

20.0 
10.0 
40.0 

20.0 
40.0 
40 .0 
10.0 
40.0 
20.0 
60.0 

, d " • • 

24 .5 
.: , • 'I 'Y~ ' .. ,,., ,"', 

J' N . ~·. n i 
. ~ O 0.00 i" ," 0 . 0 

... 
".'C' 0 ' 

32 EI 
64 ' EI 
2S EI . 
64 '!I 
20 EI 
10EI . 
40 ES ' . .' 

25S 

20 EI 
40 CP 
40 CP 
10 EI 
40 CP 
20 EI 
60ES 

0.0 
...... ' . ~ ';'o''''-'' ." . { 

29 . 8O ~ t - ', ~ 1.0 
29.50" 1.9 

.. 29 ,50 · 0.8 
.. '29.50 ·'"· · 1.9 

29.50 .. , ·0.6 
29 .80 : ' .:r 0.3 
29, 50 1.2 

29.50 
52.60 
52.60 
29.50 
52.6~ 
29.50 
29.50 

7. i 

0.6 
2.1 
2.1 
0.3' 
2.1 
a.6 

· 1.8 

67.7 

4.5 
4.0 
3.4 
2.0 
2.0 
2.4 
5.0 
5.1 

28.3 

90 .0 

90.0 

54.6 
14.6 
6.2 

24.7 
10.6 
2.4 
6.2 

119.3 

9.1 
2.1 

. 9.9 
5.3 

15.1 
6.5 
5.8 

230 9.6 53.8 

I,' 
50.0 50EI 
16.0 16 EI 
32.0 32 EI 
40.0 ~. ', ' 40 EI 
40.0 40 EI 
10.0 10 El 

21S 
,. 

o 
o 
o 
o 
o 

29.50 
29.50 
29.50 
29.50 
29.50 · 
29.50 -

2.4 
0.5 
1.0 
l.c · 
1.2 
0.3 

5.8 
1.1 
2.2 
2.4 
3.2 
0.5 

6.5 15.1 

6 8r .. k.r P ..... l •• 1 250.00 cp 

1.4 
O.S 
0.3 
1.5 
0.2 
0.2 
0. 1 
0.0 
0.0 
0.5 

O. :: .... 

0.0 
0.0 
0.0 
0.0 
0.0 

.0.0 
0.0 

50.0 
50.0 
0.0 

o 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

29.50 
29.50 
0.00 

0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
2.4 
2.4 
0.0 

1.4 
0.8 
0.3 
1.5 
0.2 
0.2 
0.1 
2.4 
2.4 
0.5 

7 Clbl •• 
8 Wiring ASlembly 
9 SYlce ... r.st 

lot 1 100.00 eu 
o 0.00 
o 0.00 

10 Pldlockl , Misc. H.rdw.r. lot 1 500.00 eu 
•• S!.btota' •• , 

~.I 

o 
I 
I . 
O . 

.. , .0 
50ES 
50 E" 
o 

160 4.S 9.9 



(" 
8 · 28 

'lee No. I' 
01/Z2/91 

J; :,. 
T~hn \~.t components Cost Estimate 

11M IT" UNIT 'U UNIT COST TOTAL LB. HItS/ TOTAL CRAFT CRAfT TOTAL 1St + 
H81 OESCII:IPTICIf'·,· S;) .: / " MEAS < UNITS . , 

~T:, IASIS . 1St IS UHTS UNIT HAS cooe RATE LABOR 1($ LASOR 1($ 
::~n ",:;. .t 1 .t 

.~ wes: 1.2.2.4.1 .4 'rlnCh Line Utiliti .. 
1 ~t'c Servlc. lot 1 ISop.oo eu 1.5 1 lZ0 .0 lZ0 III 35 .110 '.3 5.8 
2 LCW S.rvlce ' . , lot 1 1500 .. 00 eu 1.5 1 lZ0.0 lZ0 III 35 .110 4.3 5.8 
3 Cabl. Tr.y., Conduit, etc lot 1 2000.00 IU Z.O 1 lZ0.0 120 PE 36.10 4.3 6.3 
4 untt.trut,"foc. H.rdwlr. lot 1 1000.00 .... 1.0 1 40.0 40 filS 37. 10 1. 5 Z. 5 
5 OQUbl. El.c~ Rock ... to ~ •• 1 1200.00 cp I.Z a 16.0 a ES Z9.1IO 0.0 I.Z 
6 81\ "..,.1 3 . It ~OA " •• ;. :0{ 1 50.00 cr 0.1 1 0.5 o Us 0.00 0.0 0.1 
7 .reo!r:Gr PenJl ~. ~\ ; •• r.d. Z ZOO :OO c. a. ' 2 4.0 8ES Z9 .1IO 0. 2 0.6 
a Ph" Strip .. 2 20.00 eu 0.0 2 1.0 2ES Z9.1IO 0.1 0.1 
9 heir: f DN •• 2 50 .00 eu 0. 1 2 1.0 2ES Z9.1IO 0.1 0.2 

10 X'corn block. & fr_ •• 1 500.00 cp 0.5 1 Z'.O 24 ES Z9.1IO 0.7 1.2 
11 l.lIY blkl , fr ... e. 1 500.QO cp 0.5 1 24.0 Z4 ES Z9 .1IO 0.7 1.2 

.. Sfi)t ot.l - I, 
\ . 8.8 460 16.2 Z5.0 , "' " 

•• !AlS: 1. 2 . 2.4. 1'.5 . ~ ranc:h lif!e ~.Mech/E i ,ct Sy. tell (nteir.,tion 
1 Centrol. Checkout/DeW; :" 0 .,.00 0.0 6 16.0 96 NT Z6.10 Z.5 Z.5 
2 

., '. a 0.00 0.0 6 16.0 96 EN Z9.1IO 2.9 Z.9 
3 "~' .: . a 0.00 0.0 6 16.0 96CP 52.60 5.0 5.0 
4 a o.~ 0.0 6 16.0 96 EI Z9 .1IO Z.9 Z.9 
5 Slf.ty syst ... Checkout ,. a o. 0.0 4 8.0 32 NT Z6 . 10 0.8 0.8 
6 a 0.00 0.0 4 8.0 3Z EN Z9.1IO 1.0 1.0 
7 a 0.00 0.0 • 8.0 3Z EI Z9 .1IO 1.0 1.0 
a VacUo.ll Sytt_ Checlc. · tn' a 0.00 0.0 4 16. 0 64 NT Z6 . 10 1. 7 1.7 
9 { 2 t~ a 0.00 0.0 4 16.0 64 EN Z9 .150 1.9 1.9 

10 MllC . Herdw.r. 
,. 

,O{J lot 1 8 1000.00 N 1.0 1 '0.0 40 "s 37.10 1.5 Z.5 
•• Stbtotet •• \ . : ~ 

1.0 644 ZI.1 2Z.1 
.- .( " 

•• ws: 1.2 .2.4.2 ,,,, SPe<:troscopy Stl tlon . 
1 OeUcto,,: _hc. eqJlp [ f ·' 1 ~6750 . 00 36 .8 a 0.0 a 0.00 0.0 36.8 
2 MlcroVAX cDq)Utlr ,y. t M 1 '42000. 00 4Z.0 a 0.0 a 0.00 0.0 42. 0 
1 Electra.et.re & Interfac. 1 1575Q.00 15.S a 0.0 a 0.00 0. 0 15.8 
4 El~ton'c cntrl. , fntrfc 1 31500.00 31.5 a 0. 0 a 0.00 0.0 31.5 
5 fluor •• cenc. detector 1 10500.00 10.5 a 0.0 a 0.00 0.0 10 .5 
6 Softw". 

..; I ~ 10500.00 10.5 a 0. 0 a 0.00 0.0 10.5 
7 S~'o cill. end I'IOU'\l . 18900.00 18.9 a 0.0 a 0.00 0.0 18.9 
e Hutch (specie' lr;1 tYPe) 1 31500 .00 31 .5 a 0.0 a 0.00 0.0 31.5 
9 flitch • .,. for u p I ntrch~ 1 4Z000.OO 42.0 a 0.0 a 0.00 0. 0 4Z.0 

.. SUbtotel •• 
Z39.4 a 0. 0 239.4 

•• WS: 1.2 . 2.4. 3 . fII ,l,croprobe .SJatfon ~ 
, Kl rlcpltrlclc-Bal' .atret . 1 26250 . 00 Z6.2 a 0.0 a 0.00 0.0 Z6.Z 
2 HUlttteye r COltings 1 31500.00 31.5 a 0.0 a 0.00 0.0 31.5 
3 Mirror IIICU1tfng, ell;rrmt " 1 52500.00 5Z .5 a 0.0 a 0.00 0.0 5Z .5 
4 S~l. ftOUntin;. w/cntrl 1 10500.00 10 .5 a 0.0 a 0.00 0.0 10. 5 
5 Piezoelectric sCaMl~ 1 ~ 15oo . oo 31.5 a 0.0 a 0.00 0.0 31.5 
6 cor.""t.r S'fIt_ . 1 42000.00 42 .0 a 0.0 a 0.00 0.0 42.0 
7 El~ctronlc cntrl,/intrtcI ' . '0, . 1 31500.00 31.5 a 0.0 a 0.00 0.0 31.5 
a StLI detector/cryo e.,.teM ~; 1 15750.00 15 .8 a 0.0 a 0.00 0.0 15.8 
9 P.rt cat:ah"ed IMge I.,. ";' 1 26250.00 Z6.Z a 0.0 a 0.00 0.0 Z6.Z 

.. Slobtotd -
Z67.S a 0.0 267.8 

•• was: 1.2.3 . 1. 1.1 fiIIe;netfc Hlt~r i el 
1 NOn: Bloclc, .. 30Z0 46.93 va 141.7 a 0.0 a 0.00 0.0 141.7 
2 Gaugtt/fltld Coili/Holdrs lot 1 300.00 EU 0.3 1 160.0 160 NT Z6.10 4.2 4.5 
3 Kt"ur.-.nt Pr. . a 0.00 0. 0 1 ZO.O ZO EN Z9.1IO 0.6 0.6 

• a 0.00 0.0 1 ZO .O ZO EE 52 .60 1.1 1.1 
5 Kt,.urllfllntl ,LOT 1 100.00 EU 0.1 a 0.0 a 0.00 0.0 0.1 
6 3-A.-1, H.C. He" a 0.00 0.0 300 0.4 108 EM Z9.80 3.Z 3.Z 
7 ' -A.-I, H.C. MI" a 0.00 0. 0 zno 0.2 653 EN Z9.1IO 19.5 19 .5 
8 SurflCI HI •• uremen~~ a 0.00 0. 0 3020 O.Z 544 EM Z9 .1IO 16. 2 16.Z 
9 Sl4>Irvl.lon a O ,.~ 0.0 1 120.0 lZ0 EE 52 .60 6.3 6.3 

.' -.' 
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Techn lc. l I~t~ 'C'Ji t Est ima te 

UNiT COST ;~~: TOTAL LBR : :~ ".SI 
COST IASIS ISC 'ks UNTS >" " uNIT 

? :;. ' . . . 
•• Slbtotal •• 

1.1 - ," .~J.Jl 

.". 1 4~"b 
r X "0" 

.. WlS: 1. 2.3 .1. 1.2 Mode' Pole' Pol e Assembl y ". 1 Ndf. Iloc:kl 0 0.00 o· • . 0 . 0 . 4 4.0 
2 Test fi xture & Assembly e. 1 100.00 eu c;, 0. 1" 1 80.0 
3 Model Mt.,ure.entl 0 0.00 ~ .. O 1 40.0 

•• $U:)tot el - < ,',. :.. 

O~ ,· J , 
1,-

•• ws: 1.2.3.1. 1.3 Pole Asst1Ttl 11 es 
15.7-" 1 VINdI~ P.~,. .. 486 32 .40 A85 0 0.0 

2 lCeeptr. •• 486 304 .00 A82 147.7 0 0.0 
3 Keeper l r'IIpKtion ' ot 1 1000 . 00 EU 1.0 486 0.2 
4 Cont. lntr. e. 486 15. 00 Ey •. 7.3 . 0 ' ~~I .O . O 
S "lty FhtturH .. 10 50 ,00 A82 ' : U ' 12 ' 0" 4 ~ 0 
6 ..... ..ely .. 486 10. 00 A82 ' 4.9 486 , 5.0 
7 Pol. As.eMbly Mount . .. 12 350. 00 CP 4 .2 12 32.0 

.. S!.btotal •• 
v .• 

R' 1 ,!.3 ., 
.. W5 : 1.2 .3.1. 1.4 end Pole Ass~l i es 

1 end Pol. Keepers LOT 1 100. 00 EU 0 .1' 8 12.0 
2 Ndf. a lock Cut tint 0 0.00 0.0' 24 4.0 
3 Aller'ItIly • Keepe rs 0 0.00 ,0.0 8 8.0 
4 !totator 0 0.00 0.0 8 32 .0 
5 !totator st ock Cut ti ng 0 0.00 0.0 24 4.0 
6 Au.l. · !tot at or 0 0.00 0. 0 8 4.0 
7 !totator Llnka;. •• 8 100 .00 EU 0.8 .: . t '~ 4.0 
8 Manual !totatr Orv (Optnl) e. 8 500.00 CP 4.0 , '16.0 
9 0 0.00 cO· O~ 8 4.0 

•• S!.btot al .. 4 '! ::~:: ' 

.~",:< , 
Q', ' . 

.. WlS : 1. 2.3.1.1.5 Back ing Beama "\~ ? ' I 
, lacki ng . e_ (2) Las 19200 0. 28 CP 5.4 , . 2 , 304.0 
2 0 0.00 0.0 " 2 16.0 
3 aack ing ae .. Heat Trutmt e. 2 3000.00 EU 6. 0 0 0. 0 
4 flex fble Yoke 0 0 .00 0.0 1 16,0 
5 Sh iN 'o t 1 100 .00 EU 0.1 1 40.0 
6 Pol . Shi.lds lot 1 500.00 EU 0.5 0 0. 0 
7 Pol . Sh ields LOT 12 50.00 EU 0.6 0 0 .. 0 . 
5 !t lgglng Hardwar. 'ot 1 2000.00 EU 2.0 0 0.0 . 

.. S!.btoul •• 
14.6 

•• WlS : 1.2.3. 1.1.6 MI !j1net Structure Assembly 
1 Keeper Installat ion Tool 0 0. 00 0.0 ' I 21 . 0 
2 Keeper Pol. M<ult ASSdl •• 12 100 .00 EU 1.2 'i i 36.0 
3 End Pot . AsseMbly 0 0 .00 0. 0 4 12.0 
4 Pol. MoIrIt/ 8aek ... Any 0 0.00 ~. O 1 24. 0 
5 Pol . Mount/ackg a. Assy •• 12 100 .00 EU 1.2 12 24 . 0 
6 flct.x: falh fng 'ot 1 100 .00 EU 0.1 2 16.0 

.. S!.btoul •• 
2.5 .,, < 

• • WS: 1.2.3 .1. 1. 7 Magnet ic Measurement : Mechani cal ' , 
1 Coil & Probe Mounts 0 0.00 0.0 1 40.0 
2 As.embly Section Setup 0 0.00 0.0 12 12.0 

.. S!.btoul .. 
0.0 

•• was: 1. 2.3. 1. 1.8 Magnet ; c Measurements: Electr ical 
1 Setup A •• embly sect ions 0 0 .00 0. 0 1 16.0 
2 0 0. 00 0': 0 12 4.0 
1 Oat a Acqu i re: A • • y Sectna 0 0.00 0.0 12 3. 0 

8·29 

• , ,; 

><TI 
! OTAl CRAFT CRAFT.,) ; · " .T.QTAl I se + 

HRS OXIE RAT( LABOR KS lABOft KI 

-:-. ~" ... ..... . ·C • 

" I .., ~""'1 "' '' . : . ~ 'I: ." .. . 
1624 PO ',,·51.0 193.1 .. . ~ . ' ;:.,)1'\ . • ,r.' '! . 

!'' ·I t. .... yl~ · ::O f I to' .. ,- . 

" 16 "5 ,37. 10 ._. , . 0. 6 0.6 
80 OT ~ 26.10 (. . ~·. 2 . 1 2.2 
40 EM 29 .8Q,·. " 1. 2 1.2 

.. ; i 
. ,. 136 ' O l 3.9 4.0 

£~';Io.· . G r~). 

" • • 0 0.00 0,0 • 15 .7 
0 0.00 0. 0 147.7 

97 .. 37.10 3 .6 4.6 
.,"" -,9 . 0 .00 " . :. O. O •. e .. 7,3 

48 . ~ 37.10 ·" ' 10· 10 8 : 2.3 
2430· ... 37.10 90.2 95.0 
384 .. 37. 10 14. 2 18.4 

2959 , .. --f: "~ 109 . 8 . 291 . 1 

96" .. 3~ . to < •. 3.6 3.7 
96 OS 37. 10 3 .6 3.6 

.64" 37. 10 .... ' ,2. 4 2.4 
256 .. 37.10 9.h 9.5 
96 M' 37.10 3.6 3.6 
32 .. 37. 10 1.2 1.2 

'. " , .. 32." 37.10 
" "- 1.2 2 .0 

128 .. 37. 10 : ~ { 4. 7 8 .7 
32 .. 37.10 :1 .. 1.2 1.2 

!I" . 
832 .. " , 30. 9 35 .8 

"\:'.' .. ,. ~ G~ 

608 .. . 37.10 22)6 27.9 
32", 37. 10 1.2 . Z 1. 2 
0 0.00 0 .0. 6.0 

16 .. 37. 10 0. 6 0.6 
40 .. 37. 10 1.5 1.6 
0 0.00 0.0 0.5 

: ..... . O. O. OO! 0 . 0 ;?J;\' 
,,. 0.6 

0, 0·00 . ,,, 0 . 0 ; , 2.0 
" -..... " 

696 • 
t ;: 

25.8 ' , 40.4 ~t , 

,. " " .... .. /-.. '.'" 21 .. 37. 10 0.8 0.8 
437. .. • j 37.10 ,, 16. 0 17. 2 
48" ~17 . 10 , 1.8 1.8 
24 .. " , 37. 10 0.9 0.9 

288 .. 37. 10 10. 7 11.9 
32 .. 37.10 1.2 1. 3 

845 ... 31.3 H.8 

" 0 MT " 26. 10 1.0 1.0 
144 .. 37.10 5.3 5.3 

184 6.4 6.4 

, 
16 EE '52.60 0.8 0.8 
48ES 29.80 1.4 1.4 
36EE 52 .60 1.9 1.9 
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Technical components Cost Est ima te . . \;~:. ~., ... ! 'J~' 

I TJlI IT" \JIm ••• UNIT COST TOTAL LBR HRSI TOTAL CRAFT CRAFT TOTAL ISC • 
NBa ~ESCltIPTlCII : ;. ~ -:, . ; t":; lEAS ,. · UNITS "' t _ : C~T IASIS ISC Ie' UNTS UNIT HRS COOE UTE LABOR KI LABOR KS 

r ,' ~_ ~'M . :",-": '~. ., ,. , 
~., . . ' 

4 0 0.00 0.0 12 8.0 96 ES 29. SO 2.9 2.9 , ~.t. Anll~l,~A •• y Sec,", , 0 o , . 0'.00 0.0 1 SO .O so EE 52.60 4.2 4.2 
•• kbtoUl " l'; C " .' c· 

:. . { 0. 0 216 11.2 11 . 2 

" " ~ ? . C 
.... s: 1.2.3.1 " z~, : support Syst~ Fabric.tlon 

1 ~rt ~t_ AII_ty •• ~ " 1 r 40000.00 EU 40.0 0 0.0 0 0. 00 0. 0 40.0 -.. 2 AtioctAttd rP'.~t' 0 lot " 1 2355 . 00 E\J G. 2.4 1 66.0 66111 31. 10 2. 4 4.8 
] "t~Qll"*!!JI ' lot 1 500. 00 EU ;. 0.5 1 50 .0 50 III 31. 10 1.9 2.4 
4 Asa.1y f lot r. 1 7'5.00 EU 0.1 1 181.0 181 ... 31.10 6.9 1.0 

•• S\kjtotll .. :k ," 
42. 9 303 11.2 54.2 

' . '-
•• W$ I J .2 . 3 . 1 :2.2 !. " Drive System Fabric.tl on 

1 101·1., Scr4l'lll A .. eft)l-~ •• 8 3500.00 EU 28.0 0 0.0 0 0.00 0.0 28.0 
, 2 Sprlno Sylt_ I. : , •• , , 1 4104.00 CP 4.1 8 30.0 240 !lei 31.10 8.9 13.0 

3 ... r t". Syllt .. ; ? ;: , . lot 1 , 3120. 00 EU 3.1 1 225.0 225 III 31. 10 8.3 11.5 
4 $prock.t/C~. fn' SYlt .. " lot , 1 1759100 CP 1.8 1 90.0 90111 31. 10 3.3 5. 1 
5 Gt~r lox & MCg. •• 1 1000:00 EU 1.0 1 38.0 38111 31. 10 1.4 2.4 
6 Encoder $~t_ . " 

,. lot '. · . 1 4601:00 tP 4.6 1 40.0 40 III 31. 10 1.5 6.1 
7 M;otor MoI.rItlng, .rKU t (' .~ •• 1 25:00 tP 0.0 1 38.0 38111 31. 10 1.4 1.4 
e fen Syost. , c.. , lot 1 10. 00 tP 0.1 1 38.0 38111 31. 10 1.4 1.5 
9 Mhcell~ 7; (ol, lot t. :l'. 1 950. 00 EU 0.9 1 230.0 230 III 31.10 8.5 9. 5 

10 A, • ..ely <, ': .. ':,' lot e 1 300.00 EU 0.3 1 391.0 391'" 31.10 14 .1 15 .0 
11 RoUer Serf)W Ki,......tc Mnt •• 8 500. 00 .... 4.0 1 120.0 120 III 31. 10 4.5 8.5 

• • S~toul - 0_. 
, 

41.9 1456 54.0 102 .0 

•• was : 1. Z.3 . 1.a.3 Loc.l Tempera ture Control 
1 freut & Curta in lot 1 , BOb,'OO E\J 1.3 100.0 100 ... 31. 10 3.1 5.0 
2 810wr , Dryer Syost_ lot 1 105b.00 EU , 

1. 1 30 .0 30 ... 31.10 1.1 2. 2 
3 MltceUaneO'". lot 1 5b. 00 EU 0. 1 15. 0 15 ... 31. 10 0.6 0.6 

• • St.bto~.l •• , f 

; . · " 
, 2.4 145 5.4 1.8 

:; r , · .. (, 

•• Wls i 1.2.3. 1.3.1 Vac""" ChilTbe r~ f 

1 Vtc;~ Ch~r ., (2 em) . . ( 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
I , 2 Maud al lbo ;·': 2275 2. 21 YO 5.0 0 0.0 0 0. 00 0.0 5.0 

3 Fabrication r. 0 0.00 0.0 2 240 .0 4SO Nt 53. 10 25.5 25.5 
, 4 0 0.00 0.0 2 160.0 320 III 31.10 11.9 11.9 

5 fal.'f'lcate FLing" lot 01 1 2400. 00 EU 2. 4 1 120.0 120 III 31. 10 4.5 6.9 
6 f.Ml q .".,e Transitlcns lot i> . ; 1 500.00 EU 0.5 6 20 . 0 120 .. 31. 10 4.5 5.0 
1 Ass .c.,:c l e/TMt · 0 0 ,00 0.0 1 320 .0 320 ... 31. 10 11.9 11.9 
8 Syste. Assembly 0 0.00 0.0 1 80.0 SO'" 31. 10 3.0 3.0 
9 UHV 81keout 0 0. 00 0. 0 1 160.0 160 ... 31. 10 5.9 5.9 

•• Slbtotal •• ;1 

1.9 1600 61.0 7'5.0 
.::.. 

•• WS: 1.2.3.1.3.2 Pumping Systems , Inltrunentat Ion 
1 Photon Stop/TSP ~ •• 1 20000.00 EU 20.0 a 0.0 0 0.00 0.0 20.0 
2 lem P~/TSP CCifDfnlt l on · •• ..•. 3 . 4391.00 tP 13.2 0 0.0 0 0.00 0.0 B.2 

3 90 dat E I bot< t o """ 
,. •• 3 53O.00CP 1.6 0 0.0 a 0.00 0.0 1.6 

4 Right Anale Vllt.,. v~ I. " r}) 2 816.00 t P 1.8 0 0.0 0 0.00 0.0 1.8 
5 VI t,N Port .'i .. .; ," 2 

, 
206. 00 tP 0.4 0 0.0 0 0. 00 0.0 0.4 

•• Sl.btQut - ;. " 
36.9 0 0.0 36.9 

•• \181 1 1.2.3 . 1.3.3 Support Structur. 
1 Vee ...... Chflli)tr Support lot 1 2000.00 EU 2. 0 1 160.0 160 III 31. 10 5.9 1.9 
2 Ion Pump S~rt. •• 3 200. 00 EU 0.6 3 20.0 60111 31.10 2. 2 2.8 
3 Inst. ll. tlon flxtur. e. 1 ' . 500'. 00 EU 0.5 1 80.0 SO III 31.10 3.0 3.5 

•• Slbtoul •• S 
3.1 300 11 . 1 14.2 

•• waS : 1.2.3.1.3.4 V.cuum Olagnbstfcs .0 

1 IG Controll.r ••• ~ . ~' 1 f 7'55.00 CP 0.' 2.0 2ES 29 . SO 0. 1 0.8 
.; , ' f' 
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IT'" IT" UIIIT 
"'$ 

MaR 
UNITS 

,'"'. " 
IJN IT COST' TO,TAL LBR . HUI ' .'*,l OTAL CRAFT CItA,lf" ' ~ .... iotAl ISC + 

HBR DESCRIPTIClI COST BASIS 1St K' UHTS UNIT HRS CCOE RATE LABOA K' LABOJI: JeS 

2 Ott .. ~l. •• 
] Secord IG MoGJl. • • 
4 ProcH' Control Moci.Jl. eI 
5 Rack ~t eI 
6 .~t. I/O I4ociJl. eI 
7 DUll COf'I'Yectron MociJl. •• 
a UHY Elec tr~t.r Kodule •• 
9 lEEE·48& Interface •• 

10 Mude Ion G.u;e eI 
11 10 Clbl.: 50 t"t .. 
12 Convectron GIUQ' eI 
13 Convectron C.tIle : 50 te.t •• 
14 10 Connector e. 
15 IG Cabl. Intertace •• 
16 Ion PlJIIf) Controller •• 
17 Ion PuIIp C.tIl. eI 
18 Ion p~ Cable Intertte. e. 
19 IEEE·488 Interhee .. 
20 ILC Crate •• 
21 ILC eI 
22 SI.iJUNtlon Controll.r eI 

23 Sl.iJl flllltlon I4UJC eI 
24 FIl.nent Cabl., set 

•• Sl.iJtot.l .. 

•• WlS : 1. 2.].1.4 
1 Motor HHln 
Z 
] Fen1n 
4 NMln Dri .... r 
5 
6 Controll.r 100010 
7 ",.t" 009 
a Indexer ICont. 
9 Card Cage 

10 P. $. PS051Z 
11 UPS 
12 RectUon Cont . Readout 
13 Final Inst.lIat ion 
14 FiNl Test 
15 S"op Installat i on 
16 Shop Test 
17 ILC 
18 ILC Crate 

•• Subtot.l -

Control Sys tem .. .. .. .. 
•• .. 
•• .. 
•• •• 
lo t 

lot .. 
ee 

I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
3 
3 
3 
3 
1 
5 
1 
1 
1 

1 
o 
1 
1 
o 
1 
1 
1 
1 
1 
1 
5 
1 
o 
1 
o 
3 
1 

150.00 CP 
75 .00 CP 

350. 00 CP 
50. 00 CP 
30. 00 CP 

400. 00 CP 
400 . 00 CP 
360 .00 CP 
311 .00 CP 
195.00 CP 
139.00 CP 
Z10 . 00 CP 
10.00 EU 
50.00 EU 

1943. 00 CP 
223.00 CP 
100 .00 EU 
498.00 CP 

1000.00 EU 
1000. 00 EU 
2000.00 CP 
ZOOO.OO EU 
500 . 00 EU 

1565.00 va 
0. 00 

ZOO. OO va 
33Z1.00 va 

0.00 
n6 .00 va 
158.00 va 
682 . Z0 va 
614.00 va 
Z7B .oova 
350. 00 EU 
176.00 EU 

3000.00 EU 
0.00 

ZOOO .OO EU 
0.00 

1000 .00 EU 
1000. 00 EU 

•• ws: 1.2 . 3 . 1.5.1 "'.gntt fc Measurement s : "'tehanlcal 
1 Cof l , Probe "'~ts 
2 Auen'bl V Sect f on S.t~ 
1 cofls 
4 Gap Spacer. 
5 ID s.t~ 

•• Subtotel •• 

o 0.00 
o 0.00 

•• 2 105.00 eu 
o 0 .00 

lot 1 315.00 eu 

•• WlS : 1.2.3.1.5.2 "'.gnet ; c Measurements: electrical 
1 S.t~ ASI-*,lV Sections a 0 . 00 
Z 0 0.00 
1 Dati Ac~fr.:AISV Sect i on 0 0.00 
4 0 0.00 
5 Oate ANtvs fs :AssV Sectns 0 0.00 
6 Cat Ibrate Null Co i l 0 0. 00 
7 0 0.00 
8 Code Soft~re Coil P., .. t 0 0 . 00 

0 '; 
.. ,o-:te: "I., I'Ot l)4 '< , ... :' O!O' "",0" 0 , 0.0 

0.0 
0.0 
1.0 

0.1 0 o 0.00 ·" 0:0', 
0.3 0 o 0.00 0.0 
0. 1 1 

...o , O~ : . ,0 ' .... ,: 0.0 n~ . 
1 ES Z9 . SO 0.0 

,~O 0.00 ' l 0.0 ~'. 
. _ 0.:4rr · 0 0. 0 O Jl_\~'· iH O·.oo yt _" :O ~ O \ 

:·(Ol4 :;;·. 0 0 . 0 H . 

0.0 
o t:O ~OO t"o!- : & ! ~ ·l3··!d· 

_.' ~. IJ,"O~ :' 0 o O~"""\!I :I I!I-tt'd 
0.3 1 1.0 1 MS ]7.10 ' ~''O'; '' 
O.Z 1 1.0 1 ES 29 .80 " 0:. "O':d": i' 
0. 1 1 1. 0 1 M$ 37. 10 0 .0 
O.Z 1 1 ES Z9. SO 0.0 
0.0 -, :1- ,.' 101 NS ]7-.1t1 ' '0.0 

I.: 0.1 . 1 

1.0 
d .O · ' '" 
4.0 !~ 4 is :"'.0:1 "29.80'":-<: ' " l) :'1 

,5.4 ' 3 
c; 0.1," 3 

2.0 ' . 6 ES 29 .. eatvi' "r '0.·2 
4.0 "!~. : 

4.0 ,,, ; 
0.0 ' 0; 

40.0 J~ 

40 .0 fl' 

4.0 ' "I 

eo.O ~ ;. 

40 .0 ;-C J 

12 ES 29.W · .. ·• ~ '0.4 
, " " Q.:3" 3 12 n · h '29 .80 ': .;e r "0:4 

:J~1.5 O ! o 0.""00 " ,oI;O~ 0 . 0 
::)1:0 1 40 ES 29r51J ·-- i: " . ...::q~"2 
~i5..a 1 40 U · X ' ~ao· · ~· ' " f1'.~ 

, Z.O, 1 
Z.,O.' 1 

4 E$ Z9.SO " 0.1 
SO ES Z9 .to'· "' Z.4 

;, ;0. 5 : 1 40 ES Z9 .SO 1.2 
~.. ·f , .. 

ZZ .3 Z46 

11.6 '(,0 ."~ " 0.0 .,'. ' 0 
c", , 0.0' 
',', ,O.L ' 
.:? . 3, 3: 

o f 0.0 '0 0 
o 0.0 ,', 0 ,,' 
o 0.0 0 

0.0 
0.8 
O.Z 

• 0.7 
-0.6 
0.3 

(0.3 
0.9 
t:J.O 

'A·O 
02 .0 
-0.0 
3.0 
1.0 

17.8 

M 

o 0.0 0 
o 0 .0 0 
o 0.0 0 
a ?-,,0. 0"',: 111..1.- . 0 
o 0.0 0 , ' 
o ,0.0 0 
o 0.0 0 
o 0.0 0 
1 80.0 .{. 50 EI 
1 40 .0 40E"' ! 
1 40 .0 40 EI 
1 40. 0 40 EM 
3 8.0 Z4 EM 
1 40.0 40 EI 

Z64 

'., 'ci:o 
~. LO. O 
;; '0.2 

, . 
" lZ 

Z 
1 
1 

~ 40 .0 
, lZ .0 
S lZ0.0 
~ 24.0 

, . ,." 
" '140 ""ho 
,,·.,144 ",, -
.. ,240 I«J 

'. '" 

Q.O 
0.3 

0.5 

0,.0 1 
0,.0 lZ 
0.0 lZ 
0.0 lZ 
0.0 1 
0.0 1 :- :, 
~O' 1 
0. 0 1 

160 .0 

16. 0 
4.0 
3.0 
8.0 

SO .O 
ZO.O, 
ZO.O 
8. 0 

$t 24 IiIJ 
160 .. 

1', 16 EE 
... ,~ 48 ES 

36 E£ 
96£1 
SOU 
ZO EE 
ZO £S 
8CP 

7.4 

O.~ ' , :, , 0.0 ' , 
0. 00' ,: .' * .0 
0.00" .. ·~O.O~ 
O . OO")~L .• 0.0 
0.00 .. .. ·' 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
O. OO-. ,M: I -9 .·0 
0.00 .,.I")t' O ~ O 

0 .00 " , " 0;0 
0.00 0.0 

29.80 , . 1 ;4 
.. 29.80 1.2 
29.&O "!.· 1.2 
Z9;SO '1.Z 
29.80 .,.~ . ..: 0.7 
29.80 .. ; 1.2 

7.9 

" 1.~ ' 

.. ,' ' . 

35.SO 
37.10 
35, SO 
35 . SO 
37. 10 

5.3 
~" 8. 6 
' w :' O. 9 

5: 9 , 

52.60 
Z9.SO , 
5Z .6O 
Z9.SO 
5Z.6O 
52 .60 
Z9.80 
5Z .6O 

ZZ .Z 

0.8 
1. 4 
1.9 
Z.9 
4. Z 
1.1 
0.6 , 
0.4 

0.1 
0.1 
0.3 
0. 1 
0.0 
0. 4 
0.4 
0.4 
0.3 
O.Z 
O.Z 
O.Z 
0.0 
O.Z 
6.0 
1.0 
0.7 
1.5 
Z.Z 
6.Z 
Z.1 
4.4 
1.7 

Z9.6 

1.6 
0.0 
O.Z 
3.3 
0.0 
0.8 
O.Z 
0.7 
0.6 
0.3 
0.3 
0.9 
5. 4 
1.Z 
3.Z 
1.Z 
3.7 
Z.Z 

Z5 .7 

1.4 
5.3 
8.8 
0.9 
6.3 

ZZ .7 

0.8 
1.4 
1.9 
Z.9 
4.Z 
1.1 
0.6 
0.4 
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" ., ~~T'«hnfc.l · OorTponentl COlt Estimate 

IT" Ifill I ' 1 >,f 1 ~ : H i< .. . . lIII1 ?~8R ~ , UNIT-.cosT 
Nil OESCIIIP"T.lC* :,. /. J.l'. <sMEAS 'UIUTS , COST ~BASJS 

9 
. ~ 10 ID Setl4l: U t!Ctrcnfc ? JO S~ 

I 11 C ', ~ l~. W: 
12 ID Setup: ElfICt.rfc.1 t;~ n 

1] ID I D.ta ACCJ,IJ.JUon :>,.. <~?:' 
14 

;.. 15 ID;.t).lt. AnllYlI. c .~ 
16 o.t. preper.tlon 
17 ale Verification 
18 '.' <' , ~ .. . 
19 Shutdowv'.tor. 
20 ~ H .. , 

•• Sl..C)tot.l - ~jol : -; . 

I.,. , ~ , 

o 
O. S? 0 
:i .~ ;O 
"l. l -C 0 
LI. t'~ 'O 

o 
o 
o 
o 

iL2 0 
o 

:: . ... ... ,I( ::~ v. li.! 
•• was: 1 .• 2.3.1.6 ~.'-, .. Irist.Uatidn ~ 

1 Pr.,..,. & Trur.k ·to Sire· >tlot . . :.~ , 

2 .Igger l • Work rr ' I:' C. ' : 0 
3 SUrvey' AIIgnMnt ,It (:: : 0 
4 Inltalletlon lot 1 
5 VIC~ HocMc:t.,.:>/puIIpiown ~..a·ot 1 
6 UlnaUl I T~ Ctrl Housg a 
7 Mf.cellaneoua 0 
7 MhcelllneOUl':-:.1 0 

:, •• SLbtoul·· ), ~ (. ~I 

. ' . 
C ! n:! c.. 

: .. WS: 1.2.3.2.1.1 . Flud ApertLIf" 
1 W.ttr cootd .btorbr ISSA'C la :' . 0 1 
2 8raZlna fh:turH/tooliOi i: " 01 . 1 
3 A,,-.ble \. c .• .s0 
4 Survtv/c.lfbratfon ~. ' a 
5 VIC ; check. 'blkeout ~ ~ e. ~ .~I l 

.. SLbtoul •• 

•• WlS : 1.2.3.2.1.2 PBPM " 
1 Photon .PM Sy. te_ .... .. .. 
2 VK\.UI chantMtr.: .~ eI 
3 '-axfa tranaltn .mc;hani,sm', •• . 
4 Allefti)te ,,: .••.• 'eI 

5 TInk Mou'Itfng .H.f~rt~': Co el 
6 Survly/c.libr.tfon 
7 S~t:t po.t ~ _foI ee. 
I 8.keout & 'e.k check, <. ~ •• 
9 Pre· fnat.lt.tion~ ' z .. 

'0 LCW herdwere , cort'lCtionl .. 
•• Slbtot.l·~·" 

.. · Z 
,/ 1 
'. "Z 

Z 
· 6 

~' 0 
, •. '1 

a:; 1 
£.10 

1 

0.00 
0 "-'00 
0;00 
0:00 
0.·00, 
0.00 
0:00 
0.00 
0.00 
0 ; 00 

.' OJOO 
0.00 

525.00. IU 
0.00' 
0:00 

315.00 IU 
105.QO,' eu 

0.00 
0.00 

1; 0.00 

t 
... :.v 
. 500.00;"" 
. 200.00'· ..., 

0.00: 
O.()O) 

50.0a.' eu 

- <. 

1500.00 .86 
6000.00 eu 
2500.00' eu 
500.00 '", 
200.00 , ,,,, 

0.00 ' 
3000.00 · eu 
, '00.00; IU 

0.00· 
300.00eu 

c 

•• was: 1.2.3.2.'.3 "Front End pRoton Shutter l 
1 Th .... ' eblorber blldH ~ !Hot \L~ t 1350.007w 
2 VlClUI ch.ar t:, >t lot o _ ~ 1 6700.oo:.1U 
3 ICl'lJCkl .... ..al)' ;· ~2 olot ' .(·,: 1 250.00 IU 
4 flNI A.ubly/lnitll.tf'ond ot 6' 1 1600.00 IU 
5 ~rt poIt O.a o~ , 200.00 IU 

, e. $lotItot.t, •• v.... 6' 

•• WlS: 1.2.3.2.1.4 FISt V.lve 
1 IitOdffftd F .. t Shutter e. 
2 AufdJle , Test t .. 

•• SlotItotel •• 0 

t~ G' 
~: ... ,. 

ZOOOO.OO eu 
100.00· lu 

I f _~ 
I ( 

TOTAL LBI 
I·se 1(1 UNT$ 

0.0 
.r, O.O 
.- 0. 0 

N .... 0.0 
" 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

0.5 
0.0 
0.0 
0.3 
0.1 
0.0 
0.0 
0.0 

0.9 

0.5 
0.2 
0.0 
0.0 
0.1 

o.a 

3.0 Z 
6.0 0 
5.0 Z 
1.0 Z 
1.Z 6 
0.0 1 
3.0 0 
0. 1 1 
0.0 1 
0.3 1 

19.6 

1.4 
6.7 
O.Z 
1.6 
0.2 

10.1 

ZO.O 
0.1 

ZO.l 

,"" '-.. 

Z 
1 
1 
1 
1 

o 
1 

HRSI 
Ullil 

a.o 
16.0 
40.0 
40.0 
40.0 

Z40.0 
40.0 
eo.O 
ZO.O 
ZO.O 
ZO.O 
40.0 

eo.O 
50.0 
46.0 

100.0 
40. 0 
40.0 
50.0 
50.0 

lZ0.0 
ZO.O 
eo.O 
16. 0 
eo.O 

160.0 
0.0 

40.0 
60.0 
4.0 

3Z.0 
0.0 

eo. O 
eo.O 
ZO.O 

68.0 
3Z0.0 
99.0 

Z54.0 
40.0 

0.0 
60.0 

8-32 

TOTAL ClAFT CRAFT TOTAL ISC • 
HAS COOE RATE LABOA 1(1 LABOR KI 

aEE 
16 EE 
40 ES 
40 ES 
40 EE 

240 ES 
40 EE 
eoEs 
ZO EE 
ZO ES 
ZO EE 
40 ES 

9za 

eo ... 
50 ICO 
46 INT 

100 INT 
40 INT 
40 INT 
50 1"1 
50 IMT 

456 

lZ0 0$ 
ZO .. 
eo 0$ 
16 0$ 
eo 0$ 

316 

320 NS 
o 

eo 0$ 
120 NS 
24 NS 
3Z "$ 
o 

eo 0$ 
eo 0$ 
ZO 0$ 

~6 

136 MS 
3Z0 0$ 
99 0$ 

Z54 0$ 
40 M$ 

1149 

o 
60 0$ 

60 

5Z .6O 
5Z .6O 
Z9.eo 
Z9.eo 
5Z .6O 
Z9.eo 
5Z.6O 
Z9.eo 
5Z.6O 
Z9.eo 
5Z.6O 
Z9 .eo 

37.10 
64.70 
64 . 70 
64.70 
64.70 
64.70 
64.70 
64.70 

37.10 
37.10 
37.10 
37. 10 
37.10 

37.10 
0.00 

37.10 
37. 10 
37.10 
37.10 
0.00 

37. 10 
37. 10 
37. 10 

37.10 
37.10 
37.10 
37.10 
37.10 

0.00 
37.10 

0.4 
o.a 
l.Z 
l.Z 
Z. l 
7.Z 
Z. l 
Z.4 
1.1 
0.6 
1.1 
1. Z 

34.6 

3.0 
3.Z 
3.0 
6.5 
Z.6 
Z.6 
3.Z 
3.Z 

Z7.3 

4.5 
0.7 
3.0 
0.6 
3.0 

11.7 

11.9 
0.0 
3.0 
4.5 
0.9 
l.Z 
0.0 
3.0 
3.0 
0.7 

za.o 

5.0 
11.9 
3.7 
9.4 
1.5 

31.5 

0.0 
Z.Z 

Z.Z 

0.4 
0.8 
l.Z 
l.Z 
Z.l 
7.Z 
Z.l 
Z.4 
1.1 
0.6 
1.1 
l.Z 

34 .6 

3.5 
3.Z 
' .0 
6.8 
Z.7 
Z .• 
3.Z 
3.Z 

28.Z 

5.0 
0.9 
3.0 
0 .• 
3.0 

lZ.5 

14.9 
•. 0 
8.0 
5.5 
Z. l 
1.2 
3.0 
3. 1 
3.0 
1.0 

47.6 

6.4 
18.6 
3.9 

11.0 
1.7 

41.6 

ZO.O 
Z.3 

ZZ.3 
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T echni C81.' ~ CO'Cf'OOfntl ::.CrCISIb'JE.t i mett 

ITN ITM 011 IT .... ••• UNITS 
UNlT COST ' · ... T.OTA"" ~ LBI "'-HRS/ 'T()TAl CRAFT C .... FT TOTAl,; ] Ise. 

NIR DESCRIPTlC* COST .IASI S {: . tSC "S :UNTS .. UWlT i A.:1fIS cooe UTE Li sD,CICI·:,-, LASOIl KS 

.. WS: 1.2.3 . 2.1 . 5 
t Llad Phqlr 
2 VKt.UI syse. 
3 ActUitor Hardware 
4 A •• .-bt. & Te.t 

•• S!.bloul -

•• was: 1. 2.3.2. 1.6 
1 Photon IPM $'fIt_ 
2 yac: ..... ehlllOtr 

Pe'tonnel Safe ty Shut. 
I. 1 550.00 IU 
.1 1 501'5 . 00 eu 
•• 1 2700.00 A87 
.1 1 2400 . 00 eu 

P8PM ' 2 

•• Z 1500 ,00 0486 
e. 1 6000 . 00 eu 

3 '-uh tr.,...lt" ..ch."i.,. •• Z 2500. 00 eu 
4 Au_l , .. Z 500 . 00 eu 
5 Tent Mount ing H.r~r. •• 6 200 . 00 IU 

6 SUrvey/cal ibration 0 0.00 
1 S'4lPOrt poIt .. 1 3000 . 00 ..., 
8 aekeout , le.k check. •• 1 100. 00", 
9 Pr.-il'lltIUlt ion 10 0 . 00 

10 lC\l h.rdwtir. , cornctiona • • 1 300. 00", 
•• SlJ)toUl •• 

... WI : 1.2 . 3. 2.1.7 Front End Vacuum SysteM 
1 aellow. A.ltMbly •• 2 2200. 00 A86 
2 , - UHY Isolat ion valvI • • 1 10000 . 00 cp 
3 6- UHV Isola t ion Val vI .. 2 13000.00 cp 
4 , - Pi pe Tee/spool .. 2 1500.00 eu 
5 Spool Support Poat • • 1 500.00 eu 
6 Shleldng Wall Trant it ion 
7 Nil' UHY Ha rdw.r. 

.. 1 2500.00 eu 
l ot 1 2500. 00 eu 

S a. keout/le.k check l ot 1 500 . 00 eu 
9 S •• • REM to conU.t .. 1 300. 00 cp 

10 SUrvey-/ul ibut,IM o 0 . 00 
• • Slbtot.l •• 

•• WS : 1.2 . 3 . 2. 1.8 front End Mechanical 
1 Assemle/leak check l ot 3 
2 Tr..,.por tt .. t ·~ lot 4 
3 Un latr itt .l ae h.rdw. re lot 1 
4 Tools' Mise lot 1 
5 Misc . IIIKh ine shop l ot 1 
6 Leed Sheilding ' nat .Uat n lot 1 
7 Sh l .ldlng W.ll rnod lfl eatn l ot 1 
8 f . E. Sl4lPOrt h it • • 1 
9 Surv.y , Aligrment lot 1 

• • Subtot. l •• 

, ,.t.ll. t lon 
500.00 eu 
200 . 00 eu 
500 . 00 ... 
500 . 00 ... 
500.00 eu 

3000 . 00 eu 
500. 00 ... 
500. 00 eu 
ZOO.OO ... 

•• was : 1.2.3.2.2. 1 Fi xed Aperture Cont rol • 
1 VeelAll feedthru •• 1 ZSO.OO ... 
2 ElectrONt.r .. 1 2795.00 ep 
3 Eurocard Crat. •• 1 800.00 eu 
4 ILC .. 1 1000.00 ... 
5 Cabl .. lot 1 300.00 ... 

.. 6 InstaU.tlM 0 0 . 00 
7 Test 0 0 .00 

• • Slbtoul •• " 

•• was: 1.2 . 3 . 2.2 . 2 paPM .1 Contro ls 
1 Ion P~ 1l0/LS .. 1 4~O . 00 ep 
2 Ion PI.JI1) PS •• 1 ZOOO.OO ep 
3 I I •• Powr Supply •• 1 5oo.oo.eu 
4 Vac: ..... feedthru •• 5 250.00 ... 
5 IlC , .ax .. Z 1400 . 00 ... 

! ~ .' 
Or6 " 
5.1 (' 
Z;1 
z,;4 
0', . ( 

11t~ l O 
J. 
::-.~ 

3.11 . Z 
6 , 0 0 
5.0 Z 
1. 0 Z 
1.Z 6 
0 . 0 1 
3.0 0 

, 0·.1 . 1 
1U 0 1 
0.3 1 ,. 

,y19.6 .. 
:Jl 

4: 4 0 
10. 0 0 
Z6.0 0 

3. 0 0 
O. ! 0 

( , aJ5 "I 0 
. Z·.! (" .• 1 
O: ! c 1 
0: 3 I 

.~; 0)0 ',~ 2 

49 .1 

.. « 1. 5 · ' 3 
'J~ 0.8 4 
~~ 0.5 . , 
;· 0.5 1 

O.! 1 
3 .0 , 1 
0. 5 .•• 1 

'.' 0 ... 5 ~ ,- 1 
0 ~2 1 

A .. . • 

8 . 0 

0 . 2 I 
,, 2 .. ! , l r l 
'iO.! :,[1' 1 

" ·1. 0 . 1 
0 :3 1 
0 .. 0 I 
0 . 0 1 

5.1 

.., .... ', ~ , 

4, 4 108 . .. .. ' 1 
Z. O 1 
0.5 1 
1.2 5 
2.8 Z 

c 
C 52.0 
(190.0 

" eo.O 
ll56.0 
C 

" C 

160. 0 

" 0.0 
40 . 0 
60 . 0 

4 . 0 
3Z . 0 

0 ,0 
, eo.O 

110 . 0 
( 20.0 
r 

( 0 . 0 
0 . 0 
0.0 
0 . 0 
0, 0 · · 
0 . 0 

· 40 . 0 
. 110 . 0 , 4.0 
'· 16. 0 

516. 0 
' 32 . 0 
'. 40 . 0 
" 0 . 0 
.,40.0 
110.0 

100 . 0 
lZO . O 
103 . 0 

1'1: 8. 8 
t 8.0 
16.0 

" 6.0 
16.0 

140.0 
16. 0 

r 
' 16.0 
16.0 
8.0 
2.0 

16. 0 

5Z . S ~ . "17 .!tO i :; ~ q...' 1. 9 ": .' Z.5 
190 " S 31.10 7. 0 l Z. l 

110 •• . .37.1& ·" :0· · 3 . 0 5.1 
156 •• " .. !t1. ·1~ ·· . ... ,,' <5.8 8.Z 

478 ~ i "'· . fF' "" 7~ ;" 28 . 5 
rr 'f,' ,~¥" \a. 

';" -' , :. \ C' ': 
3Z0 •• 31.10 11.9 14.9 

0 O\,.oo .{) '1" ....... ' o ~ o .r' 6.0 
110 •• 31. 10 3 . 0 8.0 

l Z0 .S 31. 10 4\5 ·.'·· .. · 5 . 5 
24 "s 31. 10 0 . 9 2. 1 
32 •• 37.10 1. Z 1.Z 

·r . .. '· , D:I 0 .00 c .. . !. ~ . O . . "- 3.0 
)(o ,eo MI' 37. 10 · ' • ! -S-~O': ~ ' , ; 3.1 

110 •• 31. 10 ·" · ' 3·.0. 3.0 
ZO . s 311'1 0 

., il,1 1.0 
;tJ ,. . ., •• : ill • 

.,756 ,. 'f~ , . . )...~ ... - 28 :0 : /1\' 47. 6 
¥ • . ..:~ . u-;., • < 

" .. '< .. ,, '~ Il , 

0 0.00' • !i'·" · · 0 . 0 , ~ ~ 4.4 
0 0 . 00 1>0 00 .J,.;- . 10.0 
0 0 .00 0 . 0 26. 0 
0 0 . 00 0.0 3 . 0 

<:'J '"':' 0' ~ 0.00. 1 '; ! . 0 . 0 ,- ' · 0.5 
O·· ·e ... , 0 . 00 ;;" .:..c;.: O;O"·" Z.5 

'~ 40 teS 37 .. 10 ' . , I~ .'1151' .; " 4.0 
110 .S 31 . 10 !\ •. Jo-.-o ... . .. 3.5 

4 .S 31, 10 ;. I t: : ' 0, 11'. 0.' 
· 3Z •• . 31.10. I · I~ ... ·,· 1.2 ;t 1. Z 

' f":! : 

156 5 . 8 55 . 5 

~ ... ' .. ' , :.; ., 
. 48 .., 35 ,110 , 

~. 7:," 3.Z 
128.., 35 .eo"" ' 4 .. 6 . 5. 4 
40..,· 35.110 1: 4 · 1.9 

... 40 teS 31.10 1.5 Z.O 
,.40 "S 37i '0" 1. 5· 

, 
Z.O 

110.., 35 .110 2\9 . 5 .9 
100 .., 35 .110 3.0 .·, 4. 1 
lZO •• 31.10, 4'. 5 .11 ' l 5 . 0 
103 •• 31. 10 . , ~ . 3 .8 , 4.0 

. : ;)(1f'o. . . . • .r. " 
.. , 

699 ·' 25 . 4 .. ' 33 . 4 

e-.... , . ·a,MU 35.110 ;, 0.3 0.5 
,8 EI '-,.. Z9.1IO .. ' .. 0 . 2 ... 3.0 
16 ES 29.30 ..... · 0 . 5··. 1.3 

N 16 ES 29.84'(· 0 . 5 1. 5 
'.·16rf:1 ;" . 29 , 80 0 . 5 0.8 
.. 40 ES Z9.1IO 1. Z . 1.2 

16 E. Z9.1IO Q.5 0 , 5 

lZ0 3 .6 8 .8 
,, ', 

" ~ 1 6 "S 31. 10 0 .6 5. 3 
16 ES Z9.1IO 0.5 2.5 
8 1S Z9.1IO O. Z 0.1 

10 MS 31. 10 0.4 1.6 
3Z IS Z9.1IO 1. 0 3.8 
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IT" IT" "'_ 
.11 DESClfIPTI(JI 

::; " --" 

"' \1.,. - '. 9::; 
~:,t._~ ;! ; :. 

, . /!IBA 
U~l!S 

6 UlCtr~tI,. 
7 EurQClrd erat .. ,,, ,?( 
a Motor Controll~(r ,.; 
9 Wet,,, "T..., Ccwi~r~.l'ltr 

10 c.bl . . . '~ . ~ 
11 'Mutt'tlon ~ .. . ~ 
12 rftt '" 
13 flOClf S"tteh 
14 Ion G ...... 

~ •• $lJ)totil - (,rl , :' 

.:: CJ.: . 
•• .. s: t ~ 2.3.Z.2. tj· · 
. , Ion .""", 400 1,7~" 

2 Jon PuIIp PS ;~. 
31on.- ~ .. 
4 ILC , .5aX '"", _. 
5 ... 1;11... I ndl ~.ior. 
6 AI,. ;soltnOfdl ; :' : 
7 Ai,. ~r;r.' Intt'HOiCk 
a 'Mt,' .tfon . 

~.i. 9THt ," :~.~ 
•• S!.btoul' -

,:: " "/;:' , 
,:,. ~. WS: 1.2:1 3 . 2.2 . 4: ( 

.' , Ion ~oilo. ,r.:,. 
z T"f8~1f Unft :-.' ,,: 
3ILC r' ~ iJ' 
4 Euroe.i"d Cr.t. ,. 
5 lnaull.t ion 
6 'nt\- < 

•• S!.btot.l •• 
, . 

~. ~. was: 1 ~ 2: 3.2.Z.S C( 

:" 1 Ion eliFlP 200 l/I :.: 
(' ~ 2 Jon P~ PS 

:5 Ion ~aug. 
4 IlC & 58. 
5 PositiOn Irdlc.tors 
6 Air Solenoldl :, ~.-: 
7 Air Pres. InteSJ~ 
a Inst.ll.tlon .. ' .. : 
9 THt .~ ' . 

. • ~ S!.btot.l ,-

~ •• WS: 1 ~2.3.2.2.6 ( 

.. I Ion Pc- t10/L~., · ;; 
2 Ion p.~ PS ~. ;~ 
:5 81 .. Power Sf.4:IPCy, ,. 
4 VIC ..... Feedthru : . 
5 ILC & SIX .. ~I 
6 Eltc~rc.ettr u: r 
7 EuroCard Cnt • . · "~:' 
a Motor Controll.r 
9 W.ter. ,~ Controll.r 

. 10 Cabl.. ' 
.11 IMt.ll.tton 
12 Test 
13 flou Swl teh 
14 Ion Gaug. 

•• S!.btot.l •• 

•• •• 

1695.00 eu 

i
800 ·QO,,,, 
400.00:tu 
975.Od ~tP 

5~:~,... 
O.Q9 , 

'00.0:0", 
3000.00 eu 

c.., :; 

~f3: ~; -:: C\" ~ . ( 
, , 0 ( e 0 

fa~"t Va lve ~oi1trolS ib . ' . 
.' .t. ~:.\ 3, 5'00000''*''~ 
.-,. •• " (l ~.00,eu 
f" - ... ~. r 1 l~OO.O~'f:eu 

~. ,) .. ' 1 'aoo.olJ'eu 
~~ : ~ ~:gg . ~ ! 

, . ' C' . 

~!r~~el 
, ~ !~ 
, ~ ~. 
'j !' ,. 
"~ itt 

- " . !~ 

~ .;"S' t ~ S 

sa~ eH: Shut~.,. conlro,s 
t ' ~J 5~0.OO cp 
. ', I 1975.00 cp 
: ~ I 3boo.oO eu 
, "I 'tOO.OO ou 
: .: I ~oo.oi)'''' 
, . 4 !OO.OO· ... 
t. . . 1 SOO.~ eu 
.- 0 0.09 
.. ' 0 0.00 

tr.t :i 

'"1 " 

475. o.~ · cp 
2000. !p 
500. . 
*50.~ ' ;:: 

1400.00 eu 
1~95.04'" 
800.00 ' ... 

2400.0Ir ... 
1975.~ cp 
500.00 ... 

~:~ .-

4oo.ooeu 
3QOO.~ . ,!" 

. "TOTAL LSA 
I~.~ KS UNTS 

r. '· ·, 

6.8 
· 0,8 
: 2 :. 
· 2.0 
= ~O . 5 
· 0.0 

0.0 
0.8 
3.0 

:a7.6 

. 9 .9 
• 2.0 

3.0 
I.' 
0.5 
2.0 
0.5 
0.0 
0.0 

19.3 

9.0 
... 5.0 
.,,1.0 

0.8 
0.0 
0.0 

15.8 

5.9 
2.0 
3.0 
1.4 
0.5 
2.0 
0.5 
0.0 
0.0 

15.3 

4.8 
2.0 
0.5 
1.2 
2.8 
6.8 
0.8 
2.4 
2.0 
0.5 
0.0 
0.0 
0.8 
3.0 

~.6 

4 . , 
1 
1 
1 
1 
1 
2 
1 

, , , , , 
4 , 
1 
1 

3 
I , , 
I 
I 

, 
I , , 
I 
4 , , , 

1 , , 
5 
2 
4 
I , 
I 
I 
1 , 
2 , .. 

HUt 
""IT 

4.0 
'6.0 
16.0 
16.0 
16.0 
40 . 0 
40.0 
'.0 
8.0 

8.0 
8.0 
8.0 

16.0 
16.0 
8.0 

16.0 
40.0 
24.0 

8.0 
80. 0 
'6.0 
16.0 
40.0 
40.0 

8.0 
8.0 
8.0 

16.0 
16.0 
8.0 

16.0 
40.0 
24.0 

16.0 
16.0 
8.0 
2.0 

16.0 
4.0 

16.0 
'6.0 
16.0 
16.0 
40.0 
40.0 
4.0 
8.0 

6·34 

TOTAL CRAFT CRAfT TOTAL 
HRS CCXlE RATE LABOR KS 

16 ES 
16 ES 
16 ES 
16 MU 
16 ES 
40 ES 
40 EM 
8MU 
8ES 

258 

8MU 
8 ES 
8 ES 

16 ES 
16 ES 
32 MU 
'6 MU 
40 ES 
24 EM 

168 

24 ES 
80ES 
'6 ES 
'6 ES 
40 ES 
40 EM 

216 

8MU 
8 ES 
8ES 

16 ES 
16 ES 
32 MU 
16 MU 
40 ES 
24 EM 

168 

16 M5 
16 ES 
8ES 

10 MS 
32 ES 
16 ES 
16 ES 
16 ES 
16 MU 
16 ES 
40 ES 
40 EM 

8MU 
8 ES 

258 

29.80 
29.80 
29.80 
35.80 
29.80 
29.80 
29.80 
35.80 
29.80 

35.80 
29.80 
29.80 
29.80 
29.80 
35.80 
35 .80 
29.80 
29.80 

29.80 
29.80 
29.80 
29.80 
29.80 
29.80 

35.80 
29.80 
29.80 
29 .80 
29.80 
35.80 
35.80 
29.80 
29 .80 

37. '0 
29.80 
29.80 
37.10 
29.80 
29.80 
29.80 
29.80 
35 .80 
29.80 
29.80 
29.80 
35 .80 
29.80 

0.5 
0.5 
0. 5 
0.6 
0. 5 
1.2 
1.2 
0.3 
0.2 

8.0 

0.3 
0.2 
0.2 
0. 5 
0.5 
1.1 
0.6 
1.2 
0.7 

5.3 

0.7 
2.4 
0.5 
0.5 
1.2 
1.2 

6.4 

0.3 
0. 2 
0. 2 
0.5 
0. 5 
1.1 
0.6 
1.2 
0.7 

5.3 

0.6 
0.5 
0.2 
0.4 
1.0 
0 .5 
0.5 
0. 5 
0.6 
0.5 
1.2 
1.2 
0.3 
0.2 

8.0 

ISC + 
LABOR ICS 

7.3 
1.l 
2.9 
2.5 
1.0 
1.2 
1.2 
1.1 
3.2 

35 .6 

"0.2 
2.2 
3.2 
1.9 
1.0 
3 . I 
1. 1 
1.2 
0.7 

24.6 

9 . 7 
7,4 
1.5 
1.3 
1.2 
1.2 

22.2 

6.2 
2.2 
l .2 
1.9 
1.0 
l. I 
1.t 
t.2 
0. 7 

20.6 

5.3 
2.5 
0. 7 
1.6 
l.8 
7.3 
1.3 
2.9 
2.5 
1.0 
1.2 
t.2 
1.1 
3.2 

35.6 
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UN ITN UNIT 
MEA' ". UNIT COST ~ : ~QT~~~' 'U. ~H':SI 

COST BASIS I '~ d UMTS "UNiT MB. DUCRIPTIC* 

•• WS: 1.2.3. 2. 2. 7 
a X·COf"f'lect 
1 Celt Set 
3 •• la." blockl 
4 48 Chen Opto·flolator 

•• Sl.btotel •• 

.. 'las: 1.2.3.2.3 
1 ILC , SIX 
2 Eurocard Crat. 
3 IC.." Penal 
4 Monitor light, Panel 
5 Push Button Penal 
6 .r •• k.r Panel 
7 Cabl .. 
a Wiring A,.embly 
9 PLIC radf.t ton monitor 

10 PLIC C...c HV PS 
" PLiC Monitoring Card 
12 PLiC Oth.r Electronics 
13 PLiC Install.tion 
14 PLiC InU.llation 
15 Syst_ Test 
16 video C ... ra , Lent 
17 Video Monitor 
18 Coax: cemera to monitor 
19 video Connector. 

UNITS 

Vecl.Aa System Control. t 
•• 1 270.00 cp 
lot 3 100.00 tu 
•• 1 580.00 · cp 
•• 1 700. 00 ?cp 

Front End safety Syst ... 
t. 2 1400.00 ,.. 
•• 1 800. 00 tu 
e. 1 ]00.00 cp 
•• 6 250.00 cp 
•• 1 250.00 cp 
ea 1 250.00 cp 
lot 1 100.00 tu 

It 

•• .. 
lot 
lot .. .. t. 
•• 

o 0.00 
100 11.00 cp 

1 1000.00 tu 
1 2700.00 cp 
1 lOOO.oo eu 
1 800. 00 eu 

100 1.00 eu 
o 0.00 
I" 800.00 cp 
1 lOO.OO cp 
1 50.00 eu 
2 5.00 eu 

20 Padlock. , ~isc hardw.r. 
.. 
lot 1 '500.00 eu 

•• Slbtotat .. 
t • . 

c' 
.. was: 1.2.3.2.4 Front End Utilities 

1 f . E. pneunltic service lot 1 2000.00 eu 
2 F.E. LCW service lot 1 2000.00 eu 
3 C.bl. tr.ys , conduit, etc lot 1 2000.00 tu 
4 Unhtrut , ~isc h.rdware lot 1 1000.00 eu 
5 DOI.bl. elec r.ck ea 1 1200.00 eu 
6 BA panel l ph lOA ea 1 50.00 ep 
7 .reaker pentl ea 2 200.00 cp 
a Plug Strip ea 2 20.00 tu 
9 Aack fInS ea 2 50.00 ep 

10 X·com blocks' frame ea 1 500. 00 ep 
11 Ael.y blocks' frame.. 1 500.00 cp 

•• Slbtotat .. 

;24 . 0 
: 4.0 
,24.0 
.24•0 

2.S 0 0.0 
O.S 0 0.0 
0.3 Q ••• 0,1l. 
1 5 ' ii' .. " 0 '0'" 

~ 'O~ -(;.£"'.a ; 0:0 
..: :.a.'~ ' r~~ r 0.0 -:o;t ;, 9 : 0.0 
"'O~\f · .... ::1 eo.O 
"1 'f ' "' 0 0.0 
"',:a: ' or ~O , 0.0 
~" "2:i1_: ~ 0 0.0 

31ft ' ; 1 '20.0 
O~ , " 8.0 
O. I 1 S.O 
0.0 1 80.0 
O.S 0 0.0, 
0.1 , 0,. " ", O:~" ' " 

lib.ll \ ('~1 : t 2.0 
L"~:O: .. , :~: : 0.5 
"11.~: ' ":11 0.0 
1..'1.1 Ii' • . 01;" I 

16.~"J r. 
V; ; . L 

120.0 
129·0 . 

-110;0 ' 
40.0 
;6.0 
. 0.5 
' 4 .0 
,1.0 
' 1.0 
24.0 
24.0 

.. was: 1.2.3 .2 .5 front End Mech/Eleet Syate. Integration 
j6 :0 '" 1 Control, Checkout/Debug 0 0.00 0.0 1 

2 0 0.00 "01 "1 
16.0 

3 0 0.00 ": ' 0 : "" 1-' 16•0 
4 0 0.00 '11: :' . ')7 ,6.0 
5 S.ftty Syste. Check/Debug 0 0.00 l·O. · 1Jt', ; S.O 
6 ° 0.00 ' 0.0 , 4'· "S.O 
1 ° 0.00 "O.Q ' 4 ' S.O 
8 VICuu. Sy.te. Check. 0 0.00 'o·r 4 16.0 
9 0 0.00 ' 0 • . • 16.0 

10 MIIC . Htrdwar. lot 1 lQOO.oo ... UI' I ~O.O 
•• Sf.i)toul .. ,', i.. " 

l.g: : 
. , V 

•• waS: 1.2.3.3.1.1 . 1 Be~ Defining Apertures 
v!' (,(.. ( . . \ , 

, VICI.A.II CharrCtr e. 1 12000.00 .a7 11.8(> ' Y 0' '0.0 
2 Aoughlng V.l .... •• 1 750.00 ,p O.S 0 0.0 
3 Tn Support POlts t. 1 1000.00 ... 1.0 0 B.O 
, Tank Mounting StrUt' e. 6 200.00 ... 1.2 6 20.0 

e' 

o 
o 

, ' .. g" 
" b 
, 0 
~ :O 
fao ES 

"''0 
" 0 
" 0 
20 E$ 
S EI 
S EI 

8Oao 

,', ~" \ 

" 2 EI 
"'I ES 
"0 , . 

199 

120 III 
120 III 

'. " l~b' i>f 
~ 0$ 
;6 ES 
II {) EI 
-a EI 
" '2 EI 
.~ ES 
~4 EI 
24 EI 

416 

, , 
ll fiol 
112 EO 
lIz CP 
11~ EI 
U OT 
n EO 
32 EI 
64 NT 
&I; EO 
400$ 

712 

,,~ 

0 
0 

1~ '" 

8 ·35 
" 
IQ' 

1.0 
0. 1 
1.3 
1.4 

,.:;1" i .. ~ · 5~ , ; .... ' 4.4 
.. ~. i/o 
.. 'f ·Ct· ,' 

0.00 0.0 2.8 
0.00 0.0 0.8 
0.00 , , 0 .0 , , 0.1 
o.oct ::. ~'.9 ,,~',' 1.5 
O.Db ~, ; fiH .o ~ . 0.2 
0. 00 't>~O •. O ,:: : t 0. 2 
0.00 H rf.p , 0.1 
1:~" ~ , ,;1..,4;, ,~, 2.4 

• ' ~ 1.r ... '1 0.(;0 . .', } 1.1 
. O.OO,. ~ ., 'O"'iO" ' " 1.0 

0 . 00 ' ';'' ,. '0 " l..' ). 2.7 
29. eo .. O . .... '. : l.6 
29.80 0 . .2: :-.; .; , ' .0 
29.80 0~1 . . 0.3 
29.80 2.4 2.4 
0.00., : ' , 0. 0. l~~, . 0.8 
0.00 '" ' ... B,.lI " " 0.3 

29 . &0 ., .",' :O.,, ~ . ~ . 0.1 
29.80 ' . 0: 0' " J " 0.0 

0.00, : (1 -1" !J .Q,.~, . ~.: -, 0.5 

() li~" 5 ! 9 ' .' 
• ,,~1 ' . 22.1 
.'," ,> 

35.80 
35 .80 
36.10 
31. 10 
29.80 
29.80 

4.3 

29.80 . g.2 ", 
29.80 u: t;. " ,.,1 

g::8,';: , , n 
29 .80 0.7 , . 

. ;6.1 ·' ~· 

26.10 o!: !. '. :~ 
2.2 

29.80 ' 0" 3~ 
52 :6Ct " 

~ '. 
5.9 

29 ;80'~' :~. 3.3 
26.10 O:S 
29.80 ""'1.0 

" 

29.80 "'\ .0 
26.10 "" 1;'( 
29.80 

. .;. 
1.9' 

17:10 ' " ;, 1.5'" 
" 23.3 

, 
0.00 ' 0.0 
0.00 0.0 
0.00 0.0 

31.10 4.5 

6.3 
,6.3 
6.3 
2.5 
1,1 
0. 1 
0,6 
0,1 
0,2 
1.2 
1.2 

26.5 

2.9 
3.3 
5.9 
1.3 
0.8 
1,0 
1,0 
1.1 
1,9 

, 2.5 

' :24.3 

12.0 
0.8 
1.0 
5.1 
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:,:1 '.1[ : :: ' .. 
.Teehn.t~tl C()II'fX)N~I'l.U . Cost Estimate .. ~. . ~,~ .'. . " , 

ITM ITM ""n WSI ~I.T COST . .... " JOTAL LBR HRSI TOTAL CRAfT CRAFT TOTAL 1St + 
NP OE~IPTJClr.AS:' . ~" ' :J .; ,\ . . MUS ;~ :: ~N IT$ ; ; ~:.; ~;~'!j BAS Ii . ~~ ISC IS UNfS UNIT MRS COOE OATE LABOR KS LABOlt ICS 

;: '. . ~. , " j ~ 5T",,. ?\M~ " .;' 

, .rated ~btr .lily .. 4 ~oo eu 
2. 0 4 100.0 

400 "' 37.10 14.8 16.8 
6 ,reat,.. & .J~,.. FI .. a:.-. t. o .,l .. 1 ' 1 .. .00 IU 

.n- 'J. 
O. I 2 40.0 80 MS 37. 10 3.0 3 . 1 

7 UNY -.,tfl\i, ltirdwlre .. )2 lot O,(~ 4 ! . ~DO eu 
.'! 2 . 0 4 20.0 80 MS 37.10 3. 0 5.0 ::. ~.),: 

" C.O:. a ,.Uow "'MIlDly ' :!)~ •• L a;:' 4 200dcOO ... 8.0 0 0.0 0 0 . 00 0. 0 8 .0 
1 , 9 1ttpptr/Entodtr potfifon. •• o.or 4 2500: 00 .... 10.0 0 0 . 0 0 0.00 0 . 0 10.0 

10 flenget/.lec UHY hardware lot 10 
5GG'ro .... 5. 0 0 0.0 0 0.00 0.0 5 . 0 

: . .:i. 11 Ltv Hardwlr. :.~ .. 2 3 • '0 eu 0.6 0 0.0 0 0. 00 0. 0 0.6 
12 " .. _l, UNV lIbIY1t_ •• 4 100.00 eu 0. 4 4 20.0 80 MS 37.1 0 3 . 0 3.4 
Il _ , C.lIb ... tlon 0 0 . 00 0.0 4 16. 0 64 MS 37. 10 2.4 2. 4 
14 ...",..,.., , ·:·tMlicheck ' :.' lot {" ~' ~. I 50rOO eu 0. 1 I 40.0 40 "$ 37.10 1.5 1.5 
15 Ialr.out ::'" .:~ ('.~ ... lot ' . , C;oI I ~Or OO til O. I 1 80.0 80 MS 37. 10 3 . 0 3 . 0 
16 A.~_l. po.lt)(onIr. ~ •• ,01 4 .0.00 tu 0.2 4 20.0 80 MS 37. 10 3 . 0 3 . 2 
17 "taco A.I .... l., ~·H.rdwir. lot 'J . C,: I 1000 •. 00 .... 1.0 I 40.0 40 "$ 37.10 1.5 2.5 
18 Pr,.~f"'tel"it.fcin ch«ltout ) , f) .. 0 lOfOO 0.0 I 40 .0 40 MS 37.10 1.5 1.5 
19 'rAp for t fnport.t'f'ori : lot • • C.:: 1 ~O;'OO .... O. I I 8.0 8 MS 37. 10 0.3 0.3 

... Slbtottl .. :..;~ d .~. : .. (.0 L' , .. 

44.4 1112 41.3 85.7 , ~:..=. .. . ~ ~ 

• • waS: 1.2.3. 3.1. 1.2 Honochromltor 
1 Exit Slh lot 3 18059 . 00 au ' .' ~. ! 

54. I 3 200 . 0 600 MS 37.10 22 . 3 76 . 4 

" Z GrC I ng Ncu'lt/kln tMcttJ< .. ;; .:~ 1 49000 .~0 >87 49 .0 I 1160.0 1160 MS 37.10 43 . 0 92.0 
3 Grlting S~trlt.. : ;; ~,' •• Cd:.' I . 261io.>po ... 2. 6 I 464.0 464 MS 37. 10 17.2 19. 8 
4 Gr.ttng Po l'l'.n/Rult/Coa'C: •• ( ,[ 3 ' 4100Il.po ... J 

123.0 0 0.0 0 0. 00 0.0 123 .0 
5 Vku.a SVI ta , 7 i; ,} ... lot !J . I) .. , : 7185:0 .,00 ... 71.8 1 960.0 960 HS 37.10 35.6 '07.5 
6 A •• ~le & ~~tout ! ~ ~* •• ,; , . 1 '809'.00 au 1. 8 I 680 . 0 680 MS 37. 10 25.2 27.0 • 

. , 7 Inst.ll.tlon' . ~': .~ ot lot r· , ·: I 45(1.00 eu 0 . 5 I 16.0 16 HS 37.10 0 .6 1.0 
8 0 0.00 0 . 0 1 16.0 16 leo 64.70 1.0 1.0 
9 , ~. ": 0 0.00 0 . 0 1 96 . 0 96 ... 35 . 80 3 . 4 3 .4 

10 Survey & Alt...-nt 0 0.00 0.0 I 40.0 40 "S 37.10 1. 5 1. 5 

11 "'- lot 2 8250.~ .... 16.5 0 0.0 0 0.00 0.0 16.5 
12 ICn( G.tug1 Controller s " •• O,l 1 (I 5000; tu 5.0 0 0 . 0 0 0 . 00 0.0 5 .0 

• • Sl.btol.l .. i 
, ~ ;; , 'J , ' 

~ E ~ .:: .0 ~: .. ;; :. 324 .4 , 4032 149.9 474.] 
,,) . . t , {, ~ . : 

•• Wls(' . 1 .2. 3.].1\~ ';] Brenc:h li lie' oiagnottfC' S '~ 
-.. ~ 1 Oi .gnostlc ., .. .t 0 1 noO:&g eu 7. 7 208.0 208 MS 37. 10 7.7 15 . 4 

" 
2 Ol .gnostlc ill . I. ;',0 1 : 6709,; eLI 6 . 7 148.0 141 "S 37.10 5.5 12.2 

t.; ] Oi-agno.tfc " (,': I. ;J. ('''-: 1 . 6700 ~ OO eLI 6.7 148.0 141 "S 37.10 5.5 12.2 
•• Subt otal .. , .. [ !'t. 

... ,. " '.C' :::. ( 21 . 1 504 18. 7 39.8 

•• WS t .. h Z.].3 . 1.1.' li i"8nch Lin. Vacu..rn Sy.tell 2 
1 ,- UHV Isol.tlon V.lvi .. 4 9460.00 cp 37. 8 0 0.0 0 0.00 0. 0 37.8 
Z 6-cf Spool. II 4 I 500 .. 09 <p 2.0 0 0 . 0 0 0. 00 0.0 2.0 
] 6wcfi .lllowe)'Ad'entlly '><· :.. : .. t. "',~ ~ 6 2000.OQ AM 12.0 0 0.0 0 0.00 0.0 12 .0 

~. , 4 SpOol S~rtr po.u . f; ";' :1. i. .•. , 4 I 5oq' 00 .... 2.0 0 0. 0 0 0.00 0.0 2.0 
5 "Iic UHV H.r<Jw..... '. i' ':. 'lot 

• r," ; 250q'.0!1 ... V~ 2. S 1 120. 0 120 MS 37. 10 4. 5 7. 0 ~ ~ • • J~ 1 

' . ~ 6 •• l eout , L.iUt· check ' ~. lot " ';..: 1 ~ 2S00i?9 eLI " 2 S- ' 1 120.0 120 MS 37. 10 4.5 7.0 
• • S\btot. ' • • ~ .... :. :: u . ... ' ~~ ., '. .. ,.) 

;,~ . { I ' :-1: 58.8< 240 8 . 9 67.7 
Of " ~ " 

, " .~1 ". .'~. 

,1 • • waS: 1. 2.3.3. 1" .S' Branch Li~' ~lchanl~'l I~t'll.ti on 
" , 

; 1 A •• lMbl./L •• k· eheck ' . . S lot ;': ~ 1 ' 1000.00 eLI 1.~~" 1 120.0 120 MS 37. 10 4.5 5.5 
~ ! 2 Triniport , •• t~ ~~ '\~ lot '. 3 2oo;QqeLI ~ : 5 ' 

3 32.0 96 ... 35.80 3.4 4.0 
3 UnTtatrut ,Htac. M.rdW.~; lot i. ;~ I 500:00 ... 1 80. 0 80 ... 35.80 2.9 3 .4 
4 "t.c. "-ch,"leal IIIOrk lot 1 500,gs'" 0.5 1 40 . 0 40 "S 37 .1 0 1.5 2.0 
5 "he . "tchlne shop · ... ~ lot 1 500~' ..., 0.5 1 40 . 0 

40 "' 
37. 10 1.5 2. 0 

6 L.ed Shleldng lnet.ll.tn lot 1 1000.00 ey 1.0 1 40 . 0 40 ... 35 . 80 1.4 2.4 
r support .all •• I 500 oCt"'" "':0.5 1 120.0 120 MS 37. 10 4. 5 5 .0 
a survey & AllinMent . t\ <." lot • . ~ ! 1 ~ 200 ~09, eu 0.2 1 131.0 131 MS 37. 10 4.9 5. I 

. . •• Subtotll •• 
, 

" "13 ~, (. ::: ¢ .... . . 1 

~ , " U ~: • . , 
4.8 667 24 . 5 29.3 ,. ' . -.~ . ~I) " C ~. ,, ' 

• • \:I8S; 1: 2. ].]. 1f2 .. 1:~ " 'pti6ton Tradsl}ort Co~troll " Diagnostic .. ':" 
40.0 40 EI 29 .80 1.2 66.6 1 Ion PUlip conffof,i /Cebr •• , lot ; ., I 65400~ CP 65 . 4 

2 leri ·a..n/Control. ,. Sl lot v. l! 1 ~! 1 tu 18.3 40 .0 40 EI 29 .80 1.2 19.5 
'L : . :. . ! ... ..( O.t. · ... i . 
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ITM ITM 
NIR DESCRIPTICIf 

UNIT 
MUS 

'B' 
UNITS 

CRAftT .; T'OI t ·OTAl i. . 1 I SC • 
RATE LABOR KS LABOlt n 

3 Intlrlocka & Actuator. lot 
4 Posltlonlnt Control. lot 
5 Opticil Cllanlng Control. lot 
6 II" Positioning Controls el 

•• $lJ)tOtil -

1 5400'00 ... 
1 77800: 00 eu 
2 · 10000.00 eu 
2 ; 2100.00 eu 

•• WS: 1. 2.3.3. 1.2. 2 Monochromator Controll 
1 Prog~l logic Cntrllr lot 1 8500.00 eu 
2 0 0.00 
3 IrlnCh line Device Sirver .. 1 7SOO .00 cp 
4 Network Interf.::e lot 1 5000 . 00 ..., 
5 Dhplly/Control St.tlon.e 1 13000 . 00 eu 
6 TV Dh pilY Control. e. 1 5900.00 ..., 
7 24VDC Dhtr ibut ion lot 1 4000.00 tu 

•• S~totll .. 

1 ~ 
1 
1 
1 

':" 

" 40 . 0 h 

SO. O ' I 

20. 0 , .. 
10.0 . .. ,. 

t .r 

" .. . 
20.0 .. 
40 .0 1', , 

40 . 0 
" 10 .0 ; ;,. 

40 . 0 
20.0 
60 .0 

, I' , i -..f'd"lI.Hf '.).. ....... S~ 16 l 
t49J .EI . ~~ ,:. "?''' ~ ,1. 2 .1 

SO 'It ... ·· .. ~.OO l .t r: .. '":.t 2.4 
20 EI ", 29 .80" .1.. Jt-, ~ 0~6 I 

~1g Il r·. 29 . SO~ ~ .. ,\-·., 0. 3 
·.;...·r " .\t'\ Vl- · ,)" ,,,., ;; .• . 

230 ",.: .. '"I • • ' 4. 9 
~.~.11 ~ ~··.~lt \., .... . Joe ··.·!· So 

: .. 'a'I<'! ' , a."I ~ 'f!,~'I' (! 
20 Eb .,/:-:2'i..aG i (1fIIOC O~6 
40 CP 52.60 ' .. ·2.·1 
40 cp ., .. 52 .tD t . . ~.; , ~\ 

10 41,.· ~ ~. 29...~. " . ~ , .G. ) , 
~-GR. , ·53.60 ; . ;", ; -a .'~ ," 
20..:.£1 ." .:29dO·, , ., ., '0..'"6' ( , 
60 ES 29.SO .· . ll ~t .. 'fb 

9.6 
,. . 1 , ," . • l : 

•• 'll8S: 1.2 . 3. 3. 1.2.3 
1 Racks' Tr.ys 
2 Jon Pump Interconnects 
3 Ion Gauge Interconnect 

Branch 
lot 
ft 
ft 

Line Electricil InStall.ti on 
1 3450 . 00 CP "~ ~~,'i< 1 

600 1. 00 ..., 1. .. 0) . • , i\,!-S 1 
600 2.00 tu •. , Ci . 2 .~ 1 

80 .0 
16.0 
32.0 
40.0 
40.0 
10.0 

'I , ; 'I .. 

f, !> SO· I ·}·> '"Iti~ . '80 , .. .. ~ : ,& .. ,,: ~ 

f. ~ 16 EI n i5' . :ao-;..;~ ;,Y. · G~ S} 
~ '. ' 3:Z: ; .~l, i' " ~l ao l ':l r, 0" •• ~O ) II 

:;. .' 40 EI 29M'~'i ;- ,. .. d .2{ 4 Intrlck/Actuatr Intrcnnet 
S Position Contrls Intrcnne 
6 Opt icll Cleaning Intrcnne 

.. S~tot.l •• 

It 
ft 
ft 

•• 'llBS: 1. 2.3. 3. t.3 Branch 
1 IlC , sax e. 
2 Euroc.rd Cr.te •• 
3 Key Plntl fa 

4 Monitor l i Qhts Pane l eI 
5 Push lutton Panel .1 
6 BrHker PII'ItI II 

7 Cabl.. lot 
8 Wi r ing Assembly 
9 SyU_ Test 

10 Pedlocks , Misc . Hardware lot 
•• Subtotl l •• 

•• 'll8S : 1.2.3.3 . 1.4 8ranch 
1 PneuMt l c Serv ice lot 
2 LOW S. rvice lot 
3 Cebl. Treys, Condu i t , etc l ot 
4 Un f tstrut,Hlsc. H.rdware lot 
5 O<M.ble Elec. !tac k el 
6 SA panel 3 PH 30,1. .. 
7 8relker PlI'Itl ., 
8 Plug Strip el 
9 R.::k 'tnI .. 

10 X' Con"l blockl & fr_ .. 
11 ReilY blk. , fr_ II 

•• Subtotel •• 

•• WS: 1.2. 3 .3.1.5 Branch 
1 Control I Checkout/Debug 
2 
3 
4 
5 S.fety SYlt.mt Chec kout 
6 
7 
8 VIC~ SYlte. Checks 

400 3.00 ..., v~ oJ .. tSh 1 
800 2.50 ... '" ,2 • •• ' 1 
200 1.00 tu V"J ~,Q:. " .. 1 

Li ne saflty' syeteme 
., 1400.00 tu 

1 800 . 00 ... 
1 300.00 cp 
6 250.00 cp 
1 250.00 cp 
1 250.00 cp 
1 100.00 IU 
o 0.00' 
o 0.00 
1 500. 00 N 

line ut il i ti H 
1 1500 . 00 IU 
1 1500. 00 ..., 
1 2000.00 ... 
1 1000.00 ... 
1 1200'.00 cp 
1 50.00 CP 
2 200;00' cp 
2 20.00 ..., 
2 50('! DO tu 
1 500':00 cp 
, 500~~ cp 

line Mech/El~t 
o 
o 
o 
o 
o 
o 
o 
o 

SYlt_ 
0.00 
0.00 
0.00 
0.00 

~:~ " 
0:00 . 
0.00 

. , 
:~ .~ . ~ 

:J-J. .~ .,. (:',) 0 0 .0 .H O~ , ~~;a " 
"0: .. .. 0 0 .0 
0.3 0 0.0 
1.5 0 0.0 
0 . 2 l! ~ ' ~ Q '."' l.~. iI.O!<O· .. 

U': OO . 2. ~...., . 0 ! 0.0 
C" i9 ;1.", 0 , 0.0 

j d ; a ~", .• 1 : SO.O 
0;0 ' 1 80.0 
0.5 0 0.0 

: 120.0 
. 120.0 
, 120.0 
. 40.0 

16.0 
0.5 
4.0 

" .,.,J .p L 
• 1.0 

24.0 
24 .0 

16.0 
16.0 
16.0 
16.0 

.. ,t:~·,,· · 
8.0 

16.0 

/I.e 40 EI · ... 29:.10 j t -' ''1-..t .2 
10 EI 29.8Q.li' t/l · ·!O. ] ' , 

218 6.5 
I :. '4''' ... , ... .:- ( j ' 

, , 
I:l~ 0 0"', 

\¥,j .1. .' U : t 

0.00 . ,C',; 0.0 : > 
o 
o 
o 

"' :or>I' 0 
;I t:. 0 
e~ 0 
~~, 80 ES 

80 EN 
o 

" ,!Ill 
,' . 
, 120 '"" 
\< 120 "'" 

.. 120 Pf 
40.$ 
OES 
o ESs 
8ES 

':, :,. '1\ 2 · E$ 

" •. 2 ES 
24 ES 

: 2~.n ,. 
• 460 

11 :! -

0 . 00 Il O ~ O n...: · 
0.00 0.0 
0.00 0 .0 

;0.00 . f. C 0.0 ' 
O.()(l ~.: H,~ 0.101 
0.00 '~ lecy O .;O l' 

29.80 .;: ~ ~c · ~ 14 . 
29 .80 ·ZJ; ,, '. 
0.00 0.0 

J~. 

y.~15.84:-... , . , .. ". ~.)' .' 

1· .]5.apl-': f~ t 4.] . 
;16 •. 1.0 : . .: .. ~ 4.3 ·. " 
37.10 ., 10 5 , 
29. 80 . 0'.0 ~)... : 
0. 00 0.0 

29.80 0.2 
29,80 ,., o! ' , .. :1 · 
29.80.' .' :' 1.1 · / 
i9..~ , : " ,,· 0 .:7 : S 

'.~ 29.80 ~ '1;I·,;O ~ 7n '. ;; 
... c-;; c '~ I'I ~' ~' •. ~ .: . 
~. -r ... .. ~ i".G j. 16.Z 0( i 

, r \::: .0;1" t~: , 

I'" .... ·.;;Q:.J i~ , 

~ :'. 96 MT 26.1.9, If. .a.s ... ( f, 
96 EM 29.80 . , iZ. .. 9.,d •. J<' 

96 cp 52.60 5.0 
96 £1 29.80 2.9 

n);3.2.:I'T 26 • .1.0' .; ,(..'0.'8 . , • 
~ : ]2 ,.E" _I (' ~ ~~"lO:" '1·:· LO, 

32 EI '! ~.80, :, \u; .. ·,t.O, , S 64.' 26.10 1.7 

6.6 
80 . 2 
20 .6 
4 .5 

198.0 

9. 1 
2. 1 
9 .9 
5.3 

15.1 
6.5 
5.8 

53.8 

5.8 
1.1 
2. 2 
2.' 
3. 2 
0.5 

15 . 1 

1.4 
0.8 
0. 3 
1.5 
0.2 
0.2 
0. 1 
2.4 

'. 2.4 
0.5 

9.9 

5.8 
5.8 
6.3 
2.5 
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, . ,sa oItsUIPTloo!'''' JW:! 211 " 'MfA$ :' 'iiNITS ~ " ~~ ,) ; } J BASI ~ c':: ISC"KS UNTS UNIT HRS COOE OATE LABOR IC.S LA BOR KS 

:: A' , " l ) ;:;.., ., TIJl ... ? ~.' .. . 

9 0 0.00 0.0 4 16.0 64 e. 29.80 1.9 1.9 
10 .'ac. H.rdw.r. I.t 1 l~t'1" '" 1.0 1 40.0 40 "$ 31. 10 1.5 2. 5 

~ t : : •• slJiiotll .. 
1.0 648 21.1 22 . 1 

0 . :: •• ~t: '1 .Z.3 .1.Ci·C {Mlln scaN,fng "lc ';olc~tSt.tf nn 
, 

, Spe.rtc.l Mirror. f' 2 105ro~ 21.0 0 0.0 0 0.00 0.0 21.0 , . 
Z Mirror ....,t/.t", Iyst_ 2 2620. 52 .5 0 0.0 0 0.00 0.0 52.5 
3 Multll.yer lubectttl/etn; 1 52500. 00 52.5 0 0.0 0 0.00 0.0 52 .5 

4 N..' l.yer ='t""'" i,· .C 
1 · 262~ . 00 26.2 0 0.0 0 0.00 0.0 26 .2 , s Plit coet: . r1: .tructr 1 · m ' ~Oo 31.5 0 0.0 0 0.00 0.0 31.5 

6 Building .:dtflc.tfont ,. 1 21m·DO 21.0 0 0.0 0 0.00 0.0 21.0 
. 7 ~\ .ttte/environ (ntrt 1 105 760 10.5 0 0.0 0 0.00 0.0 10.5 

a s.pl trgttna . t croaep lya 1 21000.00 21.0 0 0.0 0 0.00 0.0 21.0 

9 ",';,\t. 11 t. ,..\r~.rf.r~J.r C. :. 
1 ., 5~,QP "2U 0 0.0 0 0.00 0.0 5.2 

10 PI.lotlctr~ I en .otf 1 · 21 ;'00 0 0.0 0 0.00 0.0 21 .0 
l' ~~itfon ••• fntrfratr) 1 15~.0,Q!l 15.8 0 0.0 0 0.00 0.0 15.8 

,. 12 In .rf.r~t.r .ltctr~tc 1 5250 :00 5.2 0 0.0 0 0.00 0.0 5.2 
11 Co.put fng 'ya , Int.rfecs 1 42ooo.DO 42.0 a 0.0 a 0.00 0.0 42,0 

14 ~rt COlt ~~ IYIC. ) ~" ,) 
1 " 2625P,Q!l .~6 , 2 a 0.0 a 0.00 0.0 26.2 

15 .nIt. t ~. • 1 · 15150:00 15 .8 0 0.0 0 0.00 0. 0 15 .8 l' "t~rof.b:lone pltl/~ 1 68250~ 68.2 a 0.0 a 0.00 0.0 68 .2 
, 17 SoftWir. & control I ' 1 7&150. 18.& a 0.0 a 0. 00 0. 0 78.8 
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4 tl Itegt/envl ron cntr.,t 1 210q0,00 21 .0 a 0.0 a 0.00 0.0 21 .0 

' " ~ ; 5 it tergttng .. terlep !lYI 1 21000.-00 21.0 a 0.0 0 0.00 0.0 21.0 
6 """ftt lite intrfMltr fOCI 1 5250.00 5. 2 a 0.0 0 0.00 0.0 5.2 

~, c. 
7 Pltzotlc:trc. . ..,c:an .ysten 

~ r 1 
• 21~~N~ 21.0 a 0.0 a 0.00 0.0 21.0 

8 Pofltlon 1IIt"1 ' Intrf,.,.tr 1 • 15 O. 15 .8 a 0.0 a 0. 00 0.0 15 .8 

,;. ' ~ 
9 I,n~rf.rc.tttr elec:trn i.C:I 1 52~.1IO 5.2 a 0.0 a 0.00 0.0 5.2 

10 C..,Ung IYS & fnttrfa-es 1 420 ,\00 42.0 a 0.0 a 0.00 0.0 42.0 
11 Pert cOlt:imag. daply 'YI 1 26250 .00 26.2 a 0.0 a 0.00 0.0 26.2 
12 Grenlt. te~ " ,.. 1 , 15150:~ 15.8 a 0.0 0 0.00 0.0 15.8 
13 "Icrofeb: z ' 'Plts/wndws 1 '105060. 105 .0 a 0.0 a 0.00 0.0 105 .0 
14 Softwtr. and control . , 1 21000~ 21.0 0 0.0 0 0.00 0.0 21. a 

~ . 15 Vee .... herdwere 1 63000. 63.0 a 0.0 0 0.00 0.0 63 .0 
16 Electronics & inttrfeces 1 26250.00 26. 2 a 0.0 0 0.00 0.0 26 .2 

•• S~(~~Ul •• 

" 9 , c'/ ' -,-
493.5 a 0.0 493 .5 
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3 P, rt eOlt:~rt Itretur 1 31500. a 0.0 a 0.00 0.0 31.5 
4 ~t .teoe/envlron cnt~t 1 21~'fJ 21.0 a 0.0 a 0.00 0.0 21.0 
S ~'t trattng .lcrOKp ~y. 1 210 • 21.0 a 0.0 0 0.00 0.0 21;0 
6 CClqJUting sva & Int.rfCI 1 42000 .00 42.0 a 0.0 0 0.00 0.0 42. 0 
7 pe~ cost:l .. g~ daply ~ 1 · 26250.,00 26.2 a 0.0 0 0.00 0.0 26 .2 
8 Gr" It. tebh '0 ' 1 15150:00 '15 .8 a 0.0 0 0.00 0. 0 15 .8 
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.' 10 CCD detector & Interfe~.s 1 42000.'00 42. 0 0 0.0 a 0.00 0. 0 42. 0 
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•• $~totel •• 0 ~, c:' ;{99 ~0 a 0.0 399.0 
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(: .r : 

1 EngiOHring 129000 .00 129.0 :''' ' ~ 0.0 a 0.00 0.0 129. 0 

,:;. ;; . t' Jf, _ 
" 

i; , ~ , ~.I !. 01' M OO: , ... , 
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•• WlS: 1.3.2. 2. 9 
~ . : 1 fln'II'I .. 

.. $\J)tot.l -

~ J~ ·~.O 1) '~.rJ 
•• waS: 1.3 .2.2.10 

, ,' 1 Spot!'It1" 
•• $U)tot.l -

I. . 0: ! 
,_It WI$: r.J·. 2.2.12 f'~' v 

1 furn-Ilhlnga . v:' .' 
•• $U)tot.l -

•• WS: 1.3.2.2.14 
:- 1 Hyd,.Jl Ic UeW'tc!tr 

, 1.'1/. Sl.Oto' ·'(.: •• 0';< 

, :11 .... 

o 0 .0 
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Furnf'hfnge~ . 

.. was: 1.1.2 . 2.15 Mechanical \lark 
1 
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1 

1 PliM)ina , proc .. e Piping . 
~ l! 2 HVAa {" Ij,' ~ \;. 

3 fire Protection SY't~ 
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E1Ettricil !Jbrk 

o • I 

, . 
145960.00 

~ , ... ) 

5lOOO.oo I 
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~. ". was: h~~ 2.2.16 C.·:; 
1 Electrical 1 143110.0() .. 
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lUI ITM UNIT 'B. UNn COST TOTAL LSI HASI TOTAL CAAfT CRAfT TOTAL Ise • 
NU DESClIPTlC* MEA. UNITS a~ U .. ,S .... 'ISC ' KS UNTI UNIT HAS COOE RATE LASOR KS LABel: ICS 

•• WI: 1.3.2.5.4.3 Confocal Microscope 
;" .... ,,(-W',oc,!,\ .'crOicope "" ,0:) b",.~·OO 119.0 0 0. 0 0 0. 00 0. 0 89.0 

:I •• ' - to'tl\ " . 
. ---.-- -- - .- -~ - - .-.~ .- ..... --.- -.~ . . -.--~ . - 119.0 0 0. 0 89.0 

2' 
0' ... ... : 1 , 3.2·~"'1~ ; ' : 11M;' Anllysis Pack." 

1 l..ge AnllyS • Peek.gt 1 83000.00 83.0 a 0.0 a 0. 00 0.0 83 .0 
' de . .•• ·St.btot.l .. 

'. :: , ,: r . =~ 83.0 0 0.0 83 .0 

•• WS: 1.3.3.1 Bfoch_istry 
1 C."tM..,... 251000. 00 251 .0 0 0.0 0 0. 00 0. 0 251.0 

:: -' 
Z Spectroph~~,c.tttr. 0 189000.00 rJlI9 . 0 a 0.0 0 0.00 0.0 189.0 

3 •• lene" 61000.00 61.0 0 0.0 0 0.00 0.0 61.0 
4 Ilot"ope e~t.rt 42000.00 42.0 0 0. 0 0 0.00 0.0 42.0 
5 S~r.tlon equlplln~ 221000.00 221 .0 0 0.0 0 0.00 0.0 221.0 

;. ! ~ 6 Generel lob .... '_' . ? !. E' J03ooo.00 303. 0 0 , 0.0 0 0.00 0.0 30J.0 
.... SLbtoUI •• 

1067.0 0 0.0 1067.0 

•• WS: 1.3.3.2 Microscopy f ' f.: l- 5/;; 0 '" 1 O.rkroc. t<J.I' pIIIt'It 54000.00 0 0.0 0 0.00 0.0 54 .0 
Z Gentr.' lob ~'pnoo/I' 1 55000.00 55.0 0 0.0 0 0.00 0.0 55.0 

•• Sli:)tot.l ... ,.. <. : r , ~ '. \ ... 109. 0 0 0.0 109.0 
"", '\ <..~ ~·.[i ;:; , 
:. .~ . 

•• WS: 1.3.3.3 C.ll end Tissue Cultur. 
1 Inc'-tor. 1 47000.00 47. 0 0 0.0 0 0 . 00 0.0 47 . 0 
Z St.rH tllf 1 38000.00 38.0 a 0.0 a 0 . 00 0.0 38.0 
3 Gtner.' lob ~'pmon' i'1 : :: , :- 54000.00 54.0 0 0. 0 0 0. 00 0.0 54.0 

•• Sl.btot., .. 

1 ~ S ?: ~.~ r . 1 139.0 0 0.0 139 .0 

•• was ::' 1.3.3.4 :: Surgic.l Suit. -;~? ... .. ! 

1 Teb'H, fnttrlMlt.,l f;htng 2QQ!JO.00 20. 0 0 0.0 0 0.00 0.0 20.0 
Z Mleroacope & video equip 49000.00 49.0 0 0.0 0 0.00 0.0 49 .0 
3 Generlll lab equ I FM'f'\t 11000.00 11.0 0 0.0 0 0.00 0.0 11.0 

•• Subtb~., •• :.' ( .. or 'r 

, 
! !. ,; l- 80.0 ." 0 0.0 80.0 

•• ~S: 1.3.3.5 .: Gener.' Support Equ I pnent ':,.. 2 ' . 
, Ccwnput.tlonel equipment 1 254000.00 254.0 0 0.0 0 0.00 0.0 254 .0 
Z Gilt. w.sh/Hendtfng Eql4J 1 SAAOO.QO .1l8.0. O. 0. 0 0 0.00 0.0 88 .0 
1 Offle. furniture 1 3'1000.00 ,·'i ·3T.f "0 0.0 0 0.00 0.0 J1 .0 
4 Offle. equlpnent 1 13000.00 13.0 0 0.0 0 0.00 0.0 13.0 

•• Sl.bt~~.l •• ,; .. :::'f~ 39~~~ · r ' , ~ 0 0.0 392.0 
~, ~, :c ~. r ~ rUI: .. · . 

•• ""1:21.4.1 .:.~. . Spec'.' Rts .. rch f.e i l f t I" lM.J~nageMnt " 
, specl.l R •••• rch feeility 1 3544033.00 3544. 0 0 0.0 0 0.00 0.0 J544 .0 
Z Project ~ & Adafn 1 285590.00 255 .6 0 0.0 0 0.00 0.0 285.6 

•• Sl.btotal -
'," ,. 3829.6 0 0.0 3829.6 

•• \as: 1.4.2 Corwtnt I onel f.ci I f tl .. 
1 ~Of"!On"o(Io\ feefllt,'" 1 1079000.00 1079.0 0 0.0 0 0.00 0. 0 1079.0 

•• Sl.btotal •• I. : .: 
1079.b 

. ·f 
~ :::. . .;: .. 0 0.0 1079.0 

••• ToUI ••• ., • ': . 
19238.4 135116 5686.4 24924.8 

:: ~ i: 2~ 
. '" . ~ , ." 

! 8 ' ( .. : '., J .S:2- " oJ:':::: 

C 1: ; (.1 :.: Lt ,!. 

.:. !. ~ o· 



Table B.4 
Contlngen~ Analysls :Tabl,v'''' 

~ I' ', "' l1 ' . ',. - , ,.' 
(All cost. ;.hawn,in FY~990 Ki) 

f ~ Io . j 

'. ' }. ~ 

:0<.1»"; : "! ::I '~ : L:Y.lb/C) J 

8·43 
( .' .".,,: 
" .:s:. " 

11" ;" i ~~ \ 
~ i Y I';19 ;::: ~~ tI<lo!' 

c:~.~.s.:C: .' ;Z~ •• 

WBSNo. Description '" 0 ,, I ,,, ,,00\8as9 Costs 1""" •• ", \;eo M'f.j'gpO' i es 

-------~, ... b-I __ ------.--- t _____ ~~ _ _:~ ____ _ 

1.. Life Sciences Center 

1.1 . Project Management & Administration 
, . 

t .2. Special Research Facilities 
. ~ .. 

1.2.1 Engineering. Design. & In ~pection 

1.2.1.1 ED I. Wiggler Facility 
1.2.1.2 EDI. Undulator Facility 

~'. '\ .. 
t .2.2 Wiggler Facility 

L ~ : 

Wiggler 1.2.2.1 
t .2.2.2 
1.2.2.3 

Wiggler Beamline Frontend 
Diffraction Facility '1 \":: ! 

1.2.2.3 .1 
1.2.2.3.2 
1.2.2.3 .3 

,-, . 
{} C r f 

Crystallography Branchline 
Crystallography Station··llt 

Small Angle Scattering Stat 
~ . H · 

1.2.2.4 Spectroscopy/Micropro~e ~a~! IIty 

1.172 
454 
t42 

1.2.2.4.1 
1.2.2.4.2 
1.2.2.4.3 

Spect.lMlcropr. BranchlinVo' 1.562 
Spectroscopy Station .'.' ,. 239 
Microprobe Station ; ' '''' ' ''''''.268, 

1.2.3 

1.2.3.1 
1.2.3.2 
1.2.3.3 

Undulator Facility 

Undulator 
Undulator Beamline 
Solt X·ray Imaging 

Main Beamline 

to ..... ;[ 
t. ?t';;; 

Fronteng ... ,. 
Facility " , 

I'. a..,;c · 

1.2.3.3.1 
1.2.3.3.2 
1.2.3 .3.3 
1.2.3.3.4 

Main Scan. Microscope Sta. 
RID Scan/Microscope St c • 

Dillraction Imaging St • . 

1.021 
604 
494 
399 

liIe: ·LSC(fy91) ContingTab/e B·4 page 1 

I % K$ K$ 

., J; ,t.?Qf~qiPo rvLng" Co nt i ng 
I . .. ,' , : "lH.\. · Subtotal 

25.050 I 4.909 

0:: -~ ~ . " 
~,; ... ~,~ ,,~~ , 

.... . . ~"J '"" .. 

1.422 

I 
I 
I t ~ ' ~' <'2lO ""~ '" ~.' S 

t ; !II" I ~.~ .' 
I . I~ ~ "'~" :«j (J 4.~ ~ 

1 ·H!"o;): u; ..... ;'V~ • ... . ' ."'._ i 

286 

: :! •. ('~ ')' ~ ::' 
.~"I ll L. -)i.~' ~ 13.352 'r""'~ ~ 0 (.1 . " .,.. .u~:- ! .3. 544 I ~. It. ~ (l :" : 

rl~ .r.o~ _ ? 

,-.:' . lj~ . .' (( 

2.175 
1.564 

I 
I 'fl'Mlf.\.)i~ '-t o.:" ;nile ~ 

1 ~""l;: H·:·~ r; ) ; .... . !'h'1'!> t' -;. 

21"'~M'" .. 
27 422 

t ", ..... . ..... < : i' ', -, ,, , ' .. "; l~ t 't.: . ~~ .. 
1I ·1 ~' -::I.I'i, ~' ~ : I 
Hl,i;hOi ; 

t)), ~~ ;-:, 
:;1 ,:,.=, !.l~' 

1;.t. . : /; : .- i' 

1.102 
597 

<.:t .]$7 
'~ .• , . . i· · ... 

,.. . " _c 

5,.536 
1 

~. , ! 

Ii,) ' ! .,; , :, I:.··~·. ~ 

rli •. r. " .... ::': 
(](i,':N::,cF;". 

4.077 
,"",_ . .,L I{",:) 

'.'to, 0 47". : 
514 

2.517 

I, . , J.~ '. ,' ... .. ' ... " .I " "I ........... .:: f 

I 
I 

,, : ,", I 
25 275 
25 :'. 151' 

.. " '~ f .l ' 1'1" " ~.' " . .t!',;V! · ~ 
~ .11..'" ".)' , I. ~.~::.~r ·.· : :. 

·h ... ... I : .o~ (,1. If '.'!on!' i 
I 25 ' "29~, o · 

I 30 136 
,. ," I 30. " ' 43 '_· 

'"" ; ~.o:. 'I/; '<" ~ :.," , 

c ·, : I ~ · "! ·.I~(. ', \ :~:" '! ;~'~' t 

I ., .... , ... ,. , . ' ,., 
I 25' '39'f~' 
I 30 72 

Jf. ' ~,;l(J ~ I 30 :.'" ' 8~ '" 
~1 i : . ~ ·J · a~ ~I ~ . ( ! ~ ,~ ~ 

I " rf~ '. " ,,,, .. , :~ ' ':''t C'; c, 
I ... " i(,Yrl:tc:. ~ .. , 

I 
,~". IT\! \ ;'" I ~ ~ . ' 2 

"!t ;1 ,,' ... ", 2-8 " l ' 1'26;2-
25" I t,t' ~2" 9\~ i 

~ . I i ~.I.'! " , 

25 255 
30 181 
30 148 
30 120 
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·1.3. Oonventlonal Facill1l.Qs 

Table ·B.4, Oont.in~ed ' . 
Ooniingenqy iirialrsis Table 

(All costs shl)wn .ln<F¥1.99.QK$) 

.1.3.1 ,Engineering, .De"llIn, & InsplICtlpn 'li06 

1.3. 1, I LBL Aptlvltles 
1.3,1.1 , I EnginQQrin~ 

1.3.1. I ,2 Oons~ltant. 

1.3, I .1.3 Ins.pectlon 

.'" 

129 
16 
.69 

ij.b:';..,;, :~ .;. ;~ ... ;;~ 1;1' .r,· :!, 
", . ~~ '. ''''. ;;-:,l:<'> 1trt" .,:",' ._. , ~' 

214 

, " '~ . :. 
~, -," 

1,3.2 .' Oonstructlon .:'.' .'. ' ;'"%''~ ''J''' ,",' . >" ." .3 ,.O}5 
1.3.2.1 . Improveme.nts t.o . Land.<'~ ·· ·:· <'!.'·-i~ /\~:~ :~~ ... ;\ ~;.: , "''':'':~ '2,;, ,I" " '" 

. .' " .~ .~II,I;':',. ,l" , l f.;.f .... ~ I,' i; ;i.l; ., ' " _C, r: 
1.3.2,2 Building .. eo Impr.ovQm~n!,$ ." " " '" " .• ~.",., .• ,.;" , 1,17,,~ : . , 
1.3.2,3 Building 6 ImprovementS '< ,"' ,''' b it ·, "" "v 769,,,',., 
1.~.2.4 Site Utilities I :t:~;" i:Y;1 f"J<: '''' · ,;~·t~ . ~\:~;:) ·:i: ).'84." -
1.3.2.5 Special Fctlc::ilitie~ ,~~".~~~: ->'::/:~;.~,~~\,.<i ~~~A~ " " 1 ~ d43'" .J' . -

~-~.~~ I;~,'"ii.~~; .~:,,' :':,.~:~~:l' '\~~ :~_~I:.~:, ,~, ;::. -~~-:~;~.:.:. ~ ~: 

I .:3:·h:~ Sta~~~::c;~~;ent .• ,:7~:':;';'~~:;~~~":;::i;~;~~;~~~: 1.~787 
1.3.3.3 Cell and Tissv'.8 .C~It~~:,~) ~~~ ~·~~~;j,i ·~~~~;:' .. :',;:~~,,_~,-;(39?1.:' :.;" .," 
1 .~.3,4 Surgical .S.uHf !-' ;¥i. } ,? .. l<)~' ... ;,: "N: :,~:.J." ",''; <,:.- .1 ~.t): A' : ~ ~!: . 
1.3.3.5 General Svpport Equipment .392,,,· ., " 

1.4. Oontingency 

I .4. I Speci~1 Researqh Faci~iles & Proj Mgt. 3,830 

Convention,1 Facilities 1,079 

' file: .LSQ(ty~1i CPfltingTaq/e ~·4 page 2 

5,368 

I 
I 
I 
I 
I 
I 
I 
~ 
I 
I 
I 
I 

4,909 

8·44 

% K$ K$ 
Oonting, Canting Canting 

Subtotal 

1 5 
25 
25 

I 8 

25 
25 
25 
25 
20 

I 5 
I 5 
I 5 
I 5 
I 5 

19 
4 

17 

53 

3 
290 
191 

21 
209 

163 
16 
2 I 
12 
59 

1,079 
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This document was prepared as an account of work sponsortd 
by the United States Government. Neither the Unittd States • 

c· . ~ ' 1 

. : ,' 

, Government nor " aQ-y ' ~ag~ncy thereof, nor The Resetits of the : ' ~ "" '.r." ': ..... , ~ ~ 
University of California. nOl ;any of their employees, makes any : ' , :~:;' .. " j !t~iv '.;'-':' ,; '~ y' ' .. '.' '. ~ :". 

' warranty, express or impli.ed. ,,:It .assumes any legal liabili,ty o'f '~'" ;"· 0" ,, ~I-•. ~ ,; : .... :.J.::9{.-f· , ~~.~i \:. 
(es~nsibility , for the acc~.~cl'! completeness. or u~fult(tli. ,or '1l:. '''':;: __ ~i;:r :;~."ll"~·~.:J~! .;:,:· ~,: .• ~ r 
any tnfonnauon, appatatu~." product, or process dlsclose~. ::O[, ".~. '. \j.'! { " ' f, ~. ,:.fi,:~,b .t ~', '-<Z 
represents that its use would not infringe privately owned rights. ' . 

, Reference herein to any s~if~ CQmmercial products process. or ' " i;~'f' '~: ,';',: .~ , .~ 
, service by its trade name:~ t~d'einark. manufacturer. or other. ,,1:; ,_: ", :t,l:l: ' :'\,~ ';';:~ 
, wise, does not .n.~Fssarily constitute or imply its e'ndorsement, I 

. recommen<Ution. or .tlvoring by the United States Government 
' .> • • ' 

, or any agency thereof. or m'tR~ents of the University of Cali· 
fornia . The views and 0Pin~s of authors expressed herein do 

' not necessarily state o·r . ref1$ct those of the United ;Stales ' I \ ':.r::" ' :'k, ,:r. ;.~ 
Government or any age~c) ; thereor or The Regents of'ht·::,.2 ~ i?;.,- .,> " 

University of California a-rid shall not be used for advertising or .. ~ :',~> .. . ?-
, product endorsement purs5si~i. : '~'" ~"'!:, •• :,i~,.:r., ... _ h C'J{(h. 

Lawrence Berkeley Laboratory is an equal opportunity employei'. 
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