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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, nor any of their contractors, subcontractors, or their employees makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product or process disclosed, or represents thar its use would 
not infringe privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark manufacturer, or otherwise, does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the United States Government or any agency thereof 
The views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency, contractor, or subcontractor thereof 
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Summary 

The FACTS II (ASPEN FACE) infrastructure including 12 FACE rings, a central control 
facility, a central CO* and O2 receiving and storage area, a central O3 generation system, and a 
dispensing system for CO2 and O3 was completed in 1997. The FACE rings were planted with over 
10,000 plants (aspen, birch and maple). The entire system was thoroughly tested for both COz and 
O3 and was shown to be effective in delivering elevated CO2 and/or O3 on demand and at 
predetermined set points. The NCASI support to date has been extremely helpful in matching 
support for federal grants. 

. 

This research was performed under the auspices of the U.S. Department of Energy under contract 
No. DE-AC02-76CHOOO 16. 





The Free-Air CO, Enrichment (Aspen FACE) facility at the Harshaw farm site (USFS land) 
nearwelander, Wisconsin has been established to examine the influence ofgreenhouse gases (CO,, 
0,) on a northern forest ecosystem. We have constructed twelve 30-m diameter FACE rings (3 
controls, 3 with elevated 0, [0, to be administered according to a modified ambient profile from 
southern Michigan and with a target total summer dose of 100 ppm-hr], 3 with elevated CO, [ambient 
+ 200 ppm], and 3 with elevated 0, + CO, (Figure 1). A central gas distribution center has been 
constructed with a central receiver CO, tank and its associated ambient air vaporizer unit and an 
oxygen receiver tank and ambient air vaporizer unit (Figure 2). Ozone is generated in a central 
building adjacent to the 0, tank. Then 0, and CO, are piped out to the rings. Gas dispensing and 
monitoring is done from a monitoring shed at each ring and is controlled from a central computer 
facility that is interfaced to the sheds via a double loop fiber optic system. 

Figure 1. The twelve 30-m diameter Free-Air CO2 Exposure (FACE) rings making up the FACTS II (Aspen FACE) 
experiment in northern Wisconsin. There are 3 rings each of controls, elevated COZ, elevated O,, and elevated CO2 
+ 0,. The gases are dispensed and monitored from a central control facility (top left comer of the 20 ha site which is 
entirely enclosed in a deer fence). 

Figure 2. The central gas distribution system for the FACTS II (Aspen FACE) experiment. The horizontal receiver 
is for storage of CO2 and the steel columns to its right are the ambient air vaporizers for vaporizing COZ. The vertical 
receiver is for oxygen which is used for generating 0, from a large capacity O3 generator in the building on the left. 
Gaseous 0, and COr are piped to the various FACE rings. 



Each FACE ring is divided into three parts by a central walk-way (Figure 3). One-half of the 
ring is planted at 1 m x 1 m spacing to l-year-old plants of 5 trembling aspen clones differing in their 
0, or CO, responsiveness (Figure 4). The other one-half of the ring is divided into two sections: one 
planted with aspen clone 216 (tolerant) and sugar maple seedlings (l-year-old) intermixed at 1 m x 
1 m. There are 5 border rows of aspen around each FACE ring. An irrigation system was 
constructed for all 12 rings and used to supplement rain events during the first growing season. 

Figure 3. Each 30-m diameter FACE ring in the FACTS II (Aspen 
FACE) experiment is divided into 3 parts by the walkways shown. 
The area above the walkway is planted at 1 m x 1 m spacing with 
ramets of trembling aspen clones varying in their responsiveness to 
CO2 or 0,. The bottom left and bottom right sections are planted at 
lm x lm spacing with an alternating sugar maple and trembling 
aspen or paper birch and trembling aspen, respectively, to allow for 
study of species competition. 

Figure 4. A typical trembling aspen plant in the FACTS II 
(Aspen FACE) project. 

In order to accommodate dispensing of both CO, and 0, from our vertical vent pipes, we 
modified our gas injection system (Figure 5) in two ways as compared to that system used at the 
FACTS I (DUKE) experiment. First to accommodate a larger flow rate to dilute 0, concentrations 
coming out of the vertical vent pipe (so we would not have extremely high 0, concentrations near 
the vertical vent pipes), we changed from a hole configuration to a slot (Figure 6). We oriented the 
vertical vent pipe so it was pointed away from the center of the ring and placed a set of baffles to 
redirect air coming ti-om the vertical vent pipes into the FACE ring. Finally, we added a flashing on 
top of the baffles to direct air down and into the ring. Together, these modifications improved the 
stability and distribution of both CO, and 0, in our FACE rings. CO, and 0, are dispensed from the 
upwind side of each ring and monitored at plot centers (Figure 7). 

2 



i 

Figure 5. A typical FACE ring in the 
FACTS II (Aspen FACE) experiment and 
its associated control shed. 

Figure 6. The CO, injection system in the FACTS II (Aspen 
FACE) experiment utilizes slots, baffles, and flashing as 
shown here. The vertical vent pipe is oriented with the slots 
and baffles facing out from the center of each ring. 

Figure 7. CO, and 0, are monitored in 
the center of each FACE ring at the 
FACTS II (Aspen FACE) experiment. 
Also shown here are the micrometeoro- 
logical equipment for determining wind 
speed and direction. 
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The CO, system was run for 40 days beginning on August 21 to test the system and to 
examine plant responses to daylight-only versus 24-hour CO, exposures. The O3 system was run for 
approximately 25 days in October (after leaf drop) to test the system. Simultaneous CO, and 0, 
exposures were run for several days in October. Control of both CO, and 0, was excellent under 
winds from 0.5 m&c to 5.0 m/set which are typical of daylight wind conditions at our site. During 
these conditions, we were able to maintain CO, and 0, concentrations within 10% of our target value 
90% of the time and within 20% of our target value nearly 98% of the time (Figures 8 and 9). 
Multiport systems were established at two FACE rings to allow for a thorough characterization of 
gas distribution. These pointed out the hot spots near the upwind vertical vent pipes where our 
border row trees are located but indicated an excellent gas distribution across the experimental trees. 

We have thoroughly characterized all trees and all plots in the experiment. Heights, 
diameters, and leaf numbers of all trees were taken at the time of planting. Baseline leaf epicuticular 
wax chemical composition, particulate chemical composition using SEM-EDAX, and wax structure 
using SEM was completed in 1997. Soil samples from multiple points and various depths were taken 
from each ring for characterization of soil properties and soil microbiology. Leaves from all rings and 
all species were taken for foliar nutrient analysis and to characterize antioxidants. Our first year of 
our experiment will commence with bud break in 1998. 

We view the FACTS II (Aspen FACE) site as a user facility and we encourage participation 
by interested scientists. Currently, we have over 30 U.S. collaborators and 8 foreign scientists 
involved in our site. We have garnered support from several other sources including the U.S. 
Department ofEnergy, the USFS Global Change Program, the National Science Foundation (Biology 
and Academic Infrastructure Programs), Brookhaven National Lab, the Finnish Academy of Sciences, 
the University of Wisconsin Foundation, Natural Resources Canada - Canadian Forest Service, and 
Michigan Technological University. 
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Figure 8. The CO* control in the FACTS II (Aspen FACE) experiment is illustrated here. During 

highly variable wind conditions (A), we still maintained very uniform CO, concentrations at ambient 

plus 200 ppm (B). Only at the highest wind conditions (day 34) did we lose CO2 control. The 

distribution of CO2 around our set point (550 ppm) for a single ring and single day is shown in (C) 

above. 
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Figure 9. Ozone (0,) concentrations in the center of a FACE ring in the FACTS II (Aspen FACE) 

experiment on two different days. 
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